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I N T R O D U C T I O N

Dear Teacher:

The American Museum of Natural History/Environmental Defense Fund exhibition,
GLOBAL WARMING: UNDERSTANDING THE FORECAST, focuses on the causes and
effects of one of today’s leading environmental issues. Global warming is the overall
increase in the average air temperature near the Earth’s surface. This warming trend and
its possible effects are a subject of interest, concern and debate among scientists, legisla-
tors, the media and the public. Human activities, especially the widespread burning of
fossil fuels, are releasing heat-trapping gases into the atmosphere that could lead to an
intensified greenhouse effect and global warming.

GLOBAL WARMING: UNDERSTANDING THE FORECAST traces the history of the
Earth’s climate and describes the projected rapid warming that could take place as the
impact of population growth and human activities affects climate for the first time on a
global scale.

The exhibition includes models, photographs and other graphics that illustrate atmos-
pheric and climatic conditions in various periods of the past and also the present, as well
as providing some predictions for the future. “Hands-on” interactive computer models
show how scientists study the complex factors that influence the behavior of the Earth’s
atmosphere, and how they try to understand the uncertainties in the climate system that
enter into projections of future climate change.

The exhibition examines changes that could result from global warming, such as shift-
ing climate zones, rising sea level, changes in crop production, new patterns of rainfall
and environmental changes in wildlife habitats. Finally, choices every person can make to
reduce emissions of greenhouse gases are explored. The exhibition presents examples and
suggestions of how individuals, communities and governments can take action to reduce
the threat of global warming.

The Teachers’ Resource Manual to GLOBAL WARMING: UNDERSTANDING THE FORE-
CAST is an introduction to the exhibition and the topic of global warming. It is clear that
students’ interest in an exhibition is directly proportional to their familiarity with the sub-
ject. The Manual is written for you, the teacher, and review of its contents is strongly sug-
gested before coming to the Museum. It includes background information on global
warming, a self-guided tour designed for use on a class visit to the exhibition, and a set of
pre- and post-visit activities for students’ use in the classroom. Please feel free to adapt
the materials so that they best meet the needs of your classes. The interdisciplinary mate-
rials in the exhibition, as well as in the Teachers’ Resource Manual, include topics appro-
priate for science, social studies, mathematics, and English classes. It is hoped that stu-
dents will enjoy visiting the exhibition and doing the activities in this accompanying
Teachers’ Resource Manual and, above all, that they will better understand global warm-
ing and learn what steps can be taken to reduce its severity.
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KEY

– Words and phrases appearing in BOLD are important concepts and ideas.
These words appear in the Glossary of the Manual. Words appearing in
BOLD in the margins of the Background are related subjects, disciplines
and concepts which can be discussed or integrated with the topic of global
warming.

– Suggested questions teachers might want to ask the students while on a
tour of the exhibition also appear in BOLD in the Self-Guided Tour sec-
tions.

– Answers to all suggested questions throughout the Self-Guided Tours and
Pre- and Post-Visit sections appear in ITALICS.
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B a c k g ro u n d
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BACKGROUND

GLOBAL WARMING: UNDERSTANDING THE FORECAST

Understanding the difference between weather and
climate is important for an understanding of scientists’
concern about a possible global warming trend. Weather
is the condition of the atmosphere at any given place and
time involving factors such as temperature, precipitation,
direction and speed of the wind, and amount of water
vapor in the air. Weather changes according to the move-
ment of large bodies of air called air masses. For exam-
ple, when a cold air mass displaces a warmer body of air, the temperature can
drop noticeably in a matter of minutes and a sunny morning can be followed by
a cloudy, rainy afternoon.

Climate is the average long-term or typical weather in a particular region
from season to season and year to year. For example, in the northeastern
United States, winters are cold and snowy and summers are warm and moist.
No single event like a heavy snowfall or a heat wave determines a region's cli-
mate. Rather, scientists learn about climate by collecting weather information
over a number of years. 

During the hot, dry summer of 1988, the idea that the climate could change
rapidly and that human activities could have a major influence on climate
became a common topic of conversation. Phrases like global warming, the
greenhouse effect and greenhouse gases became household words. The news
media saturated the public with warnings from scientists that the future may
bring a warmer world in which some regions could suffer more frequent
drought, famine and poor health unless corrective actions were taken. The
cause was said to be the accumulation in the atmosphere of heat-trapping
gases like carbon dioxide.

Global warming, an increase in the Earth’s average temperature, is not a new
concept. Since the early 1800s scientists have known about the “greenhouse
effect”—the warming that results when atmospheric gases like carbon dioxide
and water vapor trap heat radiating from Earth toward space. The presence of
these gases in the atmosphere makes life possible on a planet that would other-
wise be frozen.

However, scientists warn against having too much of a good thing. Some fear
that human activities which add large amounts of “greenhouse” gases to the
atmosphere may result in an unprecedented rate of global warming with far-
reaching effects. As early as 1896, the Swedish chemist Svante Arrhenius pre-
dicted that if the concentration of carbon dioxide in the atmosphere were to
double from the gas released by the burning of coal and other fossil fuels, glob-
al temperature would rise 7 to 10˚F (4 to 6˚C).

Measurements indicate that since the mid-1700’s atmospheric carbon dioxide
has increased by more than 30%. In 1958 Dr. David Keeling of the Scripps
Institution of Oceanography began measuring the amount of carbon dioxide in
the atmosphere at Hawaii’s Mauna Loa Observatory. A graph of Keeling’s mea-
surements (Figure 1) indicates that carbon dioxide levels are steadily increasing,
and that since 1958 atmospheric carbon dioxide has risen by more than 15% .

Related Subjects and
Concepts:

vocabulary
current events
history
social studies
mathematics
debate
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The rising series of bumps in Keeling’s graph represents seasonal ups and
downs in the amount of carbon dioxide. Each spring and summer in the
Northern Hemisphere carbon dioxide levels drop as a result of increased p h o t o-
s y n t h e s i s, the process by which plants make food using atmospheric carbon
dioxide, sunlight and water.  This intense photosynthetic activity during the
growing season removes billions of tons of carbon dioxide from the air. Carbon
dioxide levels climb in the fall and winter as photosynthetic activity decreases
and r e s p i r a t i o n and decay of plant matter add carbon dioxide to the atmos-
p h e r e .

These recent figures conform with others reflecting the steady rise in carbon
dioxide. Analysis shows that the rise over the past 200 years has been chiefly
due to increased emissions resulting from human activities. If factories and
vehicles continue the excessive burning of fossil fuels that causes increasing
carbon dioxide emissions, by the second half of the next century carbon dioxide
concentrations in the atmosphere could be double the pre-industrial levels.
Scientists generally agree that this unchecked accumulation of carbon dioxide
will probably lead to global warming, but there is uncertainty about exactly how
fast and how much the Earth might warm. Consequences of this warming even-
tually could have harmful effects on the environment.

Many people believe that it would be prudent, therefore, to take steps as soon
as possible to mitigate the potential effects of global warming. Some believe that
the warming will not be great enough to produce serious threats and that it is
not urgent to take measures to reduce emissions of carbon dioxide and other
greenhouse gases. Others offer an engineering response designed to interfere 

Figure 1
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with warming processes by technological means. Successful response will
require worldwide education; but each person must start in his or her own little
corner, simultaneously becoming both student and teacher. To grasp the poten-
tial threat and effects that a rapidly altered atmosphere might have on the world
as we know it, it is helpful to understand some of the naturally occurring cycles
that create Earth’s climate.

Cycles

Carbon dioxide gas forms part of the carbon cycle,
one of the several important cycles in nature. These
include the nitrogen cycle, phosphorus cycle, the car-
bon cycle and the water cycle. The last two will be discussed here.

Related Subjects and
Concepts:

vocabulary
debate
recycling

Figure 2

Figure 2 illustrates the water cycle—the natural process by which water cir-
culates between oceans, lakes, land and air.

Rain and other forms of precipitation fall on the land and on bodies of
water. Energy from the sun causes the evaporation of water in the form of
water vapor from oceans, lakes, ponds and streams. In addition, animals
release water vapor during respiration and plants release water vapor during
transpiration. During condensation, the water vapor changes to water in its
liquid form—this change produces clouds. During precipitation, the water from
clouds is returned as rain, sleet or snow to the land and to the bodies of water.
This recycling of the earth’s water supply—the result of the water cycle—pro-
vides conditions suitable for life.

Like water, carbon goes through a continual cycling process, referred to as
the carbon cycle.
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The amount of carbon in the Earth’s carbon cycle remains constant. Carbon
released from processes like dead plant and animal decay or burning wood and
fossil fuels combines with oxygen in the atmosphere to form carbon dioxide.
Once in the atmosphere, carbon dioxide is continually exchanged with carbon
in the ocean and in plants and soils. Carbon and carbon dioxide cycle continu-
ously through animals, plants, rocks, water and the air.

Carbon Dioxide and the Greenhouse Effect

Water vapor, carbon dioxide, and other greenhouse
gases trap heat energy radiated from the Earth’s sur-
face. This trapped heat is important to keeping the plan-
et’s surface at a temperature suitable for life to exist.
The process is known as the greenhouse effect because it resembles what hap-
pens in a greenhouse. The panes of glass in a greenhouse allow sunlight to pass
through but prevent some of the resulting heated air inside from escaping
(Figure 4A). Greenhouse gases act in much the same way. 

Related Subjects and
Concepts:

vocabulary
history
social studies

Figure 3
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Most of the sun’s energy travels to Earth as visible light. About half the sun-
light reaching Earth’s atmosphere passes through the air and clouds to the
planet’s surface where most of that energy is absorbed and converted to heat.
The Earth emits this heat as infrared radiation, a wavelength of energy invisible
to the human eye. Molecules of carbon dioxide and the other greenhouse gases
absorb most of the infrared radiation and then re-emit it. As a result, the
Earth’s surface and its atmosphere stay warmer than they would if greenhouse
gases were not present (Figure 4B).

Figure 4A

Figure 4B
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Even though only a small amount of greenhouse gases are present in the
Earth’s atmosphere (carbon dioxide, for example, makes up about 0.03% of the
atmosphere), they have a powerful effect on temperature. Greenhouse gases
keep the Earth’s average surface temperature at a life-supporting 59˚F (15˚C).
Without these, the Earth’s average temperature would be a chilling 0˚F (-18˚C). 

A neighboring planet, Venus, has a dense atmosphere which consists mainly
of carbon dioxide. As a result the greenhouse effect is stronger and the surface
temperature is a scorching 900˚F (477˚C).

Although on Earth water vapor produces most of the atmosphere’s natural
greenhouse effect, human activities directly affect its concentration only locally
and in minor ways. In discussing global warming there is particular concern over
amounts of atmospheric carbon dioxide. For the past 10,000 years Nature has
maintained an approximately constant level of this gas in the atmosphere, but
the carbon dioxide recently introduced to the atmosphere by human activities is
changing the balance. The combustion of fossil fuels releases carbon which has
previously remained locked out of circulation for millions of years! 

Other Greenhouse Gases

Carbon dioxide is not the only gas whose increased level
may intensify the greenhouse effect. Concerns about global
warming were heightened by the discovery that several other
gases have a similar heat-trapping ability. Methane, nitrous
oxide, and fluorocarbons are gases that, molecule for mole-
cule, trap heat even more effectively than carbon dioxide. Of all the greenhouse
gases released by human activity, carbon dioxide is still of most concern since
its emissions are the largest. However, other gases are expected to contribute
significantly to global warming as well.

Methane is about twenty times more efficient than carbon dioxide at trapping
heat. It is produced by anaerobic bacteria in swamps, bogs and landfills, as
well as in the digestive tracts of cattle and termites. There are now about 1.3
billion cattle on Earth, each releasing up to a half pound of methane a day. As
livestock production increases to feed an expanding human population,
increased amounts of methane will be released into the atmosphere.

Rice, one of our most important grain crops, feeds one-third of the world’s
human population. Bacterial decomposition in the flooded rice paddies pro-
duces methane. Growing more rice to feed the expanding human population will
release more methane into the atmosphere.

Since 1750, the amount of methane in the atmosphere has more than dou-
bled. If current trends continue, it is likely to double again by 2050, possibly
compounding the global warming problem.

Nitrous oxide, another greenhouse gas, is about 200 times more efficient
than carbon dioxide at trapping heat. The most important natural source of this
gas to the atmosphere is tropical soils, although release from the oceans con-
tributes as well. The largest source of nitrous oxide from human activity is
nitrogen fertilizers. Added to farmland to provide nutrients for crops, these fer-
tilizers break down in the soil, releasing nitrous oxide into the air. The gas may
remain in the atmosphere for more than a century.

Related Subjects
and Concepts:

vocabulary
geography
social studies
history
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Fluorocarbons are greenhouse gases that rarely occur in nature. They are
used primarily as coolants and insulators in refrigerators and air conditioners.
Sime kinds of fluorocarbons, including chlorofluorocarbons (CFCs), also destroy
ozone. Because of concern over destruction of the ozone layer, production of
CFCs in industrialized countries like the United States has been banned.
However, production and use of other fluorocarbons that do not destroy ozone,
but are potent greenhouse gases, continue to increase.

Looking Back

Glacial ice is an important source of climate data because it
preserves a record of the changing composition of Earth’s
atmosphere. Scientific analysis of glacial ice cores indicates that
over the past 220,000 years there has been a direct relationship
between the amount of carbon dioxide in the air and the Earth’s average tempera-
ture. Scientists study polar glaciers which have formed over many thousands of
years from layers and layers of compacted snowfall. They have drilled into the
glaciers and removed mile-long cylinders of ice in which air bubbles are trapped.
They have measured the carbon dioxide concentration in these air bubbles from
many past periods. They have also estimated the air temperature for each period
from analysis of the ice. The data collected represent an unbroken record of both
temperature and concentrations of atmospheric carbon dioxide through time.

The findings show that during cold periods (for example, ice ages), Earth’s
atmospheric carbon dioxide levels were low, about 190 parts per million. During
warm, interglacial periods, carbon dioxide concentrations were higher, about
280 parts per million. Over the 220,000 years of the ice record, levels of carbon
dioxide fluctuated between these extremes until the beginning of the Industrial
Revolution about 250 years ago.

Beginning with the Industrial Revolution in the mid-1700s, human activities
began to affect the composition of the atmosphere. People used more and more
energy to power factories, heat homes, run motor vehicles and generate electrici-
ty. At the same time, the worldwide human population began to increase rapidly.
Together, these two trends led to the burning of more and more fossil fuels. This
burning released billions of tons of carbon dioxide each year. Large tracts of
forests were also burned and cleared for more grazing land, for fuel and for
crops. Destroying large numbers of trees results in reduced photosynthetic
activity, and thus less carbon dioxide is removed from the atmosphere. Burning
the forests also adds more carbon dioxide and other greenhouse gases to the
atmosphere. 

As a result, the concentration of carbon dioxide in the atmosphere has risen
by more than 30 percent since 1750. Because of evidence linking rising concen-
trations of carbon dioxide and other gases to increases in atmospheric tempera-
ture, many scientists believe human activity is beginning to affect global climate.

One piece of evidence supporting this conclusion is the fact that the ten
warmest years on record since 1880 have occurred since 1980 (Figure 5).
Although this recent upward shift in world temperature could be caused in part
by a random climate fluctuation, scientists believe that the available evidence
suggests climate change is unlikely to be due to entirely natural causes.

Related Subjects
and Concepts:

vocabulary
history
social studies
geography
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Figure 5

Making Predictions about Global Warming

Forecasts of future climate change are made with com-
puter models that try to balance the many factors
involved in future changes in climate. Increased amounts
of carbon dioxide and the other heat-trapping gases loom
large in this picture. In these computer models, called
Global Climate Models (GCMs), mathematical equations
describe relationships among climate factors. The mod-
els are not perfect. In his book, Global Warming:
Understanding the Forecast, Andrew Revkin writes, “If our planet were a
smooth, motionless sphere, the task of simulating its climate would be simple.
You would need only equations for the amount of sunlight hitting the surface
and the infrared radiation escaping into space. Earth, however, is a variegated,
complicated system with a mottled surface of water, earth, ice and green plant
life, each of which absorbs sunlight and radiates heat in very different ways. As
a result, modeling future climate is a daunting challenge.” Computer models
are the best tools available, but as Revkin points out, it is very difficult to pre-
dict climate change accurately because of the many variables affecting climate
in the real world.

A typical computer model subdivides Earth’s atmosphere into stacked, three-
dimensional sections called grids. Each grid area, a mile high and roughly the
size of the state of Colorado, interacts with adjacent grid areas. Conditions such
as temperature, precipitation, moisture, sunlight and wind are derived by a set
of equations for each area. The computer program provides for seasonal
changes like the amount and strength of sunlight in each hemisphere.
Scientists put into the computer a set of initial conditions, such as current cli-
mate conditions and carbon dioxide concentrations. Then by changing a partic-
ular condition—for example, adding a given quantity of carbon dioxide to the
air—the computer calculates how this change affects the temperature of the
atmosphere.

Related Subjects and
Concepts:

vocabulary
computers
mathematics
geography
social studies
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Because climate models are so complex, only a few institutions around the
world have developed them. As researchers learn more about the interactions
between various parts of the climate system, programs must be constantly
updated. Scientists are working to improve the computer models by enhancing
representations of clouds and oceans, two of the variables with major implica-
tions for climate.

The net impact of clouds on climate is not fully understood. High clouds tend
to trap heat, while low clouds reflect incoming light and result in cooling. In
addition, the increased water vapor that would come with global warming might
alter cloud types and the areas they cover, introducing further complications.
Much more needs to be learned before scientists can determine how clouds
influence temperature and how they may affect global warming.

Oceans also play a major role in climate regulation because they absorb heat
and atmospheric carbon dioxide. In this way they could delay the warming
expected from increasing concentrations of greenhouse gases. 

In addition, scientists cannot accurately predict how much carbon dioxide
the Earth’s vegetation will remove from the atmosphere in the future. They can-
not predict exactly how populations will change, the types of energy sources
humans will depend on (perhaps there will be a shift to alternatives to fossil
fuels, like solar, wind and geothermal energy), what the demands for these
energy sources will be, and what carbon dioxide emissions will result. Even the
most sophisticated models cannot estimate changes in particular localities. For
example, scientists cannot yet determine with accuracy how an increase in
carbon dioxide would affect the future climate of New York City.

Despite these limitations, Global Climate Models are the best tools
researchers have to evaluate possible effects of increasing amounts of green-
house gases on global and regional climate.

Potential Impacts of Global Warming

Some forecasts anticipate that by the end of the
next century, the amount of carbon dioxide in the
atmosphere may increase to as much as two or three
times its pre-industrial level. Researchers estimate
that this could result in a global average temperature
increase of 2 to 6˚ F (1 to 3.5˚ C). This rise in temperature could:

– Cause sea levels to rise and flood low-lying coastal areas worldwide.

– Shift climate zones too fast for many plants and animals to adjust.

– Affect agricultural production and water resources.

– Affect human and animal health.

Related Subjects and
Concepts:

social studies
health
geography
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Higher atmospheric temperatures would cause ocean water to warm and
expand; additionally, some glaciers would probably melt. Both of these factors
would add to already rising sea levels. Measurements during the past 100 years
reveal that sea levels have risen worldwide by 4 to 10 inches (10 to 25 cm) with-
in that time. It is estimated that by the year 2050, oceans could rise another 8
inches (20 cm), causing increased flooding and loss of coastal areas worldwide.
Low-lying countries with large coastal populations like Bangladesh, Indonesia,
Pakistan, Thailand, the Maldives (an island off the coast of India) and Egypt are
especially vulnerable. 

Flooding would force people living in the coastal areas of these countries to
move inland. The resulting wave of environmental refugees could intensify the
hunger and disease in these already overcrowded areas. Parts of cities in the
United States such as Washington, D. C., Miami and New Orleans could also be
flooded during storms.

The impact of global warming would be felt not only by humans but also by
animals and plants. Climate changes affect the survival of many living organ-
isms by causing redistribution of habitats. The ability to adapt or migrate will
determine the survival of many species.

Changes in temperature and rainfall that might accompany higher concen-
trations of atmospheric carbon dioxide could alter food production and water
resources. For some regions, increased carbon dioxide might be beneficial,
stimulating crop growth. Some areas now too cold for maximum farm produc-
tion would have longer growing seasons. Important agricultural zones might
shift northward to regions such as northern Europe and Canada. Parts of the
world might receive increased rainfall, making them more fertile. But other
areas, like southern Europe, might receive less rainfall, leading to lower crop
yields. Interior regions of continents might experience drier summers, leading to
reduced crop yields or crop failures, particularly in developing countries where
adaptation may be difficult.

Higher temperatures could also affect human health. Heatstroke, heart
attacks and respiratory problems are aggravated by heat and might occur more
frequently. Temperature in some regions might soar so high that people would
be forced to migrate. Insect-borne diseases might spread as insect populations
move to new areas.

Taking Action to Slow the Effects of Global
Warming

Despite uncertainties and differing opinions on how,
when and to what degree global warming will affect life
on Earth, many scientists agree that the time has come to act. Others, however,
maintain that the models are wrong and that the world might warm only moder-
ately or not at all. They believe that more research is needed before changes are
made. Others say that there is no need to worry because there will always be a
technological fix. For instance, they suggest that we could fertilize the ocean
around Antarctica to produce vast plankton blooms which would remove carbon
dioxide from the atmosphere. Most of the technological measures proposed
appear to involve uncertain outcomes.

Related Subjects and
Concepts:
citizen action
debate
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Though some scientists and politicians raise questions about the certainty of
global warming, many things that can be done to reduce the greenhouse gases
now entering the atmosphere are in any case desirable for saving energy and
protecting the environment.

Energy Conservation: Energy can be conserved and used more efficiently at
home, in the workplace and on the road. Conserving energy reduces the
demand for coal, oil and natural gas. Reduced burning of fossil fuels would
lower emissions of carbon dioxide, the major greenhouse gas contributor to
global warming. It would also reduce atmospheric pollution.

Development of Alternate Energy Sources and Technologies: Fossil fuels now
supply most of our energy. Only a small amount comes from renewable sources
like solar or wind power, which do not release greenhouse gases. Increased pro-
duction of energy from renewable sources would reduce people’s dependence on
fossil fuels.

Reforestation: As trees grow they take carbon dioxide from the air and store the
carbon. Planting trees on a large scale would help offset the carbon dioxide
released by human activities.

Education: Learning more about global warming and how to cope with its
effects will help prepare the world for possible future changes. Researchers are
investigating the issues and it is up to society to assimilate, share and apply
that understanding in practical ways. Only increased knowledge can provide
the foundation necessary for informed action.

Sustained research will enable scientists to provide society with knowledge
needed for making prudent decisions. With greater expertise, people can
make better choices and adopt effective measures to reduce the risk for global
warming.
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P re - Vi s i t
A c t i v i t i e s
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P RE-VISIT ACTIVITIES
Pre-Visit Activity: Elementary

EXPERIMENT: How Carbon Dioxide is Removed from the Earth’s Atmosphere

Concept: * the Earth recycles some of its resources 

Skills: * observation
* experimentation
* interpretation

Materials: bromothymol blue (BTB), a carbon dioxide indicator in
a dropper bottle

small jars with lids (baby food jars)
water
drinking straws
sprigs of Elodea (or other water plant, commonly

found in aquarium supply stores)

Introduction

Earth is the only planet in the solar system with an atmosphere which can
support living things. Oxygen is the gas in the atmosphere that our bodies use,
and greenhouse gases like carbon dioxide keep the Earth’s average temperature
at a comfortable 59˚F. On the planet Venus the atmosphere is mostly carbon
dioxide, and the greenhouse effect is very strong. Venus has an average surface
temperature of 900˚F, much hotter than it would be without greenhouse gases
in its atmosphere and too hot to support life.

In this experiment we will be able to observe a natural process which
removes carbon dioxide from the Earth’s atmosphere, resulting in a tempera-
ture suitable for life. This process is a part of the carbon cycle.

Procedure

1. Divide the class into groups of 5 or 6 students.

2. Hand out two jars and lids, water, straw, sprig of Elodea and the bro-
mothymol blue (BTB) to each group.

3. Instruct the groups to half fill both jars with a pre-mixed mixture
of water and BTB (the mixture should be about 6 drops of BTB to
8 ounces of water). This step will insure that the liquid in all the jars
is a uniform blue color. (See Figure 1).

4. Each group should choose 2 members to blow into the jars through a
straw until the others notice a change. (The water will turn yellow).
It is important to stress that students should blow OUT through the
straw, not suck in.

5. Ask the students what they have observed. (The water with the BTB has
turned yellow.) Explain that BTB is a chemical indicator, something 
that shows when a particular chemical is present. BTB turns yellow in 
the presence of carbon dioxide.
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6. Students should then place a sprig of Elodea in one of the jars, cover
both jars and place them in a sunny window or in direct sunlight for
1 hour. Explain that Elodea is a plant that grows underwater in lakes
and ponds.

7. After an hour, the students should observe the contents of the jars and
report their observations. (The BTB solution with Elodea turned blue
again. The blue color means that there is no carbon dioxide in the water.
The plant must have removed the carbon dioxide from the water. The
solution in the other jar remained yellow because there was no plant to 
remove the carbon dioxide and the carbon dioxide is still in the water.)

Figure 1

Discussion

Explain to the students that air is a mixture of many different gases. As animals
breathe in (inhale), their bodies use oxygen; breathing out (exhaling) releases
carbon dioxide. Through the process of photosynthesis, plants do the opposite:
they take in carbon dioxide for building their cells and release oxygen. Animals
and plants are, then, dependent on each other for survival. Figure 2 is a dia-
gram of the carbon dioxide and oxygen exchange.

Ask the students: “What do you think will happen to the carbon dioxide levels
in the air if a forest is cut down and burned?” (Carbon dioxide would increase.)
What effect do you think this would have on global warming? (Since trees and
other plants build their cells using carbon from the carbon dioxide they absorb,
cutting and burning them releases this carbon back to the atmosphere as carbon
dioxide, increasing its concentration in the air. Remember that carbon dioxide is a
greenhouse gas. Therefore, the greater the concentration of carbon dioxide in the
air, the warmer the temperature, resulting in the possibility of increased global
warming.)
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Figure 2

Pre-Visit Activity: Elementary

EXPERIMENT: Observing the Water Cycle

Concept: * the water on Earth is constantly recycled

Skills: * observation
* experimentation

Materials: water
heat source (such as a light bulb or desk lamp)
large plastic containers
plastic wrap
tape
paper towel (for cleanup)
small jar or mug

**This experiment will take some time. The Environmental Alphabet activ-
ity (see page 63) could be done while you are waiting for the water to evap-
orate and condense.**



22

Introduction

Water has three forms: solid ice, liquid water and a gas called water vapor.
Depending on conditions, it can change from one form to another.

The amount of water on Earth stays the same and is continually circulating
between the oceans, the atmosphere and land. For example: Some rain falls on
land and some into lakes. Plants on land absorb the water through their roots,
use it to make food (the process called photosynthesis), and then release some
of it back into the air in a process called transpiration. The lakes drain into
streams, which flow into the oceans, carrying along the rainwater. At any time
during this trip to the sea, evaporation might occur, meaning that the water
changes from liquid into vapor and returns to the air. In the air it eventually
mixes with more water vapor, forms clouds, and falls back to Earth again as
rain, snow or sleet. This continuous, circular process is called the water cycle.

Figure 1

Procedure

1. Divide the class into groups of 5 or 6 students.

2. Hand out a plastic container with lid, water, piece of plastic wrap, tape,
paper towel and small jar to each group.

3. Students in each group should fill a plastic container about one-quarter
full of water. A small jar should be placed carefully in the container.
The container should be covered with a piece of plastic wrap and sealed
tightly with tape.

Caution the students not to splash the jar when placing it in the container
and not to get the plastic wrap wet.

4. Put the plastic container under the heat source and ask the students to
watch what is happening. (The heat will cause the water in the container
to evaporate; it will rise as vapor and condense on the plastic wrap,
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clouding the wrap; as more and more water condenses on the wrap, it
will form droplets; these droplets will then fall back into the water and
into the empty jar as “rain.”) 

5. Place a small weight or pebble on the center of the plastic wrap, to
insure that the “rain” falls into the cup or jar.

Figure 2

Discussion

Encourage the students to discuss and write about their observations using
the terms: condensation, evaporation, water vapor and water cycle.

Ask the students where the water which forms clouds comes from.
(Evaporation from lakes, streams, oceans.) Have them draw the water cycle on a
piece of paper (or you can draw it on the board).

What are clouds? (Water that is evaporated and carried into the air as vapor -
the water vapor condenses into tiny droplets and forms the clouds.) What is rain?
(Water droplets that fall because they grow too big and heavy to remain in the
clouds.) What is dew? (Typically, younger students will respond that it happens
when they wake up in the morning. Dew is formed from water vapor which con-
denses on surfaces that cool overnight. As the sun rises and the day warms, the
dew evaporates.)

Ask the students if they can make clouds. Explain that whenever their breath
hits cold air, it forms “clouds.” The air in their lungs contains warm water
vapor. When the warm water vapor in their breath meets the cold air, it con-
denses to form a cloud.
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Pre-Visit Activity: Elementary

SCIENCE PROJECT: Making a Soda Bottle Terrarium

C o n c e p t : * understanding how a terrarium or greenhouse functions
as a closed system

S k i l l s : * observation
* construction

M a t e r i a l s : 1 plastic 2-liter soda bottle
s c i s s o r s
potting soil
filtering charcoal (not barbecue charcoal!)
pebbles or broken flowerpot chips
small plants: mosses, ferns, philodendron, pothos
n a i l

I n t r o d u c t i o n

Greenhouses are buildings made especially to grow plants. Plants can grow in
greenhouses all year, even in snowy or other cold weather. The walls of a green-
house are made of glass or clear plastic. The sun shines through the glass or
plastic and  warms the air, soil and everything else. The walls do not let all the
warmed air inside escape, so that the greenhouse remains warmer than the area
outside. The heated air inside is trapped. Plants can grow and thrive in this
warm environment. Greenhouses are also called hothouses because the air
inside gets so hot.

P r o c e d u r e

1 . Press fingers between side of the bottle and plastic base.

2 . Grasp bottom of bottle and pull hard to remove it from plastic base.
The bottom portion of the bottle will become the dome of your terrarium.
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3. Measure 6 inches up from the rounded bottom of the bottle and make a
line around the bottle. Poke a hole through the bottle at a point on the
line, using the sharp tip of the scissors. Then cut around the line with
the scissors.

4. The soda bottle base should already have holes in it for drainage. If it
does not, poke several holes for drainage. Place a 1-inch layer of pebbles
in the plastic base. Cover with a thin layer of fine charcoal.

5. Add about 1 inch of potting soil and place one or two small plants in the
terrarium, adding more soil if necessary.

6. Place the terrarium in a large dish or in the sink and water it until water
runs out the drainage holes in the base.

7 . With a thin nail, poke about five holes around the top of the bottle dome.

8. Place the bottle dome over the plants and fit it into the base.

9. Place the terrarium in a well-lit but not sunny window.

Discussion

C A R E: It will probably never be necessary to water the terrarium. It may be
necessary to open it occasionally to wipe condensation from the dome. If mold
develops, remove the dome and leave it off for a few days to let the soil dry out
a little. 

The terrarium can be easily moved from place to place. It should maintain a
self-contained environment so that fluctuations in the humidity and tempera-
ture of the room will have little effect.

The students should observe both the growth of the plants and the water
cycle in process. Water will be transpired from the leaves as water vapor which
will escape into the dome and condense inside the dome top. This will create a
moist environment—the kind in which plants thrive!

Pre-Visit Activity: Elementary

DEMONSTRATION EXPERIMENT: Demonstrating the Greenhouse Effect

Concept: * how a greenhouse traps heat; an analogy for
** the Greenhouse Effect

Skills: * observation
* interpretation
* recording data

Materials: 1 large mayonnaise jar with a lid
2 small thermometers
2 pieces of cardboard
rubberbands
bright desk lamp (optional—if sunny windowsill is available)
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Introduction

A greenhouse is a building especially constructed for growing plants when
the weather outside is cold. The walls of a greenhouse are made of glass or clear
plastic. Sunlight passes through the walls and is absorbed by the soil and
plants and is then emitted as heat energy which warms the air inside the green-
house. The walls prevent the heated air from escaping, and it remains trapped
inside the greenhouse. Do you think the temperature inside the greenhouse is
hotter or colder than outside the greenhouse? (Hotter.) Certain gases in the
atmosphere, called greenhouse gases, act like the glass in the greenhouse.
These gases allow sunlight to pass through to the Earth’s surface. When sun-
light hits the Earth it heats the surface (think of a blacktop parking lot in the
summer). As the heat rises, some of it is trapped by the greenhouse gases. What
are the major natural greenhouse gases, not including water vapor? (Carbon
dioxide, methane, nitrous oxide.) Without the greenhouse gases creating what is
called the natural greenhouse effect, the atmosphere and climate on Earth
would be too cold to sustain life.

In this experiment, you will observe that the temperature inside a greenhouse
is warmer than the temperature outside the greenhouse.

Procedure

1. Using rubberbands, attach the top of each thermometer to a piece of
cardboard. Make sure the numbers are facing out when you stand the
thermometers, as in Figure 1.

2. Place one of the thermometers inside the mayonnaise jar and put the top
on the jar.

3. Put the jar with the thermometer and the thermometer with only
the cardboard attached next to each other in a sunny window or beside
a desk lamp. Be sure that both thermometers are shaded from direct 
sunlight by the cardboard (see diagram).

4. Record the temperatures of both thermometers every 10 minutes
for an hour. 

5. You might want to continue the experiment and record the two tempera-
tures daily for a week. Make sure you do it at the same time every after-
noon. Use the data for discussions on how the temperature fluctuates
from day to day or for lessons on making graphs.

Discussion

Ask the students which thermometer indicates a higher temperature. (The
one inside the jar.)  Ask them why? (The glass jar traps the heated air inside and
does not allow it to escape; the temperature rises and stays higher than that
shown by the thermometer outside.)
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Figure 1

Talk about why the “mayonnaise jar greenhouse” was more effective on some
days than others, or perhaps varied with the time of day. (Variations will result
from different light conditions and length of time exposed to direct sunlight.)

Discuss how the jar is behaving like the Earth’s atmosphere. Ask the stu-
dents what in the atmosphere acts like the glass of the jar or in a greenhouse.
(Atmospheric greenhouse gases: water vapor, carbon dioxide, methane, nitrous
oxide, and fluorocarbons.)

Ask what this process is called and why. (The greenhouse effect; because the
gases in the atmosphere act like the glass in a greenhouse.)

Ask what the Earth’s climate would be like if we did not have the greenhouse
effect. (Climate would be too cold for life.)
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Pre-Visit Activity: Junior High School

SCIENCE PROJECT: Demonstrating the Greenhouse Effect in Your Classroom

Concept: * how a greenhouse traps heat; an analogy for
* the greenhouse effect

Skills: * identification of problems to be solved
* setting up an experiment
* observation and data collection
* construction and analysis of tables and graphs

Materials: large mayonnaise jar with lid
potting soil
small plants
2 pieces of cardboard
black construction paper
2 thermometers
tape
scissors

Introduction

A greenhouse is a glass-walled building designed for growing plants. Sunlight
passes through the glass, warming the air and soil inside. The glass walls pre-
vent the heated air from escaping, thus creating a warmer environment for the
plants.

Certain gases in the Earth’s atmosphere, called greenhouse gases, act much
like the glass in a greenhouse, allowing sunlight to pass through and strike the
Earth’s surface but preventing some of the resulting heat from escaping back
into space. The Earth’s surface absorbs sunlight and re-emits this energy in the
form of invisible infrared radiation, or heat (Figure 1). Greenhouse gases absorb
much of this heat and in turn re-emit it, warming the Earth’s atmosphere and
surface.

In this activity a miniature greenhouse will be constructed and used to
observe and record how it affects temperature over a period of time.
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Figure 1

Procedure

1. Fill the mayonnaise jar with soil to a depth of about 2 inches.
Carefully place a green plant in the soil, making sure the soil is firm
around the roots, and water it. This will be your greenhouse.

2. Cover 2 pieces of cardboard with black construction paper, and tape
a thermometer to each piece, as shown in Figure 2.

3. Put one thermometer into the jar placed on a window ledge in the sun.
Close the jar with the lid; your greenhouse is now complete. (Figure 2)

4. Place the second thermometer next to your greenhouse on the same
window ledge in the sun.

5. Read the thermometer inside your greenhouse and the one outside at
the start of the experiment. Record these starting temperatures on the
data table like the one found below.

6. Continue to record both temperatures every 10 minutes for 2 hours.
(Data will vary.)
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Figure 2

Data

Temperature Temperature
Time Inside Greenhouse Outside Greenhouse

Start _________________  __________________   
10 min _________________  __________________   
20 min. _________________  __________________   
30 min. _________________  __________________   
40 min _________________  __________________   
50 min. _________________  __________________   
60 min _________________  __________________   
etc.

Results

Use the information on your data table to make a graph on the grid below
(Figure 3).

1. Mark an appropriate scale on each of the labeled axes.
2. Plot the data for temperature inside the greenhouse. Surround each

point with a small triangle. Then connect the points.



31

Conclusions

1. State the problem being investigated by this experiment. (How does the
rate of change in temperature inside a greenhouse differ from the rate
of change in temperature outside?)

2. Compare the rate of temperature change over time inside and outside
the greenhouse. After 1 hour, which thermometer had the highest
reading? (The thermometer inside the greenhouse will show a higher
temperature than the one outside.) In which place was the rate of change
in temperature faster? (The temperature inside the greenhouse rises
faster than the temperature outside.)

3. Identify the control in this activity and the experiment. (The thermometer
inside the greenhouse represents the experimental portion of this project;
the thermometer outside represents the control portion.)

Post-Lab Discussion

1. Relate your experiment to the Earth’s greenhouse effect. (Like the lass 
walls of a greenhouse, the greenhouse gases in Earth’s atmosphere 
prevent heat from escaping into outer space.)

Figure 3
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Pre-Visit Activity: Junior High School

INTERPRETING A BAR GRAPH: What is Happening to the Global Average 
Temperature?

Concept: * studying trends in the Earth’s climate

Skills: * reading and interpreting a graph

Introduction:

The increasing use of fossil fuels to fire our factories and utility plants and
power our vehicles has resulted in a buildup of greenhouse gases in Earth’s
atmosphere. One consequence of  intensifying the natural greenhouse effect
through increased output of these gases may be global warming.

Is there evidence to show that Earth’s average temperature is increasing?
Study the graph (Figure 1—The Ten Warmest Years Since 1880) and then
answer the questions which  follow.

Figure 1

1. Identify the type of graph you are looking at. (Bar graph.)

2. During which years was the average worldwide temperature the highest
on record? (1990 and 1995.)

3. List the years during the period from 1985 to 1996 which are included
among the 10 warmest years since 1880. (1987, 1988, 1990, 1991,
1994, 1995, 1996.)
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4. List the years from 1985 to 1996 which are not included among the 10
warmest years since 1880. (1985, 1986, 1989, 1992, 1993.)

5. Which one of the following statements is true? Correct the false state-
ments to make them true.

a. The average worldwide temperature for 1987 was the warmest ever
recorded. (False. 1990 and 1995.)

b. The average worldwide temperature in 1981 was 59.51˚F.
(False. 59.70˚F.)

c. The ten warmest years on record since 1880 have come
during the period from 1980 to 1996. (True.)

6. What trend in world temperature is shown on the graph? (There has
been a recent upward shift in average world temperatures during the
past 1 5 years.)

7. Why are scientists concerned about the warming trend? (A continued
warming trend could cause sea levels to rise, lead to more droughts or 
floods in some areas, modify habitats, alter food webs, and cause the 
extinction of some species.)

8. Do you think the data on this graph are evidence that global warming is
occurring? Explain your answer. (We cannot be certain, based on the
data from this graph, that global warming is taking place due to our
activities. However, if this warming trend continues for many more years,
we may be able to state with more certainty that such a trend is evidence 
of global warming.)

9. Study the graph below (Figure 2) called Atmospheric Temperature
Record from Antarctic Ice Core. What trends in average temperature
have occurred during this period? (The average global temperature
has fluctuated.)

10. Based on information from the past, such as temperature information
found on this graph, some people assume that temperature fluctuations
are normal and that the current warming trend will neither be great
enough nor last long enough to produce serious threats, and that it is
not urgent to take measures to reduce greenhouse gas emissions. Why 
is it easy to take this position based on information from this graph?
(During the past 160,000 years temperatures have fluctuated widely.
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Figure 2

Pre-Visit Activity: Junior High School

EXPERIMENT: Using Solar Energy

Concept: * some alternate energy sources do not release
* greenhouse gases.

Skills: * observation
* experimentation
* data collection

Materials: radiometer
flask
1-hole rubber stopper
thermometer
petroleum jelly
sunny window or a 150-watt light source

Introduction:

When fossil fuels burn, carbon dioxide is released. Over the last century,
increasing human population combined with a significant expansion in indus-
try and motor vehicle use in many countries have brought a larger demand for
energy. The burning of fossil fuels like coal and petroleum to meet this demand
has resulted in an increase in atmospheric carbon dioxide. Buildup of carbon
dioxide causes more heat to be trapped in Earth’s atmosphere. As a result, sci-
entists believe that the Earth may grow warmer.
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This warming may cause more evaporation and precipitation so that some
regions may become wetter and others drier. The temperature of the water in
the oceans may rise, causing the water to expand, and glaciers may melt. Both
trends would contribute to a rise in sea level. Higher temperatures may change
the areas where crops grow best. Such a warming, if it occurs, could have wide-
spread disruptive effects.

If we could produce more of our energy from renewable energy sources such
as the sun, wind, or biomass, we could reduce the amount of fossil fuels
burned and thereby slow global warming.

This activity demonstrates how solar energy can be used to heat water and
spin the blades of a radiometer.

Procedure:

Refer to Figure 1 as you set up your experiment.

1. Pour water into a flask to a depth of about 2 inches.

2. Insert a thermometer into the opening of a 1-hole rubber stopper.
(Caution: Do not try this step until your teacher has demonstrated the
proper technique.)

3. Insert the 1-hole rubber stopper containing the thermometer into the
flask. Make sure the flask is sealed and that the bulb of the thermome
ter is in the water.

Figure 1
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4. Place the sealed flask in a sunny window, or about 1 inch away from
a 150-watt light source. (Use the light source only if sunlight is not
available.)

5. Record the temperature of the water at the beginning of the experiment
and every 10 minutes thereafter. Enter the temperature readings on the
data table found below.

Time Temperature Reading

Start

10 min.

20 min.

30 min.

(Data will vary.)

Describe what happens to the temperature of the water during the course of
the experiment. (It rises.)

6. Ask your teacher for a radiometer (Figure 2). Place the radiometer in
front of a 150-watt light source and describe what happens to the
blades. (They spin around.) Explain why the blades spin around.
(A radiometer is a device which converts light energy into mechanical
energy.) Locate the blades inside the radiometer. Each blade has a light
and a dark side. When a radiometer is placed in front of a bright light
source, the blade’s light side reflects the light and the blade’s dark side
absorbs most of the light and converts it to heat. The dark side emits
this heat as a longer wave or infrared radiation, a form of energy invisi-
ble to the human eye. The air molecules inside the radiometer absorb

Figure 2
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the infrared radiation. This warms them and causes these molecules to
move more rapidly. The rapidly moving molecules push against the
blade’s dark side and move it.

Conclusions:

1. What are some possible uses for solar energy? Look at the results of
your experiment to help you answer this question. (Heating water,
heating homes.)

2. Why is solar energy safer for the environment than energy obtained
from fossil fuels? (No greenhouse gases enter the atmosphere.)

3. Describe other alternate energy sources. List the advantages and
disadvantages of each. Use resources in your school library to help you
answer this question. (Wind, geothermal, hydroelectric, the tides and
nuclear energy are alternate energy sources. Nuclear energy does not
produce carbon dioxide wastes, but a nuclear plant could leak radiation
into the environment and produces radioactive waste. )

4. Solar energy is now being used in some places to generate electricity.
Do some research to find out where and how this is done.
(Answers will vary.)

5. Design an invention which can be powered by solar energy.
Describe how it would work. (Answers will vary. An example is the
solar cell.)
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Pre-Visit Activity: High School

EXPERIMENT: How Can We Demonstrate that Green Plants Remove Carbon
Dioxide from the Atmosphere?

Concept: * the Earth recycles some of its resources naturally

Skills: * observation
* experimentation
* identifying a control

Materials: bromothymol blue solution (a carbon dioxide indicator)
3 test tubes
rubber stoppers
drinking straws
test-tube stands or beakers
sprigs of Elodea (a water plant commonly sold in

aquarium supply stores)

Introduction

Earth is the only planet in our solar system surrounded by an atmosphere
able to sustain life as we know it. The presence of relatively small amounts of
greenhouse gases, such as carbon dioxide, keeps Earth’s average temperature
at a life-supporting 59˚F (15˚C). Venus has a very dense atmosphere consisting
mainly of carbon dioxide gas. As a result of the greenhouse effect and the prox-
imity of Venus to the sun, the average surface temperature there is a scorching
900˚F (480˚C).

This experiment demonstrates the process by which plants remove carbon
dioxide from Earth’s atmosphere. Without it, the amount of carbon dioxide in
the atmosphere would rise.

Procedure:

Refer to Figure 1 for procedure.

1. Fill three test tubes with a dilute bromothymol blue solution.
Bromothymol blue is a chemical indicator that changes from blue
to yellow in the presence of carbon dioxide.

2. Use a drinking straw to blow bubbles into each test tube, transferring
carbon dioxide from your breath into the bromothymol blue solution.
Notice that the carbon dioxide which you exhale causes the bromothy-
mol blue to turn yellow. WARNING: NEVER LET BROMOTHYMOL
BLUE GET INTO YOUR MOUTH!

3. Put a sprig of Elodea, a water plant, into two of the three test tubes.
Seal each test tube with a rubber stopper.

4. Put one test tube with Elodea into a closet. Put the other test tubes on
the windowsill, exposed to sunlight.

5. Examine all 3 test tubes each day for 4 or 5 days.
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Figure 1

Results

On what day did you observe a change? Describe any change that takes place.
(Answers will vary. Within 3 or 4 days the bromothymol yellow should turn to blue.)

Conclusions

1. As a result of what process do green plants remove carbon dioxide from
the water or from the air? Write the chemical formula for this process.
(Photosynthesis. Carbon dioxide + water →(in the presence of light) 
glucose + oxygen.)

2. Explain the yellow-to-blue color change of the bromothymol solution in
the test tube on the windowsill. (Carbon dioxide was absorbed by the
Elodea during photosynthesis.)

3. If people continue to cut and burn forests, how will that affect concen-
trations of carbon dioxide in the atmosphere? Explain why. How would it
affect global warming? (The leaves on trees absorb carbon dioxide from
the atmosphere during photosynthesis. Trees use the carbon from the
carbon dioxide to build their cells. When they are cut and burned, the
carbon is released back into the atmosphere as carbon dioxide, increas-
ing its concentration in the air. Carbon dioxide is a greenhouse gas; 
therefore, as the level of carbon dioxide increases so does the tempera-
ture of the atmosphere.)

4. What was the purpose of the test tube without Elodea? (Control demon-
strating that sunlight alone was not responsible for the color change
from yellow to blue.)

5. Why did you place a test tube in the dark closet in this experiment?
(This acts as the control proving that photosynthesis will take place only
in the presence of light.)
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Pre-Visit Activity: High School

EXPERIMENT: How Can We Demonstrate that Rocks Store Carbon?

Concept: * the Earth stores a large amount of carbon in rocks

Skills: * observation
* experimentation
* using an indicator

Materials: marble chips
dilute hydrochloric acid
generating bottle
2-holed rubber stopper
thistle tube
piece of rubber tubing
limewater

Introduction

Through a complex chemical process, carbon dioxide is stored in rocks in the
Earth’s crust. When green plants decay in the soil, carbon dioxide molecules
are released. These molecules dissolve in fresh water, such as rain and lakes,
and in oceans, forming carbonic acid. Carbonic acid dissolved in rain weathers
calcium feldspar rocks, yielding ions of calcium and bicarbonate, and clay min-
erals. The dissolved ions reach the ocean in river water. Marine algae and mol-
lusks extract carbonic acid and calcium from ocean water and make calcium
carbonate that is deposited on the sea floor or incorporated into shell material.
The calcium carbonate, or calcite, eventually may be incorporated into lime-
stone or marble rocks.

In this experiment you will add hydrochloric acid to marble in order to
release the carbon that the marble contains. Remember that in nature some
carbon dioxide is liberated from marble, chiefly by intense heating in volcanic
areas, and not through the dissolving action of hydrochloric acid.

If all the carbon stored in limestone and marble were to enter the atmosphere
as carbon dioxide, Earth’s temperature would increase dramatically, creating an
environment unsuitable for life. Explain why this would happen. (Carbon diox-
ide is a greenhouse gas. As the level of carbon dioxide in the atmosphere increas-
es, so does the temperature.)
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Procedure

1. Add some marble chips to a generating bottle. Place a thistle tube and
a piece of rubber tubing into a 2-holed rubber stopper. Now use the
2-holed rubber stopper to seal the generating bottle. Look at Figure 1
to help you set up this project.

2. Insert a glass tube into the free end of the rubber tubing. Then place
the glass tube into a beaker containing some limewater. Limewater is
an indicator which turns from clear to cloudy when carbon dioxide
is present.

3. Add a small amount of limewater to a small test tube. Using a drinking
straw, blow bubbles into the test tube, transferring carbon dioxide from
your breath into the limewater. Notice that the carbon dioxide which you
exhale causes the limewater to turn from clear to cloudy.

4. Pour enough dilute hydrochloric acid through the thistle tube into the
generating bottle to cover the marble chips.

Figure 1

Conclusions

1. Describe what takes place when hydrochloric acid mixes with the marble
chips. (Bubbles of gas appear.)

2. What gas passes through the rubber tube from the generating bottle to
the beaker? What enables you to identify the gas? (Carbon dioxide.
The limewater turns cloudy.
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3. A large quantity of Earth’s carbon is locked up in its crust in limestone
rock. How does this help maintain the proper atmosphere needed to
sustain life? Hint: What would happen if carbon were not locked up in
the rocks and entered the atmosphere as carbon dioxide? (Large quan-
tities of carbon dioxide entering the atmosphere would result in severe
global warming, possibly creating an atmosphere like that on Venus.)

4. Instead of using marble chips in your experiment, you could have used
crushed sea shells. Why can you substitute one for the other? (Sea
shells contain calcium carbonate. The shells eventually settle to the
bottom of the ocean, forming the sedimentary rock called limestone from
which marble is formed.)

Pre-Visit Activity: High School

INTERPRETING INFORMATION: Analyzing Data about Earth’s Climate—
Past, Present and Future

Concept: * reading and interpreting data about the greenhouse gases

Skills: * reading and interpreting different types of graphs

Introduction and Procedure

The following questions are among the many that scientists, business people,
and government officials are asking about the greenhouse effect and global
warming.

1. What evidence indicates that Earth is warming?

2. Will the consequences of global warming be disastrous for our planet?

3. Should we take steps now to avoid the consequences of problems we
do not fully understand?
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Graph 1

To answer the first question, scientists have been collecting data. The graphs
below show data relating time, concentrations of greenhouse gases, and temper-
ature. Use information from these graphs to answer the questions that follow.

1. Since 1958, what has happened to the amount of carbon dioxide in
the atmosphere? (It has increased.) What might have caused this
increase? (Human activities.)

2. The annual fluctuations in carbon dioxide levels reflect seasonal
variations. What might be the cause? (During the summer, carbon
dioxide is removed from the atmosphere by green plants during
photosynthesis. In winter, photosynthesis is greatly reduced in
temperate and polar climates. However, carbon dioxide still enters the 
atmosphere as a result of respiration and decay of plants and animals,
thereby increasing its concentration in the atmosphere.)

3. In 1960, during the winter months, what was the approximate concen-
tration of carbon dioxide in the atmosphere? in the winter of 1972? in
the summer of 1989? (319 ppm, 328 ppm, 354 ppm.)
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Graph 2

4. What levels of carbon dioxide, methane and nitrous oxide are projected 
for the year 2035? (450 ppm, 2.5 ppm, .35 ppm.)

Graph 3

5. What greenhouse gas is projected to contribute the most to possible
global warming? (Carbon dioxide.)
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Graph 4

6. Which statement concerning the changing pattern of global carbon
dioxide emissions is true?
a. In 1950, North America was responsible for 27% of worldwide

carbon dioxide emissions from energy use. (False. 45%.)
b. In 1990, North America was responsible for 45% of worldwide car

bon dioxide emissions from energy use. (False. 24%.)
c. The portion of worldwide carbon dioxide emissions from energy use 

released by both North America and Western Europe has shown a 
decrease in 1990 as compared with 1950. (True.)

d. The developing countries have reduced their portion of worldwide
carbon dioxide emissions from energy use from 1950 to 1990. 
(False. They increased their portion of worldwide carbon dioxide
emissions.)

7. Do you think steps should be taken to reduce the rise in atmospheric
carbon dioxide? Why or why not? (Answers will vary. For example, some
students may suggest that steps be taken to curtail carbon dioxide
emissions so as to preserve the environment.)


