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Life on Earth would be impossible without 
the atmosphere.  It contains oxygen and other 
gases essential for plants and animals.  The 
atmosphere protects us from the Sun’s harmful 
rays and acts like a blanket to keep our planet 
at a livable temperature.  There is, however, 
some disturbing evidence that the heat-trapping 
property of our atmosphere is changing.

Changing Climate is about scientific research 
that is going on today.  Research on our planet’s 
climate is of such importance that whenever a new 
discovery is made, or a new theory is proposed, 
a story about it is carried in major newspapers.  
Among the most frequent topics appearing in the 
press during the past decade are global warming 
and the greenhouse effect.  

Global warming refers to the fact that over 
the past century the average temperature of Earth 
has been gradually increasing.  Nobody knows 
for certain if this trend will continue, and if it 
does, how much the temperature will rise.  This 
is cause for concern because a further increase in 
Earth’s temperature may disrupt global systems 

1. What Is the Greenhouse Effect?  

Life on Earth is possible 
because our atmosphere 
keeps our planet warm.  
This warmth is due to 
the “greenhouse effect,” 
which is a natural 
phenomenon. 

Photo of New Guinea 
lowlands by  
Reginald Barrett.

worldwide, with effects ranging from more intense 
storms and floods in some regions to droughts and 
heat waves  in others.

Major changes are not expected to occur 
tomorrow, or the day after tomorrow, or possibly 
even within our lifetime.  The issue is rather how our 
actions today will affect the world of our children 
and grandchildren.

Despite the importance of global warming, many 
people are not aware of it, or have misconceptions.  
For example, some people believe that global 
warming is caused by the “hole” in the ozone layer, 
while others think it’s caused by black soot billowing 
from smokestacks.  Neither is true.  It’s a little more 
complicated, and has to do with something called 
the “greenhouse effect.”

The greenhouse effect is a natural phenomenon 
that makes our blue-green planet hospitable for 
life.  The effect is caused by certain invisible 
gases—called greenhouse gases—in the atmosphere.   
Without those gases, which keep Earth warm, our 
planet would be a frigid ball of ice.  

Chapter 1
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The reason many scientists 
believe the average temperature 
of Earth will continue to warm 
is because the concentration of 
greenhouse gases is increasing as 
a result of human activities. So, 
to understand the reasons why the 
globe may be warming up, and to 
predict what may happen in the 
future, we first have to understand 
the greenhouse effect. 

Research is taking place today at such 
far off places as this research station in 
Greenland where information on past 
climates is gathered by drilling down 
through layers of ice.  A similar  
project is in progress on the opposite 
side of the world, in Antarctica.

Understanding the Greenhouse Effect
Most of Earth’s atmosphere consists of nitrogen and oxygen.  These gases 

allow sunlight to pass through them.  They do not absorb heat from the Sun.  
However, the atmosphere also contains other gases that absorb heat.  Sunlight 
warms them.  Among these gases are carbon dioxide, water vapor, and methane, 
all of which existed in the atmosphere long before there were human beings, 
and are responsible for giving Earth a warm, comfortable climate.  How do they 
do this?  A simple greenhouse provides a clear analogy.

A.   S un l i gh t 
consists of visible light and heat rays (called 
infrared energy).  When sunlight falls on  the 

glass window of a greenhouse, the visible          
light passes through, but some of the heat 

rays are absorbed, warming the glass.  The 
rest of the heat rays pass through the glass 
and warms the soil and plants inside.

B. As the soil and plants warm, they 
give off heat (infrared energy). 
This heat energy is absorbed by the 
glass windows of the greenhouse, 
warming the interior even more.  
(You can feel heat energy if you 

put your hand next to any 
object that has been in the 
Sun all day.)

C. As the windows of the greenhouse warm, they 
also give off heat energy.  Some of that energy 
escapes to the air outside, but some of it goes 
back into the greenhouse to warm the plants 
and soil even more.
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A. Energy from the Sun warms 
the atmosphere and the 
surface of Earth. 

B. The warm soil, rocks, and water 
on Earth’s surface give off heat 
energy, warming carbon dioxide 
and other greenhouse gases in 
Earth’s atmosphere.

C. Some of the heat energy escapes from 
the atmosphere into space, but some of 
it returns to Earth to warm it further.

The interior of the greenhouse gets warmer 
and warmer, until finally the amount of heat that 
escapes to the outside air equals the amount of 
heat flowing into the greenhouse from the Sun 
and the warm glass window.

You may be familiar with this effect when 
you enter a car that has been in the sunlight for 
a few hours with the windows closed.  The glass 
windshield traps heat, so the air inside the car is 
warmer than the air outside the car. 

Earth’s Greenhouse Effect
There are two ways in which this effect in 

the greenhouse and car is different from what 
occurs in Earth’s atmosphere.  First, imagine you 
open the door to the greenhouse (or car).  Warm 
air rushes out and is replaced by cooler air.  This 
exchange of air is what cools the greenhouse.  Can 
you imagine cooling Earth this way?

Who Discovered the Greenhouse Effect?

Second, in a greenhouse, the special heat-
trapping material—the glass—is a solid surrounding the 
greenhouse.  In the atmosphere, carbon dioxide, water 
vapor, and methane are spread thinly throughout the 
atmosphere.  

In other words, Earth heats up like a greenhouse, 
but it is not actually a greenhouse. Because the carbon 
dioxide, water vapor, and methane act like the glass 
in a greenhouse, they are called greenhouse gases.

 The diagrams on this page illustrate the 
greenhouse effect in Earth’s atmosphere.  Compare 
it with the illustrations on the previous page to see 
how Earth’s atmosphere system differs from an actual 
greenhouse.

In a sense, the greenhouse gases act like a 
blanket, trapping heat energy near Earth’s surface.  
These gases keep Earth’s surface about 33°C  (60°F) 
warmer than it would otherwise be.  

If there were no greenhouse gases in our 
atmosphere, our entire planet would be so much 
colder than it is today—the oceans and all water would 
be completely frozen.  

Liquid water was very important in the origin 
of life on Earth.  If there were no greenhouse effect, 
it is likely that life—including us, of course—would 
not exist.

More than 100 years ago, Jean Fourier realized 
the atmosphere possessed heat-trapping properties.  
He coined the term greenhouse effect to refer to 
the idea that the atmosphere acted somewhat like 
the glass walls of a greenhouse, allowing sunlight 
to enter but preventing some of the heat energy 
escaping into space.  This effect is due to the water 
vapor, methane, and carbon dioxide that exist 
naturally in the atmosphere.  

For billions of years a certain level of carbon 
dioxide has been maintained in the atmosphere.  

Carbon dioxide was added to the atmosphere 
naturally by volcanic action, animal respiration, 
and the decomposition and burning of forests.  
Carbon dioxide was also removed naturally from 
the atmosphere by absorption in the oceans, or it 
was incorporated into trees and other plant life. 
In this way a balance was maintained.

In 1896, the Swedish chemist Svante 
Arrhenius, who was familiar with Fourier’s 
ideas, published an article with dire predictions.  
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Arrhenius knew the capacity of the 
atmosphere to trap heat was due to 
the greenhouse gases that existed 
naturally in the atmosphere.  He was 
also aware the concentration of one 
of those gases, carbon dioxide (the 
same invisible gas that makes bubbles 
in soft drinks), was increasing.    He 
decided this increase in carbon dioxide 
in the atmosphere was a result of the 
way merchandise was being produced 
—the industrial revolution was under 
way—irreversibly affecting society and 
the environment.

The industrial revolution is the name given to the changes in the production 
of goods and means of transportation that began when the steam engine 
substituted steam power for muscle power.  In 1769 the first practical steam 
engine was patented by the Scottish instrument maker James Watt.  Although 
no one knew it at the time, this invention started the industrial revolution.

Prior to the industrial revolution animals and men were the basic sources 
of energy.  Inventions like the steam engine made large factories possible and 
changed the landscape of our country from farms and small towns to huge 
cities with industrial areas connected by rails and highways.   By the time of 
Arrhenius, vast quantities of coal were routinely burned to provide energy to 

run factories.  As a result, air pollution was 
becoming a problem throughout Europe.  

Arrhenius realized that when coal burned 
it released not only thick black smoke; it also 
released the invisible gas, carbon dioxide.  He 
also realized that vast quantities of carbon 
stored in the coal for millions of years was now 
being released into the atmosphere as CO2. 

Based on his knowledge of the properties 
of carbon dioxide, and Fourier’s ideas about 
the greenhouse effect, Arrhenius predicted 
the concentration of carbon dioxide in Earth’s 
atmosphere would eventually double, and 
when it did, the result would be an increase 
in average global temperatures of up to 5°C 
(9°F).  

While the addition of just a few degrees 
may not seem like much compared with the 
natural greenhouse effect of 33°C (60°F), the 
effect of such a change on human society can 
make a huge difference.

Hot lava from a volcano 
reaches the sea.  In 
addition to hot lava 
and ash, volcanoes 
release huge quantities 
of carbon dioxide gas.  
Volcanoes have been a 
natural source of carbon 
dioxide on our planet for 
billions of years.

Since human beings began burning fossil fuels, they have added more 
carbon dioxide to the atmosphere each year.  In the refinery shown here, 
petroleum that was buried for millions of years is turned into gasoline 
and other fuels.  When these fuels are burned, they release carbon dioxide 
gas. We can control air pollution to some extent with cleaner fuels 
or filters, but we cannot reduce production of carbon dioxide and the 
prospect of global warming, unless we burn less coal, oil, and gas.

For new material relating to this chapter, please 
see the GSS website “Staying Up To Date” page: 
http://lhs.berkeley.edu/gss/uptodate/2cc/2cc.html
We invite you to send us new articles for the 
"Staying Up To Date" web page for this chapter.  

Articles may be from local newspapers, magazines, websites, 
or other sources that you think would be of interest to 
classrooms around the country. To send us articles please go to 
the link http://lhs.berkeley.edu/gss/uptodate/newarticle.html 
and find the "Submit New Article" button. 

http://lhs.berkeley.edu/gss/uptodate/2cc/2cc.html
http://lhs.berkeley.edu/gss/uptodate/newarticle.html
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2. What Is Global Warming?
The worldwide drought of 1988, accompanied 

by tremendous forest fires, floods, and a super 
hurricane, caught people’s attention.  It was in the 
midst of that hot summer that James Hansen, a 
reputable NASA scientist, testified before Congress 
that he was “99% confident” the globe was heating 
up. Later, Hansen said the warming was probably due 
to an increased greenhouse effect, brought about by  
the production of huge amounts of carbon dioxide 
gas from burning fossil fuels in cars and power plants 
around the world.   

In coming to his conclusion that Earth is 
warming, Hansen used data collected since 1866—
when systematic temperature measurements began 
at a large number of sites around the world.  A graph 
of the data he presented is on the next page.  Each 
point on the graph represents the yearly average 
of the temperature taken at hundreds of sites 
around the world in that year.  The average global 
temperature varies a lot from year to year but, 

overall, it is warmer today than it was 130 years 
ago.

Climatologists—scientists who study long-term 
changes in weather patterns—are concerned about 
the prospect of global warming.  Their predictions 
include rising sea levels, which would submerge 
coastal areas; increased droughts and forest fires; 
and floods.  While some countries with cold climates 
would benefit from a warmer world, most countries 
would suffer serious disruption.

But not all climatologists agreed with James 
Hansen’s conclusions.  Scientists are skeptics.  
They demand hard evidence, carefully examined 
and tested, before they will accept a hypothesis 
and trust its conclusions.  Such caution is a very 
important aspect of science, and controversy can 
continue for years or decades until a consensus of 
opinion is eventually reached. In the years since 1988 
there have been many research studies conducted 
on global climate change.

Chapter 2
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According to the International Panel on 
Climate Change (IPCC), Svante Arrhenius was 
not far off the mark.  The U.N. panel concluded 
that if we do not reduce the rate at which we 
burn fuels for energy in homes, industries, cars, 
and trucks, the amount of carbon dioxide in the 
atmosphere will double by the year 2100, causing 
the average global temperature to increase by 
1°C  to 3.5°C.

An increase of 1°C may not seem like much 
since we usually think in terms of weather—the 
day-to-day change in local conditions.  However, 
the United Nations panel predicts a change in the 

Source:  NASA Goddard Institute for Space Studies (http://www.giss.nasa.gov)

global climate, which is the temperature of our 
entire planet averaged over 30 years.  The report 
goes on to predict that a change in Earth’s climate 
is likely to seriously affect the lives of people, 
plants, and animals.

The long time span is also difficult to grasp.  
It is hard for us to think a few months in advance, 
let alone worry about what may happen a 100 
years from now.  However, our children and 
grandchildren will have to live in that world.  
While people may well be able to adapt to the 
changing climate, plants and animals will have a 
much more difficult time.

Average Global Temperature 1866–1998

http://www.giss.nasa.gov
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Investigation

How has the debate changed in  
the past 10 years?

Compare and contrast the information about global climate change 
as detailed in the newspaper articles on the next pages from 1989 and 
1999.  If you can, go to a library and search for other articles about global 
climate change.  Look for evidence of consensus, as well as the comments 
of individual scientists.

Now read the next newspaper, and discuss these 
questions.
2.6   Has the data collected between 1989 and 

1999 more strongly supported Hanson or 
Karl and Barnett?

2.7   What disagreements are cited in this 
article?

2.8   Based on this article, as of 1999, did most 
scientists believe global warming was 
under way?

2.9   See if you can find a more recent article 
about the global warming controversy.  
What do most scientists believe today?   
What controversies are cited in the more 
recent article?

2.10 In your opinion, were Hansen’s conclusions 
justified at the time?   
Does the evidence support his views 
today?

QUESTIONS
Read the first newspaper story, and discuss the 
following questions.
2.1  Imagine you’re in the audience in San 

Francisco when the scientists made their 
presentations.  James Hansen is not 
quoted.  Based on the descriptions in the 
article and earlier in this chapter what do 
you think he said?

2.2  What do Tim Barnett and James Hanson 
agree about?   
What do they disagree about?

2.3  What does Tim Barnett mean by the 
statement, “Global averages [are] an 
absolutely bogus concept”?

2.4 On what basis does Thomas Karl disagree 
with Hanson?  What does Hanson say about 
Karl’s analysis?

2.5  Based on this article, as of 1989, did most 
scientists believe global warming was 
under way?
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S.F. Forum on Global 
Warming Hears Heated 
Scientific Debate

By Charles Petit, The San Francisco 
Chronicle

Scientists differed sharply yesterday 
whether the greenhouse effect is already 
warming the planet—and a few doubted 
the widely believed forecasts of climate 
catastrophe in the next century.

At a meeting of the American 
Geophysical Union in San Francisco’s 
Civic Auditorium, there was a rare public 
confrontation between a prominent 
scientist warning that global warming is 
already under way and threatens to wreak 
havoc in the next century, and other 

In the news 1989

Excerpted from The San Francisco Chronicle, December 7, 1989, page A18

averages sucks, guys.”  Barnett told the morning meeting 
of several hundred climate experts.

Hansen responded that his own analysis of the same 
data used by Karl not only confirms a global warming, 
but suggests the United States has warmed by up to half 
a degree in the past century.  He said Karl “made an 
embarrassing mistake” in not using the data correctly.

Hansen got powerful support from a mathematician’s 
detailed statistical analysis of variations in global 
temperatures for the past 100 years.  

Statistically, the chances that the carbon dioxide is 
not causing warming are about 2 in 1 million, said David J. 
Thompson of the Mathematical Sciences Research Center 
at AT&T Bell Labs in New Jersey.  “It looks like cause and 
effect to me,” he said.

Greenhouse doubter Barnett said that he shares 
Hansen’s view that the future does not look good.  “Most 
scientists agree that if we put most of the stuff into the 
atmosphere (that is predicted), we will have a real climate 
problem . . . a climate regime that human civilization has 
never seen.”

The session moderator, H. Frank Eden of the Joint 
Oceanographic Institutions, said, “We may not agree that 
we can already see the warming, but most of us believe 
in the general idea of the greenhouse effect.”

James HansenTim Barnett

repeated the assertion he made to Congress a year ago 
that he is 99 percent certain that the globe will warm 
dramatically, by 3 to 9 degrees Fahrenheit, during the next 
century.  This is a faster rise than any known in geologic 
history, and would make the Earth hotter than it has been 
in 100,000 years.

But a small band of researchers believe Hansen in 
particular, and many others, are making forecasts that go 
beyond the evidence.

Thomas R. Karl, of the National Oceanic and 
Atmospheric Administration research center in North 
Carolina, said Hansen’s main contention that warming has 
already begun is not backed up by temperature records 
going back to 1850. 

Last year Karl said that when temperatures dating 
back to the turn of the century are studied, and corrected 
for generally warmer readings in industrial areas, there 
is no long-term trend leading upward.

Climatologist Tim P. Barnett of the Scripps Institute 
of Oceanography in San Diego joined Karl in the criticism.  
His graphs and plots suggest that natural oscillations in 
global temperature are so large that they would conceal 
any signal that the warming had already begun.

Barnett took a hard shot at Hansen’s use of global 
temperature averages as evidence for accuracy of 
computer predictions.  Global averages, he said, are “an 
absolutely bogus concept . . . to be real blunt about it, 
to use Southern California surfer jargon, (use of) global 

researchers who say it is too early to tell.

It is a controversy certain to heat up as scientists measure the shifting chemistry 
of the atmosphere, tune computer models of the world’s ocean, clouds, and winds, and 
analyze unreliable temperature records from the last century.

James Hansen, director of the NASA Goddard Institute for Space Studies in New York, 
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Earth’s Temperature Shot  
Skyward in 1998

In the news 1999

Excerpted from Science News,  January 2, 1999, page 

A separate analysis, completed by NASA’s Goddard 
Institute for Space Studies in New York, also has 1998 
setting a temperature record by a wide margin, says   
James E. Hansen of the institute. 

Climate researchers trace part of the heat to the     
El Niño ocean warming, which first started developing 
in mid-1997 in the Pacific.  El Niño faded in May 1998, 
turning the tropical eastern Pacific cool, but temperatures 
remained elevated in many other ocean regions.  In 
particular, the year brought “unprecedented warmth” to 
the Indian Ocean, according to WMO.

All the continents baked in 1998 except for northern 
parts of Europe and Asia.  The southern United States 
faced extreme heat and drought during spring and summer.  
In central Russia, a June hot spell killed more than 100 
people and fed large fires, WMO reports. 

With El Niño now only a memory in the Pacific, 
Parker expects the globe to cool off in 1999, although 
probably not back to the 1961 to 1990 base line.  The globe 
has warmed markedly during the past decade, so much so 
that 7 of the 10 warmest years on record occurred after 
1990.  All of the top 10 postdate 1983.

The recent warmth amplifies concerns that 
greenhouse gases are turning up Earth’s thermostat, 
according to some researchers.  A United Nations 
consensus panel* announced in 1995 that the balance of 
evidence suggests people are influencing climate.  Now, 
says Parker, “the balance is tipping a bit further in that 
direction.”

Greenhouse skeptics point out that the lower 
atmosphere up to 7 kilometers has not warmed over 
the last 20 years, since satellites started making 
measurements.  These readings showed substantial 
warming in early 1998, but atmospheric temperatures 
later fell back to the 20-year average, says John Christy 
of the University of Alabama in Huntsville, who analyzes 
the satellite data.

Still, people are most concerned about Earth’s 
surface, which has warmed by almost 0.7°C since the 
end of the 19th century, according to WMO.  The hot spell 
of the past two decades may be unprecedented in the 
last 1,200 years, according to Jonathan T. Overpeck of 
the National Oceanic and Atmospheric Administration in 
Boulder, Colo., who discussed historical climate data last 
month at a meeting of the American Geophysical Union 
in San Francisco.  

When Overpeck compiled work by scientists who 
have examined tree rings, glaciers, and sediments from 
lakes and oceans, he found no evidence for the existence 
of a global warm spell during the Medieval period—a time 
that climatologists once regarded a universally balmy.  
While Europe and Greenland were warm during this 
phase, South America, Antarctica, and Australia were not.  
Overall, he says, that time was not as warm as today.

*  The International Panel on Climate Change (IPCC) 
includes approximately 2,500 scientists, including Tim 
Barnett and Thomas Karl.

By Richard Monastersky, Science News

Global temperatures in 1998 shattered the record high mark, 
making last year the warmest since at least 1860, and possibly since 
the end of the last millennium.  El Niño deserves part of the credit, 
say climate scientists, but some researchers also see signs that 
people are helping to push temperatures into uncharted territory.

The World Meteorological Organization (WMO) in Geneva 
announced last month that the mean surface temperature of the 
globe in 1998 reached 0.58°C above a base line average for the 
period from 1961 through 1990.  For climatologists, who worry about 
global changes in hundredths of a degree, last year’s warmth stands 
out like a Himalayan peak.  

“It’s quite large.  It represents several days’ lengthening 
of the growing season,” says David Parker of the United Kingdom 
Meteorological Office’s Hadley Centre in Bracknell.  The Hadley 
Centre and the University of East Anglia in Norwich supplied much 
of the analysis in the WMO statement, which includes data through 
mid-December.  The British groups combine surface-temperature 
measurements made at more than 1,000 land meteorological stations 
with readings of sea-surface temperature from almost 2,000 ships 
and buoys.  
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Investigation

Caption Writers

Image C Image D

Image BImage A

These four images are related 
to consequences of climate change.  
 Write a caption for each image 
to explain how it is related to the 
prediction that Earth is warming.

For new material relating to this chapter, please 
see the GSS website “Staying Up To Date” page: 
http://lhs.berkeley.edu/gss/uptodate/2cc/2cc.html
We invite you to send us new articles for the 
"Staying Up To Date" web page for this chapter.  

Articles may be from local newspapers, magazines, websites, 
or other sources that you think would be of interest to 
classrooms around the country. To send us articles please go to 
the link http://lhs.berkeley.edu/gss/uptodate/newarticle.html 
and find the "Submit New Article" button. 

http://lhs.berkeley.edu/gss/uptodate/2cc/2cc.html
http://lhs.berkeley.edu/gss/uptodate/newarticle.html
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The Intergovernmental Panel on 
Climate Change (IPCC) Report:   
The Science of Climate Change

In December 1995, delegates from more than 116 
countries met in Rome, Italy, to give final approval to a 
report on climate change that had been created during 
the previous five years by more than 2,500 scientists.  
The report was discussed line by line, and disagreements 
were argued and debated.  The final report represents a 
broad consensus about climate change.

Overall, the IPCC report shows that many of the 
controversies about global warming have been resolved, 
while others still require further research.  

3. What Is the Controversy About?
One of the disagreements scientists have 

about the theory of global warming and the 
greenhouse effect  is whether the warming 
of Earth’s atmosphere is just a part of the 
natural climate cycle or the result of human 
activities.  If the warming is part of the natural 
cycle, then Earth may become cooler on its 
own.  If, however, human activities are 
responsible, Earth will continue 
to warm, unless people decide 
to do something about 
it—primarily reduce the 
burning of fossil fuels.  But 
change is not easy.

If scientists show 
convincing evidence 
that global climate 
change is actually 
occurring and that it would 
affect all life on Earth, 
policy makers—politicians, 
industry leaders, and social 
planners, among others—might 
consider ways of reducing fossil fuel use, and seek 
alternative energy sources.  Policy makers want 
clear, definite answers.  Scientists, however, are 
skeptics and expressing certainty is not necessarily 
the nature of scientific communication.  

Scientists often challenge prevailing theories 
and widely accepted ideas.  Even when all the 
evidence points in one direction, scientists are 
trained to shy away from absolute commitments, 
because something may have been overlooked.  It 
seems unscientific to say “I’m absolutely certain,” 
but quite acceptable to say “I’m 99% sure.”  
About the best we can expect from scientists is 
consensus—the agreement of nearly everyone who 
works in a given field that something is probably 
true.  And consensus about certain aspects of 
climate change was finally achieved at the end 
of 1995.

The IPCC report is available on the Internet at
http://www.unep.ch/ipcc/

Chapter 3

http://www.unep.ch/ipcc/
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What Is Known About Global Warming?
Scientists who have studied global climate change agree on each of 

these points.

1. The greenhouse gases currently in our atmosphere are responsible for 
keeping Earth warm.  Without these gases, Earth would almost certainly 
be in the grip of the deepest ice age in its entire history.  Life as we know 
it would be impossible.

2. The concentration of greenhouse gases is increasing.  A measurement 
program started in 1956 shows that Arrhenius was correct, and carbon 
dioxide is building up in the atmosphere.  Human activities are increasing 
the concentration of other greenhouse gases as well.

3.  Theories, experiments, computer simulations, and observations of other 
planets converge on the prediction that if the concentration of greenhouse 
gases continues to rise, Earth will warm even more. 

What Are the Controversial Issues?
Controversies, like those reported in the newspaper article on page 

13, have been researched and debated by scientists over the past decade.  
Many of the questions are still unanswered.  However, government officials 
and industry leaders still need to decide what to do, even before all the 
evidence is in.  So it’s especially important for them to keep informed about 
the latest research.  To do that, they need to know what the issues are.

Understanding the questions scientists are trying to resolve is, in fact, 
important for everyone.  Our individual actions may be affecting the climate, 
and climate change may be important to the well being of future generations.  
In addition, controversy in science provides a fascinating “window” on the 
nature of science.  The controversies include the following questions.

•  Is our planet getting warmer? 

•  Has the warming caused any noticeable effects 
so far? 

•  Is the warming observed this century part of a 
long-term natural cycle?

• What is the best explanation for the warming 
observed this century ?

•  When will the concentration of greenhouse 
gases double?

• How warm will it get when greenhouse gases 
double?

•  How will clouds and oceans affect the changing 
climate?

• Will the change in climate be gradual or 
rapid?

• How will life on Earth be affected by global 
warming?

As you read the latest reports on these 
controversies, imagine you are a government 
policy maker—a U.S. representative, senator, 
cabinet member, or even the president of the 
United States.  Based on the latest information, 
what steps do you think are warranted?   Strong, 
moderate, or no action?

•  Strong actions to reduce greenhouse gases, 
such as adding a high federal tax on gasoline 
and oil.  If, as intended, use of these fuels 
lessens, another result could be the loss of 
jobs by people in those industries.

• Moderate actions, such as giving income tax 
relief to those who conserve energy or plant 
trees.

• No action except for continued research.
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Post-1940: Measuring ocean temperature 
with the modern method  

Pre–1940:  
Measuring ocean 
temperature with a 
canvas bucket

Illustrations source: Philip D. Jones and M. L. 
Wigley, “Global Warming Trends,”  Scientific 
American,   August 1990

Is Our Planet Getting Warmer? 

The graph on page 15 shows the 
average yearly temperatures of the entire 
globe from 1866 to 1988.  It was the primary 
evidence on which James Hansen based 
his conclusion that he was “99% confident” 
global warming was already under way.  That 
single graph was the result of many years of 
work by the Goddard team and more than 
a 100 years of effort by meteorologists all 
over the globe.

Hansen’s team at Goddard did not 
simply average results non-critically.  For 
example, they knew that sometimes a 
new thermometer might be installed at an 
observing station, or that the location of 
the thermometer might be moved.  In some 
cases, cities might grow up around a weather 
observing station, and the decrease in the 
local foliage would cause warming near the 
thermometer.  (This is called the urban heat 
island effect.)  To avoid these problems, 
observers graphed results for each station 

over the entire length of the record, and these were 
compared with temperature measurements within a 
few hundred miles.  “Jumps” in the data, or other 
“unreasonable” measurements could then be adjusted 
or eliminated before calculating overall averages.

Other scientists have looked critically at the 
result to see what might be wrong with it. For 
example, Patrick Michaels, a University of Virginia 
climatologist, found that a thermometer on St. 
Helena Island in the South Atlantic had been moved 
down a mountain slope in the 1970s.  The change in 
location gave a false impression of rapid warming, 
said Michaels.  Hansen investigated the claim, found 
it to be true, and made a correction.  Because of 
such findings, the work of improving and updating 
the Goddard data continues to this day.

Hansen’s conclusions were greatly strengthened 
when an independent group of scientists made a new 
survey of world temperatures since 1850.  Philip Jones 
and Tom Wigley—climatologists at the University of East 
Anglia in Norwich, England—used different techniques 
to average the temperature measurements, and 
included many more measurements from the oceans.  
As an example of the kinds of corrections that Jones 
and Wigley needed to make when adding the marine 
measurements, they noted that before about 1940, 
ocean temperatures were measured by hauling up a 
sample of water in a canvas bucket and inserting a 
thermometer in the water.  After 1940, thermometers 
were inserted in engine water-intake pipes.  They 
found evaporation from the canvas bucket lowered 
the temperature, so they had to add 0.8°C to 
measurements made by the old method in order for 
both types of measurements to be comparable.

The IPCC report states that during the past 
century the average global surface temperature has 
increased by about 0.3°C to 0.6°C.  

In summary, scientists have examined millions of 
temperature measurements taken around the world 
over the past century.  Although there have been 
disagreements about the data, the great majority of 
scientists who study climate agree that the surface 
of our planet is warming.
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 QUESTION 3.1
How much of a change in temperature 

is indicated by each data set? 

Are the same trends apparent in 
each one?  

Are there significant differences?

Does the data support the conclusion 
by the IPCC that Earth is warming 
by about 0.3°C to 0.6°C?

Glaciers
Most mountain glaciers are retreating. A 

photograph taken in 1849 of the Rhone Glacier 
in Gletsch, Switzerland, shows a huge river of ice 
slowly creeping down a mountain side.  A photo of 
the same scene today shows a green valley with 
only a small portion of the glacier visible, halfway 
up the mountain.  Similarly, glaciers in Alaska, 
Canada, and northern Russia are retreating. While a 
few glaciers, such as those in Scandinavia, continue 
to advance, most are gradually thawing.

Sea Level
According to the IPCC report, sea levels have 

risen by 10 to 25 cm over the past 100 years.  It is 
very likely that the rise in sea level has resulted 
from the increase in temperature.  First, water 
expands as it warms; and second, as glaciers on 
land melt, their water is added to the world’s 
oceans.

Average Global Temperature Measurements

Source:  NASA Goddard Institute for Space 
Studies in New York (http://www.giss.nasa.gov)

Source: British Meteorological Office and University of East 
Anglia (http://www.cru.uea.ac.uk)

Polar Ice
The permanent ice cover in the Arctic had 

shrunk by 14% in the past 20 years, according to a 
report in the December 3, 1999, issue of Science.  
Other data, collected by submarines, shows the 
Arctic ice sheet to be thinning.  The continent 
of Antarctic appears to be warming even faster.  
In January 1996, the British Antarctic Survey 
reported  five floating ice shelves, attached to 
the Antarctic Peninsula, had shrunk in the past 
50 years. In 1999, a huge iceberg 38 miles long 
drifted into shipping lanes 200 miles south  of 
the southernmost tip of South America. Scientists 
continue to monitor the ice sheets by satellite to 
learn if they are melting further.

Has the Warming 
Caused Any 
Noticeable 
Effects So Far? 

A variety of environmental 
changes have been observed by 
scientists around the globe.  While it 
is still too early to say if the trends will 
continue, they do provide evidence of 
a gradually warming climate.

http://www.giss.nasa.gov
http://www.cru.uea.ac.uk
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Animal Behavior
In Europe, many species of butterflies are 

migrating further northward than usual, wrote 
Camille Parmesan and her colleagues in the June 
10, 1999, issue of Nature.  Two thirds of the 
35 butterfly species they studied had migrated 
northward by 22 to 150 miles. 

In addition to these careful studies there 
have been major climatic events that may 
be attributed to increasing temperatures.  
These include devastating storms and floods in 
Bangladesh in 1991, droughts and the resulting 
famines that have killed millions in sub-Saharan 
Africa, and heat waves such as the one that hit 
the East Coast of the United States in the summer 
of 1999.

While these trends and events provide 
evidence of a warming world, it is difficult for a 
scientists to conclude for certain that they are all 
caused by global warming. Climatologist Stephen 
Schneider illustrates this idea with the following 
example:  

“Suppose you were trying to determine 
whether or not the total number of cars 
on the highways in a given urban area was 
increasing.  You would have to count cars 
at a number of points throughout the area, 
and at different times of day, and then 
average the results.  From day to day, the 
average number of cars will vary quite a 
bit, depending on a number of factors such 
as the day of the week, whether or not it 
is a holiday, or a special event like a World 
Series ball game.  However, if the number 
of automobiles on the road were increasing 
over the years, you would expect to see a 
trend of increasing daily averages.  If the 
trend is large enough, it will be noticeable 
despite the variations of large and small 
daily averages.

Rhone Glacier, 
Gletsch, 
Switzerland

“Now suppose a major traffic jam occurs.  
You can trace the problem to an overturned 
truck that blocked a freeway, causing traffic 
tie-ups throughout the city.  Was this major 
traffic jam caused by the increasing number 
of cars on the road?  The answer is no—at 
least not directly.  The gradual trend of an 
increasing number of cars on the road simply 
makes it more likely that a given event, such 
as an overturned truck, will result in a huge, 
citywide traffic jam.  

“Similarly, the melting of glaciers, rising 
sea levels, changes in the behavior patterns 
of wildlife, hot spells, droughts, and forest 
fires—like traffic jams—provide evidence 
that our world is warming, although we 
cannot say for certain that any one of them 
is caused by global warming.” 

1750

1950

September

2006
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The graph on the next page shows Earth’s 
natural climate changes for the past 160,000 years.  
The horizontal line at “0” is the temperature 
today. It’s easy to see what Barnett meant by 
“natural oscillations.”  Over the past 160,000 
years, Earth’s climate has varied a great deal.  
Furthermore, for most of that time it was a lot 
colder than it is now.  That long period—from 
about 120,000 years ago to about 18,000 years 
ago—is the most recent “ice age.”  Although the 
average global temperature was at most 9°C 
colder than it is today, ice sheets up to two miles 
deep covered Canada and northern United States, 
reaching as far south as what is now New York 
state.  Despite the cold, our ancestors thrived.

About 15,000 years ago Earth started to 
warm.  Gradually, the great ice caps melted and 
sea levels rose worldwide by as much as 65 meters.  
The planet reached its current temperature about 
10,000 years ago.  During the most recent 10,000 
years, called the Recent or Holocene Period, 
agriculture was developed and complex human 
civilizations gradually arose.

Studies of Earth’s more distant past show 
there have been 17 warm interglacial periods 
over the past two million years.  After each one, 
Earth gradually cooled again.  Today, it’s generally 

accepted that this pattern is caused by a regular 
cycle of changes in Earth’s orbit and the tilt of 
its axis.  Based on this theory, which accounts for 
past ice ages, Earth will be entering another ice 
age about 5,000 years in the future.  But these 
very long-term cycles cannot explain the warming 
that has occurred in the past 100 years.

Tim Barnett of the Scripps 
Institute of Oceanography in San 
Diego suggests natural oscillations 
in global temperature are so large 
that they would obscure any sign 
global warming had already begun.  
In other words, even if we accept 
the conclusions of the IPCC that Earth 
has warmed over the past century, in 
Barnett’s view we cannot be sure the 
change is due to human activities.

How do we know about Earth’s 
“natural oscillations”?  A clue to past 
climate changes can be found in 
layers of ice near the North and South 
Poles.  Since the ice does not melt in 
the Arctic and Antarctic regions, older 
layers are buried by newer layers.  The deepest layers are compressed 
under the weight of the ice above, so they become very thin.  Yearly 
layers can be seen and can be counted like annual rings on a tree.

Over the past 20 years, many ice cores have been extracted from 
the Greenland ice sheet and from the deep ice of Antarctica.  Ice cores 
are cylinders of ice cut by a drill shaped like a long tube.  Each core is 
carefully dissected, one layer at a time. 

Yearly layers of ice can be counted like annual rings on a tree.

Is the Warming Observed Part of a Long-Term Natural Cycle?
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Sallie Baliunas at Mt. Wilson Observatory.   
Photo courtesy of  Sallie Baliunas.
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Unlike ice ages, which take place over thousands of years, 
short-term changes in climate— such as the increase in temperature 
observed during the 1900s—are not well understood.  For example, 
the graphs on page 15 show the global climate actually cooled 
from 1840 to 1970.  This cannot be explained by the enhanced 
greenhouse effect, which would predict a continuous increase in 
temperature since the industrial revolution. Hansen and others 
note that although the greenhouse effect is important, it is 
probably not the only cause of climate change.  Other factors may 
have caused some of the cooling.  Volcanoes, for example, create 
huge clouds that persist for months, reflecting much of the Sun’s 
energy back into space.   However, no one has fully explained the 
cooling that took place from 1940 to 1970.

Other scientists have proposed theories about what they 
believe may have had a greater impact on the average global 
temperature than the greenhouse effect.  One recent theory, put 
forward by several scientists, including Dr. Sallie Baliunas from 
Harvard University’s Center for Astrophysics, is that most of the 
climate change observed in this century is due to changes in the 
Sun’s activity.  

It has long been known that the Sun goes through a cycle 
about every 11 years, during which the number of sunspots 
increases and decreases.  A sunspot is an area on the Sun that is a 
little cooler than the surrounding area; so it appears dark through 
a telescope.  The 11-year cycle is not exactly the same every year.  
In some years the Sun is much more active than in other years.
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What Is the Best Explanation for the 
Warming in the Past 100 Years?
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Ice cores are extracted from the ice 
sheet by a large drill housed in a 
dome. (The outside of this dome 
near the middle of Greenland is 
shown on page 3.)

The ice cores are broken into lengths, 6–19 
feet long, and hauled to the surface.

Researchers cut and analyze sections of the ice 
cores as soon as they are removed.  Workers 
wear “clean suits” over their warm clothing, 
so they do not contaminate the samples.

Baliunas and others claim these changes in solar activity affect Earth’s 
climate, causing changes in the paths of storms, and the amount of cloud 
cover, rain, and snow.  These changes naturally affect the planet’s overall 
global temperature.  

Support for the theory that the Sun has affected Earth’s weather 
has been found deep in an ice core taken from the Greenland ice sheet.  
A team of scientists headed by Dr. Paul Mayewski from the University of 
New Hampshire counted annual layers of ice and snow, back to more 
than 160,000 years ago.   One sign of climate change was the presence 
of dust in some layers.  A greater concentration of dust suggested there 
must have been storms that year that carried the dust from areas where 
there was no snow to the Greenland ice sheet.   The scientists found the 
concentration of dust varied with an 11-year cycle, supporting Baliunas’s 
theory that solar activity affects Earth’s climate.

Although most scientists 
agree changes in the activity of 
the Sun affect Earth’s climate, 
they differ sharply about how 
much the Sun has affected Earth’s 
average temperature.   Baliunas 
thinks as much as 94% of the global 
warming observed in this century 
may have been caused by the Sun.  
Others think the effect of the Sun 
is below 1%.  

A detailed analysis of the average global 
climate in recent times by Michael Mann 
and Raymond Bradley of the University of 
Massachusetts and Malcolm Hughes of the 
University of Arizona.  They combined data from 
several sources: ice cores from polar regions and 
from mountain glaciers; thicknesses of tree rings, 
and chemical analyses of layers of ancient corals 
(see Stevens in the Bibliography).  For the most 
recent centuries the scientists used historical 
records, and the accurate instrument records 
such as those reported by Hansen and by Wigley 
and Jones (on page 20).  

Mann said,  “Our conclusion was that the 
warming of the past few decades appears to be 
closely tied to emission of greenhouse gases by 
humans and not any of the natural factors.”  (See 
Stevens in the Bibliography—New York Times; June 
29, 1999).

Other researchers further support that 
conclusion:  an analysis of ice cores shows current 
levels of carbon dioxide gas in the atmosphere are 
higher than at any time in the past 420,000 years 
(see Petit in the Bibliography).  Efforts to use 

computer models to sort out the various factors 
affecting climate in the past 100 years determined 
that since the 1970s, global warming cannot be 
explained without a large impact from greenhouse 
gases.  These studies strengthen the conclusion 
that human activities are contributing to global 
warming. (See Vinnikov in the Bibliography.)
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Source:  Mann, Bradley, Hughes
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 QUESTION 3.2. How does the graph on page 18 relate to the 
finding that current levels of carbon dioxide are higher now 
than at any time in the past 420,000 years?

It’s difficult to imagine what your life will be 
like in five years—let alone in 30, 40, or 50 years, 
when you’re bouncing grandchildren on your knee.  
But in order to take the predictions of climatologists 
seriously, that’s what you need to do—think about 
how your actions today will affect the lives of your 
children and grandchildren.  

The concentration of carbon dioxide in the 
atmosphere is increasing at the rate of half a percent 
per year.  That’s barely noticeable.  But if that rate 
continues, about 100 years from now there will be 
twice as much carbon dioxide in the atmosphere than 
there was before the industrial revolution.  

Although carbon dioxide is the most important 
greenhouse gas, it’s only half the story.  Other 
greenhouse gases (methane, nitrous oxides, and 
CFCs) contribute another half a percent per year in 
equivalent heat-trapping capacity. 

The IPCC report envisions various scenarios, 
or possible futures.  According to some scenarios, 
the amount of greenhouse gases in the atmosphere 
will grow even faster than it is growing now.  This 
growth is caused by the increasing world population.  
As world population increases, so does the demand 
for food, energy, and manufactured goods.  Much of 
this population growth is taking place in developing 

When Will the Concentration of Greenhouse Gases Double?
nations.  As the people in these nations strive to have 
the same standard of living enjoyed by most people 
who live in industrialized nations, the amount of 
greenhouse gases in the atmosphere will increase 
even further.  According to these projections, it 
seems likely that in the decades to come there 
will be even more greenhouse gas emissions than 
now.  Finally, the destruction of rain forests, which 
is occurring around the world at an increasing rate, 
means that fewer trees will be around to absorb 
large quantities of carbon dioxide.

Other scenarios are more optimistic.  If 
energy use can be cut back through conservation, 
less fossil fuels will be burned, and greenhouse 
gas emissions will be reduced.  For example, new 
conservation technologies are being developed to 
light and heat homes in ways that use less energy; 
and cars are being developed that use gasoline 
more efficiently.  Another factor would be the 
growth of alternative energy industries, including 
wind, solar, and geothermal power plants that do 
not emit greenhouse gases. Other scientists expect 
that, somehow, Earth’s natural systems will adjust 
and the climate will not change significantly, even 
if the concentration of carbon dioxide continues 
to increase.
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100 years.   Source:  The Science of Climate Change

Predictions of future climates are currently in the form of computer 
models.  The computer models predict warming as greenhouse gases 
continue to increase.  Climatologists try to make their models more 
realistic by including more factors.  In the past five years, they have 
added the effect of aerosols—particles in the air emitted by cars and 
factories.  Unlike the invisible greenhouse gases, aerosols are visible.  
Their effect on climate is much like a cloud of ash from a volcano. 
Aerosols cool the earth by reflecting some of the Sun’s light back 
into space. The result is that instead of a 5°C increase expected by 
Arrhenius, only a 1° to 3.5°C increase in temperature is expected with 
a doubling of greenhouse gases in the atmosphere.

Predicting how warm it will get is very difficult.  Imagine a time—
perhaps when our children are grown—when new sources of power are 
developed which are “clean.”  They do not produce either greenhouse 
gases or aerosols.  Aerosols have short lifetimes, since the particles 
settle within a few years.  But greenhouse gases hang around for a 
very long time—as much as 500 years in the case of carbon dioxide.  
With the cooling effect of the aerosols gone, the atmosphere could 
heat very rapidly in less than a decade, causing even greater climate 
disruptions.

The scientists who designed these models acknowledge they do 
not have enough information about the effects of clouds and oceans 
in their calculations.  

According to the IPCC report, “most emission scenarios indicate that, in 
the absence of mitigation policies [steps to reduce emissions], greenhouse gas 
emissions will continue to rise during the next century and lead to greenhouse gas 
concentrations that by the year 2100 are projected to change climate more than 
that projected for twice the pre-industrial concentrations of carbon dioxide.”

How Warm Will It Get When Greenhouse Gases Double?



22 Global Systems Science Climate Change— Chapter 3: What Is The Controversy About?

Lynne Talley of the Scripps Institution of Oceanography.

How Will Clouds and Oceans 
Affect the Changing Climate?

Clouds 
If Earth becomes warmer because of the greenhouse 

effect, more water will evaporate from the oceans.  Increased 
water vapor means more clouds, and clouds are very effective 
at reflecting sunlight.  (Just think of the cooling effect of a 
cloud passing overhead on a hot day.)  On the other hand, 
clouds can also warm Earth.  Anyone who lives in the desert 
knows that you must dress warmly at night because the land 
cools off very rapidly.  But if there are clouds overhead, they 
will absorb some of the heat radiated by Earth and send it 
back toward the ground.  The only way to determine for sure 
how to enter clouds into the models is to study their effects 
in different parts of the world and in different seasons.  

The study of clouds is a very active area for researchers 
today.  Ali Omar is involved in a research project designed to 
answer some of these questions.  He is one of the researchers  
studying the effects of clouds from a satellite launched in 
2006.  Named CALIPSO, the satellite is a joint project of the 
United States and France.  It is equipped with a laser pointed 
towards Earth’s surface.  The satellite measures laser light 
that is reflected from cloud layers to determine where the 

     Ali Omar is assistant professor of 
Physics at Hampton University in 
Hampton, Virginia.  When he was a young 
boy in Kenya he wanted to be a pilot, but 
his parents would not let him because 
they thought it was too dangerous.  So, he 
decided he would learn how to build jet 
engines instead.  He came to the United 
States to study aeronautical engineering.  
One of his required courses concerned how 
jet exhausts affect the atmosphere.  That 
sparked his interest in environmental 
science.  “Now,” he says, “I’m kind of glad 
my parents did not allow me to become a 
pilot.”

cloud layers are located and how thick they are.  
It also measures infrared (heat) energy radiated 
into space.  Scientists expect that data from the 
satellite and from ground-based measurements 
will enable them to determine whether the overall 
effect of the clouds is to cool or warm Earth’s 
surface.

Oceans
Lynne Talley is a researcher at Scripps 

Institution of Oceanography in La Jolla, California, 
where she studies the role of ocean circulation 
in climate.  She explained the importance of her 
research by posing an interesting question:  “In 
February, you would not want to go swimming off 
the coast of Labrador (north of New England).  The 
ocean surface temperature is only about 1°C.  But 
Ireland is the same distance north of the equator, 
and water there is a much warmer 10°C.  Why 
are they so different?”  The difference, she said, 
is due to ocean currents.  Labrador is bathed in 
frigid waters that come from the Arctic, while the 
coast of Europe is warmed by currents that come 
from the equator.
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Talley said the temperature of the ocean changes far less than 
the temperature of the land.  That affects the interaction between 
ocean circulation and world climate on different time scales, from a 
single day to hundreds of years.  Let’s start with daily changes.  In the 
daytime the land heats quicker than the ocean, so the air above the 
land is warmer than the air above the ocean.  Warmer air is less dense 
than cool air.  Differences in air density can give rise to air movements.  
In some locations the difference is great enough for cool sea breezes 
to move landward, pushing the warmer air upward.  At night the land 
cools off quickly, cooling the air just above it.  When the air over the 
land becomes colder than the air over the sea, the winds reverse.

This description of how winds 
are created by the relative warming 
of land and sea also applies to the 
far stronger seasonal changes in 
Asia referred to as monsoons.  In 
the summertime the land mass in 
Asia stays warmer than the sea.  
So, moist air moves from the ocean 
toward the land, bringing life-giving 
rains.  In the winter, the ocean is 
warmer than the land, so the winds 
reverse, and people who live in Asia 
experience hot, dry weather.

Changes also occur every few years.  The 
most intensively studied of those is El Niño—a 
weather condition in the Pacific Ocean that occurs 
every four to seven years.  (El Niño means “The 
Child” in Spanish.  It refers to the Christ Child since 
these weather conditions always occur around 
Christmas time.)  During El Niño, normal winds and 
ocean currents reverse for several months, and 
extreme weather conditions can occur at other 
places in the world, ranging from droughts, forest 
fires, and floods to changes in the monsoons and 
trade winds.  It is estimated that the 1982–83 El 
Niño event caused $8 billion dollars in damage and 
the death of 2,000 people worldwide.  Estimates 
of the impact of the 1997–98 El Niño season are 
even greater, with property damage estimated 
in the $30 billion to  $60 billion range, and as 
many as 21,000 lives lost (see Mackenzie in the 
Bibliography). While the cause of El Niño events 
is still not understood, scientists have determined 
that it involves the interaction of the ocean and 
atmosphere systems.

Over a period of hundreds of years, the 
ocean transports both heat energy and dissolved 
carbon dioxide in a current so huge it weaves 
through all of the world’s oceans.  It is sometimes 
called the “global ocean conveyor belt.” Part of 
the driving force for this current is in the North 

Atlantic where salty water (which is already 
denser than fresh water) cools and becomes even 
denser.  The cold, salty water sinks and begins 
a very long, deep journey around the world (as 
shown in the diagram on page 24) until it finally 
wells up somewhere in the Indian and Pacific, 
and maybe even around Antarctica. As it becomes 
part of a warm surface current, the water absorbs 
heat from the Sun and carbon dioxide from the air 
before it again sinks to the bottom of the Atlantic, 
several hundred years later.  As pointed out by 
Talley, the precise course of the current is not 
thoroughly understood.  However, the overall idea 
of long-term ocean circulation is well accepted 
by nearly all oceanographers today.

Some scientists are concerned global warming 
might cause enough melting of the Arctic and 
Greenland ice sheets for fresh water to flood the 
Atlantic, slowing or stopping the global conveyer 
belt.  Some researchers reported evidence that 
the global conveyer belt had, in fact, stopped or 
weakened at least twice since the last ice age, 
suggesting that this may occur again if melting 
of the Arctic and Greenland ice sheets increases 
(see Ruhlemann in the Bibliography).

Until we have a better understanding of 

In order to predict the future of 
climate change, researchers are 
studying the ways that the ocean 
interacts with the atmosphere. 
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Analysis of layers of ice in Greenland 
provides an answer to this question.   The record 
in the ice shows Earth started to emerge from the 
last ice age about 15,000 years ago.  Then about 
12,900 years ago, it suddenly cooled again.   In 
the relatively short period of about 10 years, the 
temperature plunged 15°C, returning almost to 
ice-age temperatures.  The cold period lasted for 
13 centuries, until about 11,600 years ago, when, 
in just about a decade, Earth finally started to 
warm again.  It has been relatively warm ever 
since.  This cold period was also observed in the 
analysis of layers of ice from Antarctica, but was 
not quite so intense. 

Why did the climate change over just one 
decade, then remain cold for 13 centuries, only to 
warm rapidly again?  Scientists do not have certain 
answers to this question, but one popular theory is 
that the deep ocean current was “switched” off, 
and then “switched” back on again 13 centuries 
later.  Here’s how it may have happened.

We know the conveyor belt current makes a 
huge difference in the climate, and it is driven by 
changes in the temperature and salinity (saltiness) 
of the seawater.  If the climate warmed too quickly, 
the warmer temperature could have caused a 
glacier to melt, flooding the North Atlantic with 
fresh water.  The fresh water would float on top of 
the denser salty water, and stop the conveyor belt 
current from flowing.  For the global ocean current 
to be “switched” back on, the ocean would have to 
become salty again.  This could happen as the world 
cools in an ice age and less fresh water is added 
to the ocean. Eventually the ocean would become 
salty enough for the current to start flowing again 
and warm temperatures to return.

While we don’t know for certain what will 
happen in the future, we do know abrupt changes 
in climate have occurred in the past, suggesting 
that they may occur in the future.

WARM  SHALLOW CURRENT

COLD SALTY DEEP CURRENT

Source: Climate System Modeling

The Global 
Conveyor Belt  

how the clouds and oceans interact with the atmosphere, we will not be able 
to predict accurately how much our planet will warm if the concentration of 
greenhouse gases doubles.

Will the Change in Climate Be Gradual or Rapid?

A theory of how water 
circulates through the 
world’s oceans over a 
period of several 
hundred years.  
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As far as local regions are concerned, no one knows for certain how 
life will be affected.  According to climatologist Stephen Schneider, “It’s 
still tough to be confi dent in projecting where and when it will be wetter 
and drier, how many floods might occur in the spring in California, or 
forest fires in Wyoming or Siberia in August.”

Nonetheless, it is possible to make some reasonable predictions for 
life on the planet if an increase of a few degrees in global temperatures 
occurs.  Predictions can be based on the observed differences between 
different regions of the globe today, or by studies of past conditions when 
the climate was known to be different from what it is today.  Based on 
these studies, the IPCC made its most dramatic predictions: if current 
trends continue, the world of our grandchildren will be different from 
ours in several respects.

Rising sea levels
Because water expands when it’s heated, 

and mountain glaciers drain to the ocean as they 
melt, the sea level will rise as the globe warms. 
Sea levels worldwide have already risen by 10 to 25 
cm over the past century.  If this trend continues, 
over the next 100 years they will rise by another 
50 to 95 cm, and will continue to rise for the next 
several centuries.

Loss of coastal lands
In future decades more and more food 

will be necessary to sustain the world’s growing 
population.   Coastal plains are among the most 
fertile in the world.  A rise in sea level would 
inundate some coastal areas.  According to 
the IPCC report, “Estimated land losses range 
from 0.05% in Uruguay, 1% for Egypt, 6% for the 
Netherlands, and 17.5% for Bangladesh up to 
about 80% for the Majuro Atoll in the Marshall 
Islands.”  Areas in the United States threatened by 
sea level rise include areas of Florida, California, 
Louisiana, and other coastal areas.

Danger from storm surge
Because storms are caused by an exchange of 

heat energy between the oceans and atmosphere, 
global warming is expected to cause more 
intense storms.  Moreover, higher sea levels 
increase damage from storms and floods.  A large 
proportion of the world’s population lives in 
coastal areas, and every few years tragedies occur 
when especially powerful storms buffet coastal 
areas with high winds and waves, causing billions 
of dollars in flood damage and killing thousands 
of people.  In May, 1991, a storm hit Bangladesh 
with 270 kilometer per hour winds, flooded coastal 
plains, damaged more than a million homes, and 
killed an estimated 140,000 people.  According to 
the IPCC report, 46 million people are currently 
in danger of coastal storm surges.  An increase of 
50 cm in sea level would increase the number of 
people at risk to 92 million, ignoring the effects 
of increasing world population.  According to the 
IPCC report, “a rising sea level and the possibility 
of increased storm surges could threaten the 
survival of some small island states and coastal 
areas.” 

How Will Life on Earth Be Affected by Global Warming?
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Loss of forests
Throughout the world, some forest preserves have 

been protected from logging or clearing.  However, it 
may not be possible to protect forests from climate 
change.  If global warming occurs at a pace faster 
than most species of trees can reestablish themselves, 
entire forest types may disappear and be replaced by 
new forest ecosystems. 

   

Increased rainfall
Global warming will increase the rate of evaporation 

from oceans, and therefore increase rainfall worldwide.  
This will have a beneficial effect in some areas, but 
other areas would experience additional flooding and 
erosion. 

Loss of wetlands
Saltwater marshes, mangrove ecosystems, coastal 

wetlands, sandy beaches, coral reefs and atolls, and 
river deltas are already impacted by the expansion of 
farms and cities.  Those that remain would be further 
affected by a change in climate, with negative effects 
on the diversity of wildlife, freshwater supplies, 
fisheries, and tourism.

Increased desertification
Rainfall will increase in some areas, and decrease 

in others.  Less rain is expected to fall in sub-Saharan 
Africa, South and Southeast Asia, and tropical Latin 
America.  These areas would suffer losses in forested 
lands, reduced harvests, and expanded deserts.

Threats to human health
Illnesses caused by heat waves may increase as 

well as diseases such as malaria, dengue, and yellow 
fever, which are carried by insects.  In addition, warmer 
weather and flooding would encourage the growth 
of organisms that cause salmonellosis, cholera, and 
giardiasis.  Further health problems would be caused 
by shortages of food, fresh water, and increased air 
and water pollution.
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Changes in agriculture
Overall, a higher concentration of carbon 

dioxide in the atmosphere will increase the 
growth of crops, but it will also increase 
the growth of weeds and insect pests.  The 
greatest danger will be to the poorest people 
in the world, where available crops are just 
barely able to feed people today.

What Would You Do?
According to the scientific studies, what we do today will not 

affect our lives very much tomorrow or the next day.  The greatest 
effect will be felt some years from now—by our children and 
grandchildren, and people living then.  Is protecting the environment 
for future generations worth strong actions that might impact jobs 
today?  Would moderate actions, such as conservation, recycling, 
and planting trees be better?  Or is it best to take no action except 
continue to study the problem?

QUESTION 3.3. If you were a government decision maker, what 
would you do in the face of scientific controversy and the 
long time scales involved?  

For new material relating to this chapter, please see the GSS website 
“Staying Up To Date” page: 
http://lhs.berkeley.edu/gss/uptodate/2cc/2cc.html
We invite you to send us new articles for the "Staying Up To Date" 
web page for this chapter.  Articles may be from local newspapers, 
magazines, websites, or other sources that you think would be of 
interest to classrooms around the country. To send us articles please 
go to the link http://lhs.berkeley.edu/gss/uptodate/newarticle.html and 
find the "Submit New Article" button. 

http://lhs.berkeley.edu/gss/uptodate/2cc/2cc.html
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