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Issues and Public Deliberation

Since the earliest days, citizens of the United States
have addressed challenging questions by engaging in
public deliberation. Through public deliberation, people
develop a fuller understanding of issues and come to ap-
preciate how these issues are experienced differently by
different people. Public deliberation also helps citizens
to develop a shared resource of expanded knowledge,
which emerges as people express their own perspec-
tives and learn from the perspective of others. Drawing
on this enriched understanding and the shared resource
of knowledge enabled by deliberation, people can de-
velop informed opinions. These informed opinions can,
in turn, provide guidance to public officials who have the
responsibility of devising public policy.

The event to which you have been invited seeks to capi-
talize on the value of public deliberation in ways that
account for the increasing complexity and diversity of
the United States. By providing a representative group
of people with balanced background information, the
opportunity for small-group deliberation, and access to
a resource panel of experts, we seek to provide you with
a unique opportunity to work together as you develop
the informed opinions that are a necessary resource for
policy-makers as they work to respond to critical issues.

Today climate change is one of the most critical issues
facing the United States and the world. Over the course
of the 21st century, in every region of the globe, the
climate on which humans rely—the climate to which
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STUDENTS DELIBERATE

Students discuss academic rights
and responsibilities during a
deliberative event held in the
spring of 2006.

they have adapted their lives—will be changing. Climate
change is a global phenomenon, but its impacts will
be local; these impacts will vary by region, even within
nations. For some regions these impacts may be posi-
tive. For example, warmer temperatures and increased
rainfall may open up new areas for agriculture or ex-
tend growing seasons. For other regions, these impacts
may be catastrophic. Already dry areas may experience
more frequent periods of drought, increased precipita-
tion in already wet areas may cause more flooding, or
rising sea levels may make islands and some coastal ar-
eas uninhabitable. Whether the impacts are positive or
negative, as a result of climate change humans will face
the challenge of adapting or altering established ways
of providing the resources they need to live: growing
food, attaining fresh water, and supplying energy.

Scientific research can reveal how the Earth’s climate is
changing and why. Climate scientists use this research
to make projections about how climate change may af-
fect the Earth’s natural systems and impact human lives.

However, no one can predict how humans will respond.
Science can reveal the facts about climate change, but
only we can determine what we do with these facts.

Climate change requires us to make policy decisions at
every level: our homes, our campus, our city, our na-
tion, and our world. Ultimately, in response to climate
change, we will need to address challenging questions
about some of our most fundamental ways of doing
things. This booklet has been developed to help you
prepare for a public deliberation about these challeng-
ing questions. In the following sections we review the
accepted scientific knowledge related to climate change,
we review the projections that climate researchers
have made about how climate change may affect the
Earth’s natural systems and impact human lives, and
we present some of the challenging decisions that
people will need to consider as they develop policies
that address climate change. At the end of this booklet,
we present some questions we hope to consider when

we gather for public deliberation.
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A Word About Scientific Knowledge

Scientific inquiry is a highly collaborative activity. Sci-
entific knowledge emerges through a process of inquiry
and analysis called peer review. This process involves
many individuals and teams of researchers working in
a local, national, and international scientific commu-
nity. This community is made up of professionals who
have earned advanced degrees in the areas of their
expertise. Scientists rely on this community to raise
questions and conduct tests that will verify the results
of individual scientific experiments.

The accepted scientific knowledge related to climate
change has been subjected to this peer review process.
Scientists specializing in the study of various elements

of the Earth’s climate system, such as meteorology,
glacial geology, or oceanology, develop hypotheses and
then perform experiments to test them. For example,
researchers wishing to understand changing tempera-
tures might devise a simulated experiment to test
whether the increased concentration of carbon dioxide
in the atmosphere since the Industrial Age is causing
the observed increase in temperatures. After getting
results, the researchers write a paper that explains their
experiment and provides an analysis of the results.
This paper is then submitted for publication in a peer-
reviewed journal like the “Bulletin of the American
Meteorological Society.”

vii
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THE PEER REVIEW PROCESS

The peer review process is de-
signed to ensure the integrity of
scientific research by subjecting
all published work to extensive
review prior to publication.

The journal’s editor or editorial committee reviews the
paper and decides whether it is ready to be sent out for
a review by others in the scientific community. If they
consider the paper ready for review, a few scientists
in the appropriate field are sent copies of the paper. In
most cases the paper is sent out without the author’s
name and the reviewers remain anonymous. Reviewers
look for errors or weaknesses in the paper. These may
include bad data, faulty calculations, flawed experi-
mental designs, or misinterpretations of results. Over a
period of weeks each reviewer writes an evaluation of
the paper and submits it to the editor. Based on these
evaluations, the editor may reject or accept the paper;
the editor may also request that the scientist who sub-
mitted the paper do further work.

If a paper survives this process of peer review, it gets
published. The publication of the paper is only one step.
Once it is published, the paper is read by other groups
of scientists, and these scientists will seek to confirm
or refute the paper’s findings. They do this by attempt-
ing to replicate the findings in their own experiments,
writing their own papers, and submitting these papers
to the peer review process. A bad result or even a
fraudulent paper can get past the peer review process.
However, the process creates conditions that make the
acceptance of bad results and fraudulent papers an un-
likely exception. In addition, because of the process of
ongoing peer review even after publication, it becomes
increasingly unlikely that bad data or erroneous analy-
ses will continue to be accepted.
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“..scientists publishing in the
peer-reviewed literature agree
with [the Intergovernmental
Panel on Climate Change], the
National Academy of Sciences,
and the public statements of
their professional societies.
Politicians, economists, jour-
nalists, and others may have
the impression of confusion,
disagreement, or  discord
among climate scientists, but
that impression is incorrect.”

NAomi ORESKES,
THE SCIENTIFIC CONSENSUS ON
CLIMATE CHANGE (SCIENCE, 2004)

Having emerged from this extensive peer review pro-
cess, scientific knowledge is described as an accepted
view, because particular results have been verified and
been found acceptable by many individual scientists
and teams of researchers.

Today the accepted view regarding climate change
represents a consensus from peer-reviewed journals.
This consensus holds that the climate is changing and
that human activity is the cause of such change. All of
the claims in the following sections that relate to the
science of climate change are based upon findings that
have appeared in peer-reviewed scientific journals.

There is, however, disagreement within the scientific
community regarding how certain we can be about pre-
dicting the near and long-term impacts of climate change.
All of the discussions about the potential impacts of
climate change in this booklet acknowledge uncertainty.

As discussed later in this booklet, public policy decisions
regarding what to do in light of climate change and its
causes will involve consideration of a variety of compet-
ing and respectable positions.

The Scientific Consensus

Since 1988, a group of leading climate scientists from
around the world have been gathered in a special study
group called the Intergovernmental Panel on Climate
Change (IPCC). The IPCC is a set of committees that in-
clude leading climate scientists from around the world.
These scientists periodically review relevant research
and produce reports that describe the current state of
understanding of the climate problem.

The assessments made by the IPCC are widely viewed
as the best consensus judgment about the science of

climate change. In 1990, IPCC Working Group 1 on cli-
mate change science issued its first “consensus report.”

This report has been updated every few years. The most
recent update is the Fourth Assessment Report, which
was released in 2007. In this report the IPCC presents a

number of projections concerning changes in tempera-
ture, snow and ice cover, and weather patterns.

The projections of the IPCC represent the consensus
opinion from a group of the world’s top climate sci-
entists. As more research is done, scientists improve
their understanding, which helps them make better
projections. The current scientific consensus main-
tains that the climate is changing, that carbon dioxide
is a significant factor in the changing climate, and that
human activities are increasing the amount of carbon
dioxide in the Earth’s atmosphere. These scientific
findings provide the foundation for policy decisions
concerning climate change.
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However, public deliberations and policy decisions
can be difficult if people fail to appreciate the value of
the peer review process. Many public controversies
surrounding the issue of climate change emerge when
people rely on old information, accept findings that
have not survived scrutiny, or when they fail to criti-
cally evaluate media reports of scientific findings.

For example, some skeptics have pointed to differences
between surface, atmospheric, and satellite tempera-
ture measurements as a reason to discredit the consen-
sus view. However, a 2006 report from the U.S. Climate
Change Science Program reconciled data from surface
measurements, satellites, and weather balloons, and
concluded that “(t)he previously reported discrepancy
between surface and the atmospheric temperature
trends is no longer apparent on a global scale.” In this
case, the peer review process inspired further research
that addressed concerns about earlier research. Alter-
nately, some have claimed that the climate change we
are now experiencing is the result of naturally occur-
ring climate variability. This claim has not survived the
scrutiny of peer review and is therefore not accepted as
part of the consensus view on climate change.

Public deliberations about policy are also frustrated be-
cause of how people receive much of their information
about climate change. Media outlets often create what
is called “false balance” when reporting on climate
research. False balance occurs when people inap-
propriately contrast information from peer reviewed
research with information that has not been subjected
to, and would not likely survive, the scrutiny of the
peer review process.

An altogether different problem emerges when people
read of some controversy over the personal state-
ments or correspondence of climate researchers and
then allow this controversy to color how they view the
findings of these researchers. The peer review process is
designed to ensure the validity of research methods and
findings. These remain valid regardless of any personal
views expressed by those who conducted the research.

The following booklet relies solely on information con-
tained in peer-reviewed literature. On the day of delib-
eration you will have the opportunity to ask questions
of a resource panel of experts. These experts can help
address any questions you have about the information
in this booklet or about information you have received
from other sources.

Introduction



What Is Climate Change?

FIGURE 1.1:
CLIMATE VARIATION

There are a wide variety of
climates found in the continental
United States. The map at right
indicates climate regions ac-
cording to the Képpen-Geiger
climate classification system.

(data for 1951-2001 shown)

source: Updated world map of the
Kdppen-Geiger climate classification: Hy-
drology & Earth System Sciences, 2007.

Climate is not the same thing as weather. Weather is the
condition of the atmosphere at a particular place and
time, measured in terms of temperature, humidity, and
precipitation (rain, snow, etc.). Weather does not usually
remain constant for long periods of time and in most
places changes from hour-to-hour, and day-to-day.

While weather can change frequently, a region’s climate
may remain stable for periods lasting hundreds or
even thousands of years. This is because climate is the
average pattern of weather in a region over time. For
example, Pittsburgh’s climate is classified as a Humid
Continental Climate, which means that the city can
expect cool, sometimes cold winters, and warm, humid
summers with frequent clouds and precipitation.

Climates around the world are projected to change over
the next 100 years due to the increase in greenhouse
gasses. As a result, researchers project that plants and
animals may need to migrate and communities whose
economies depend on climate for agriculture, tourism,
or other reasons will face the challenge of adapting to
new conditions. In fact, climate change is already hav-
ing an impact. For example, city planners in urban areas
like Chicago expect they will have to plant trees from
warmer, more southern climes in the near future.

. Hot Desert
Cold Desert
[ Hot Semi-Arid
Cold Semi-Arid
Hot-Summer Mediterranean
Warm-Summer Mediterranean
Humid Sub-Tropical
Oceanic
. Continental Mediterranean
. Cool Continental
. Humid Continental
Humid Continental

. Humid Continental

. Subarctic
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Carbon Dioxide and the Climate

The single human activity that has the largest impact
on the climate is the burning of “fossil fuels” such as
coal, oil and gas. These fuels contain carbon and burn-
ing them makes carbon dioxide gas. Carbon dioxide
gas traps heat in the atmosphere, somewhat like the
way glass in a greenhouse lets in light but traps heat,
creating a warmer environment for the plants inside
(see Figure 1.2). For this reason, carbon dioxide is
called a “greenhouse gas.” Since the early 1800s, when
people began burning large amounts of coal and oil,
the amount of carbon dioxide in the Earth’s atmo-
sphere has increased by nearly 30%, and average glob-
al temperature appears to have risen between 1and
2°F. This may not seem like much, but minor changes
in average global temperature can lead to significant
changes in overall climate. For example, during the last
ice age, the average global temperature was only 9°F
lower than it is today.

FIGURE 1.2:
THE GREENHOUSE EFFECT

...where some of the
heat is trapped by
greenhouse gasses.

Solar energy
passes through
the atmosphere...

...and is absorbed by
the earth’s surface.

Heat from the earth’s
surface radiates into
the atmosphere...

As people burn more fossil fuel for energy they add
more carbon dioxide to the atmosphere. As more car-
bon dioxide is added to the atmosphere, heat radiating
from the Earth has more trouble getting out. The result
is that, if everything else remains unchanged, the best
available projections suggest that by the end of the 21st
century, the Earth will have warmed by another 3-7°F.

However, not all things that enter the atmosphere cause
warming. Dust from volcanoes and human activities
can reflect sunlight (like a window shade) and cool the
Earth. Researchers estimate that the amount of green-
house gases in the atmosphere should have already in-
creased the average temperature of the Earth by slightly
more than 2°F. However, it appears that the average
temperature of the Earth has only increased by between
1and 2°F. Thus, it is likely that some other things have
also changed. For example, small particles, such as
sulfur compounds, that are emitted when we burn coal,
may help to cool the Earth by reflecting sunlight.

The remaining heat passes
through the atmosphere
and into space.

Heat trapped by greenhouse
gasses warms the atmosphere
and is re-emitted toward the
earth’s surface.
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FIGURE 1.3:
FEEDBACKS IN PRACTICE

Snow is highly reflective, so areas
covered in snow and ice reflect
more light back into space.

When this ice melts, the exposed
ground absorbs more light and
heats up. This heat adds to the
greenhouse effect.

The Potential Impact of Feedbacks

The systems that regulate the Earth’s climate are dy-
namic. The climate results from each element of this
system interacting with other elements. Researchers
use the term “feedbacks” to describe these interac-
tions. Feedbacks come in two kinds: negative feed-
backs that will work to slow down or offset climate
change and positive feedbacks that work to speed up
or amplify climate change.

For example, as the concentration of carbon dioxide
in the atmosphere increases, some plants may grow
faster and as a consequence take more carbon dioxide
out of the atmosphere. This would result in a negative
feedback, slowing the rate at which carbon dioxide
increases, and hence slowing the rate of warming.

On the other hand, as the Earth warms, some ice and
snow are likely to melt. Ice and snow are good reflec-
tors of sunlight. The dark ground that is exposed when

ice and snow tend to
reflect sunlight

—

as the atmosphere warms
ice and snow melt,
revealing the ground below

the snow and ice melts absorbs light. When the ice
and snow melt, less light energy from the sun will be
reflected and more will be absorbed by the Earth. This
would result in a positive feedback that would tend to
speed up the rate at which the Earth warms.

Climate scientists have identified a number of positive
and negative feedbacks in the climate system. Some of
them are well understood. Others are still only partly
understood. It is largely uncertainties about how these
feedbacks will respond to changes—how changes in
one element will change the whole system—that
make the science of climate change so uncertain and
controversial. Scientists use computer models of
what they know about how feedbacks work to make
projections about temperature and precipitation dis-
tributions, among others.

bare ground tends to absorb
more light than snow or ice,
converting it into heat
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The Impacts of Climate Change

The scientific consensus maintains that the earth’s
climate is changing, and that the emission of green-
house gases, especially carbon dioxide, is the single
most significant contributor to climate change. Gas
molecules can remain in the atmosphere for decades or
even centuries, and more recent emissions get added
to those of the past. Human activities over the last
several hundred years, most especially the burning of
fossil fuels (e.g., coal, oil, natural gas), have increased
the amount of greenhouse gases concentrated in the
earth’s atmosphere. As a result, human activity is largely
responsible for the climate change we are currently ex-
periencing and ongoing emissions from human activity
will continue to affect climate change in the future.

Climate change will cause changes in the natural en-
vironment, and changes to the natural environment
affect human lives. Scientists, however, cannot be cer-
tain exactly how the natural environment will change.
Historical evidence and more recent observational
data provide the information scientists can use to
make projections. However, scientists cannot predict
how climate change will ultimately impact human lives.
Impacts on human lives will depend upon how much
change there is, how fast it occurs, and how humans
choose to respond to these changes.

Throughout the next century, humans will be forced to
adapt to a changing world. Climate change will affect
where people are able to live, it will affect people’s
health, and it will affect agriculture, food supplies, and
the availability of fresh water. While there is no way

to avoid the impacts of climate change caused by past
human activities, researchers believe that the worst
impacts of climate change can be avoided if action is
taken soon.

Climate change results from complex interactions
among the various elements of the Earth’s climate sys-
tem, as well as from interactions between the climate
system and human activity. This complexity makes it
very difficult for humans to comprehend the relation-
ships of cause and effect that affect climate change or
to discern the consequences of their actions. Scientists
in many fields are continually working to understand
these interactions, and climate researchers use the
findings of research from various fields to make projec-
tions about how climate change will affect the Earth’s
natural systems and impact human lives. The following
section reviews these projections. When considering
any specific projection, it is always necessary to keep
in mind that the full effect of any individual impact can
only be appreciated when it is placed within the con-
text of complex interactions among the Earth’s many
natural and human systems.
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FIGURE 2.1:
AVERAGE GLOBAL TEMPERATURES

These scenarios each combine the
results of 19 different temperature
models. Models use variables
such as fossil fuel use to estimate
changes in average global temper-
ature. While many scenarios have
been developed, these exemplify
a range of potential outcomes.
The bottom (grey) line represents
temperature change if CO2 pro-
duction levels had remained static
after the year 2000.

source: IPCC 4th Assessment

How Scientists Make Projections

The climate in different regions depends upon complex
interactions within and among the various elements of
the Earth’s climate system, which includes the atmo-
sphere, the hydrosphere (oceans, lakes, rivers), the
cryosphere (sea ice, glaciers), the biosphere (marine
and terrestrial plants and animals), and land surface.
Climate researchers use computers to help them make
projections about how changes to one element of this
complex system, such as changes to the atmospheric
concentration of greenhouse gases, may affect other
elements of the system and therefore affect the climate.

Computerized climate models make use of two types
of data. The first are data that reflect what researchers
know about how the climate differs when the atmo-
spheric concentration of greenhouse gases differs.
For example, during the Eocene (50 million years ago),
tropical plants and animals ranged as far northward as
the subarctic and carbon dioxide concentrations were
1000 parts per million (ppm). By comparison, the cur-
rent concentration is 389 ppm. The second types of
data are socioeconomic. These include demographic
data (for example, population), economic data, and
data about the effects of technological change. Re-
searchers who study socioeconomic change construct
models that reflect different but equally plausible
assumptions about future socioeconomic conditions.
These models offer different profiles for greenhouse

global surface warming (°F)

2100
Year

gas emissions over time. Earth scientists, who focus
on the physical responses of the Earth’s climate sys-
tem, incorporate the emissions profiles from different
socioeconomic models into their own computerized
models. As a result, computerized modeling provides
various projections for climate change in different
regions of the world, and these reflect different as-
sumptions about population size, economic activity,
and use of technology.

In 2007, the IPCC issued its Fourth Assessment Report.
This report contains projections that offer a consensus
view about climate change and its impacts over the
next century. Taken together, the models project that
average global temperatures will increase somewhere
between 1-11°F by the end of the 21st century. Figure 2.1
reflects what the IPCC identifies as the best estimates
for a variety of socioeconomic assumptions. These
project an increase somewhere between 3-7°F. These
projections represent global average temperature
increases. Temperature increases in specific locations
can be more or less than these averages. In general, as
warming continues, land areas will warm more rapidly
than oceans, and higher latitudes will warm more
quickly than lower latitudes. Thus, for example, the
continental United States is expected to experience
more warming than average, and the Arctic is expected
to experience the most warming.

== Scenario A2
Intensive fossil fuel use, high population growth,
low economic growth

= Scenario A1B
Balanced combination of fossil and low-fossil technologies

= Scenario B1
Low carbon, low population growth, high economic growth

= Static CO, levels
CO, constant at year 2000 levels
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Agriculture

Of all human activities, agriculture is potentially most
vulnerable to climate change. How climate change will
effect agriculture is very difficult to project. In addition,
there is uncertainty about whether the net effects of
climate change will be positive or negative. Neverthe-
less, plants are very sensitive to changes in the environ-
ment. As plants respond to climate change, humans can
be expected to alter how they use the land, which will
alter local industries and trade patterns. These changes,
in turn, will likely affect the global food supply, and a
resulting fluctuation in food prices could place more
people at risk of hunger.

As the climate changes, plant development, plant
growth, and the productivity of crops will be affected.
Plants require carbon dioxide, so some believe that
increased atmospheric concentrations of carbon diox-
ide may, ultimately, increase productivity. However,
plants will also need to respond to higher average
temperatures and changing precipitation patterns. In
addition, as the climate changes plants and animals
may naturally migrate to more suitable climates. As a
result, ecosystems may be disrupted and plants will
likely face new pressures. As plants and animals come
to establish themselves in new regions, the mix of
weeds, pests, and diseases with which plants must
contend will likely change.

Scientists are currently working to understand how

these changes might affect crop yields and food sup-
plies over the long-term. Scientists project that, over-

Carbon Dioxide and Plant Growth

all, the effects of climate change will be experienced
regionally. For example, northern regions of the globe
may benefit as warming allows for longer growing sea-
sons and opens new areas for agriculture. In contrast,
extended periods of higher average temperatures and
an increase in heat waves may lead to drought. As a re-
sult, certain crops may no longer be able to be grown in
some regions. In many regions, an increase in extreme
weather events, such as hurricanes or floods, may lead
to more frequent crop losses. In addition, natural mi-
grations might affect overall pest populations, or the
levels of destruction pests cause.

All projections suggest that, across the globe, climate
change will require farmers to adapt their practices to
the changing climate. The most optimistic projections
suggest that productivity may increase in the northern
regions of developed countries and farmers in other
regions will be able to adapt by changing planting times
and seed varieties to match the changed local climates.
Less optimistic projections suggest that major changes
may be needed, such as the construction of new irriga-
tion systems, large shifts in planting times, increased
fertilizer application, and the development of new

crop varieties. In any region adaptation strategies will
require investments in new seeds, new crop varieties,
new infrastructure and further research. Projections
suggest that poorer communities across the globe, es-
pecially those in developing countries, will likely experi-
ence the worst impacts from climate change.

Will more carbon dioxide in the atmosphere cause trees and other plants to grow more? Maybe. Plants need carbon dioxide to
grow. Using sunlight and photosynthesis, plants change carbon dioxide and water into food. If plants have all the nutrients they
need, then giving them more carbon dioxide will cause many to grow more. Commercial growers often do this in greenhouses.
However, plants growing in natural environments often do not have all the nutrients they need, and may not grow faster, even if
there is more carbon dioxide. If some plants on land and in the oceans are naturally able to take more carbon dioxide out of the
atmosphere, they will grow faster. This would change the mix of plants, but might also slow global warming.
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FIGURE 2.3:

INCREASES IN VERY HEAVY
PRECIPITATION (1958 - 2007)
source: USGCRP Global Climate Change
Impacts in the United States, 2009

Water Supply

Fresh water is a necessary and valuable resource. How-
ever, across the globe, many people find it difficult to
locate fresh water of sufficient quality and in sufficient
quantities. Climate change will make this challenge
more difficult. In addition, it may increase the frequen-
cy and duration of floods, droughts, and heavy precipi-
tation. In general, as these changes occur, dry regions
may get drier and wet regions may get wetter.

Water Availability

Warmer temperatures are projected to threaten wa-
ter supplies across the globe. Hundreds of millions of
people depend on water from the seasonal melting of
ice and snow. Climate change is expected to increase
the amount of seasonal melt from glaciers and snow-
pack, increase the amount of precipitation that falls as
rain instead of snow, and alter the timing of snowmelt.
In the near term, melting of mountain ice and snow
may cause flooding; in the long term, the loss of these
frozen water reserves will significantly reduce the water
available for people, agriculture, and energy produc-
tion. Earlier snowmelt contributes to other impacts. In
the U.S., Western states have experienced a six-fold
increase in the amount of land burned by wildfires over
the past three decades because snowmelt has occurred
earlier and summers are longer and drier.

Water Quality

Climate change will affect the quality of drinking water
and impact public health. As sea level rises, saltwater
will infiltrate coastal freshwater resources. Flooding and
heavy rainfall may overwhelm local water infrastructure
and increase the level of sediment and contaminants
in the water supply. Increased rainfall could also wash
more agricultural fertilizer and municipal sewage into
coastal waters, creating more of what are called low-
oxygen “dead zones” in places such as the Chesapeake
Bay and the Gulf of Mexico.

More Floods and Droughts

A number of factors are expected to contribute to more
frequent floods. More frequent heavy rain events will
result in more flooding. Coastal regions will also be at
risk from sea level rise and increased storm intensity.
While some regions will have too much water, oth-
ers will have too little. Diminished water resources are
expected in semi-arid regions, like the western United
States, where water shortages often already pose chal-
lenges. Areas affected by drought are also expected to
increase. As the atmosphere becomes warmer, it can
hold more water, increasing the length of time between
rain events and increasing the amount of rainfall in an
individual event. As a result, areas where the average
annual rainfall increases may also experience more fre-
quent and longer droughts.

0-9%
10-19%
20-29%
30-39%
40-49%
50-59%
60-69%
70-79%
80-89%

90-99%
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Extreme Temperatures

Extreme temperatures, changing precipitation patterns,
and extreme weather events have become more com-
mon in recent years. This trend is expected to continue,
and these changes will seriously impact the natural en-
vironment, along with human health and human activi-
ties, such as agriculture. Although there is no way to de-
termine whether individual weather events are caused
by climate change, the types of extreme weather events
discussed below are the types of events scientists pre-
dict will become more common in a warming climate.

The 27 warmest years since 1880 (in terms of average
global temperature), occurred between 1980 and 2009.
This includes 2005, which was the warmest year over-

all. This warming trend has continued in recent years—
across the world, the first five months of 2010 were the
warmest ever recorded.

While average temperatures are rising, extreme tem-
perature events are also increasing. According to a
report by the U.S. Global Climate Change Research
Program, “extreme weather events, such as heat waves

Potential Impacts: U.S. Southwest

and regional droughts, have become more frequent
and intense over the last fifty years.” In 2003, a heat
wave across Europe caused 30,000 deaths, and, in
2010, a heat wave in Russia and Eastern Europe killed
thousands of people and destroyed a large fraction of
Russia’s wheat crop. In addition to deaths of people
and crops, heat waves also increase demands on gov-
ernment services and utility companies. During a heat
wave that hit the U.S. East Coast and Mid-Atlantic
states in 2010, cities devoted public safety resources
to establishing “cooling centers” for vulnerable popu-
lations and isolated blackouts occurred, as people
attempting to cool off made increased demands on
existing power supplies.

Recently, climatologists at Stanford University projected
that exceptionally long heat waves and other hot events
could become commonplace in the United States in the
next 30 years, and by the middle of this century, even
the coolest summers will be hotter than the hottest
summers of the past 50 years.

 Scarce water supplies call for trade-offs among com-
peting uses

 Increasing temperature, drought, wildfire, and invasive
species accelerate landscape transformation

» Increased frequency and altered timing of flooding in-
creases risks to people, ecosystems, and infrastructure

» Unique tourism and recreation opportunities are likely
to suffer
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Rising Sea Level

As global temperatures have increased, so have sea lev-
els. Almost fifty percent of the world’s population lives
close to the seashore, and rising sea levels will impact

humans, animals, and plants living on or near the coast.

In its latest report, the IPCC attributes sea level rise to
both thermal expansion and the melting of land-based
glaciers, ice caps and polar ice sheets. Thermal expan-
sion occurs when the ocean temperature rises and the
particles that make up the ocean start to move more
vigorously. This increases the overall volume of the
ocean, causing a rise in average sea levels. Researchers
have found, however, that the recorded sea level rise is
larger than could be expected from thermal expansion
alone. Over the last fifty years, mountain glaciers and
snow cover has declined on average, and the wide-
spread decrease in glaciers and ice caps has also been
found to contribute to current sea level rise. Data shows
that losses from the ice sheets of Greenland and Ant-
arctica have also likely contributed to an increased rate
of sea level rise from 1993 to 2003.

Scientists project that if nothing is done to decrease
greenhouse gas emissions, thermal expansion and melt-
ing ice may increase the global sea level by three to six
feet by the end of the 21st century. In addition, some
experts project that higher average temperatures of
the oceans will result in more intense hurricanes. As a
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result, these storms could do more damage than in the
past. When storm winds blow onto shore they cause wa-
ter to “pile up.” As the sea level rises, the amount of this
“storm surge” will increase, with the result that coastal
ecosystems may be flooded more often, some beaches
may be eroded more rapidly, and buildings and other
structures along the coast may suffer greater damage.
However, other experts doubt such changes will occur
and maintain that the projected rise in sea level should
mean that changes in storm surge under normal weath-
er conditions might be small.

Wealthy communities may be able to adapt to rising
sea levels using a combination of land-use laws and
technologies such as dikes and storm surge barriers to
minimize damage. In contrast, heavily populated coast-
al areas in poorer communities might suffer enormous
losses of life and property. In the long run, if sea level
continued to rise, even wealthy communities might
begin to experience serious costs. Many of the world’s
biggest cities, including Jakarta, Mumbai, New York,
Tokyo, and Shanghai, are in low-lying coastal locations.
If, as seems likely, these cities respond to sea level rise
by constructing dikes and storm barriers, rather than
by relocating, the result over hundreds of years could
be that a growing proportion of the world’s population
would live in locations below sea level that are vulner-
able to sudden catastrophic floods.

 Declining snowpack reduces summer streamflows,
straining water resources including those needed for
hydroelectric power

« Increasing wildfires, insects, and species shifts pose chal-
lenges for ecosystems and the forest products industry

 Rising water temperatures and declining summer stream-
flows threaten salmon and other cold water fish species

« Sea-level rise increases erosion and land loss
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Ocean Acidification

Researchers have found that almost half of the carbon
dioxide emitted by humans’ increased burning of fossil
fuels has been absorbed by the oceans. This has helped
to slow global warming, but it has also increased the
acidity of the world’s oceans. Ice core measurements
show that oceans have not been as acidic as they now
are for at least 650,000 years. Although they know that
the current acidity is greater than that of the past, scien-
tists are not able to determine how specific species will
be affected by the increasingly acidic water.

However, scientists have raised concerns about cer-
tain species that are a vital part of the ocean’s food
web. First, researchers have identified coral reefs as
particularly vulnerable to ocean acidification. Coral
reefs sustain two-thirds of all marine fish species and
they support human communities by providing fish-
eries and storm protection. Increasing acidification
weakens existing coral and makes it difficult for new
coral to form. In addition, over time, raised acidity
can dissolve the shells of many organisms, deforming
them and leaving them defenseless to predators. This
process will not only harm species, such as lobster
and mussels, but it will also injure smaller organisms
that provide food for larger animals.

Potential Impacts: Alaska
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Sea Ice, Glaciers and Ice Sheets

Arctic sea ice and land-based ice, such as glaciers, play
an important role in the climate system. Snow and ice
reflect sunlight, while open water and land tends to ab-
sorb it. A loss of ice on land and sea will mean that the
earth absorbs more sunlight. As a result, a loss of ice
can intensify and accelerate climate change.

Shrinking Arctic Sea Ice

Since the 1950s, the area covered by summer sea ice has
declined three times faster than projected by climate
models. In 2007 Arctic sea ice shrank to the smallest
summertime extent ever observed, opening the North-
west Passage for the first time in human memory. In
2010 Arctic sea ice decreased to the lowest volume ever
observed. That is, the area covered by sea ice was slight-
ly larger than in 2007, but the ice itself was thinner. Sci-
entists are concerned that thinner ice is more suscep-
tible to melting in the future, which may accelerate sea
ice loss. As warming continues, scientists project that
the Arctic Ocean will become largely free of ice during
the summer, with some climate models projecting that
the opening of the Arctic will occur before 2080.

 Declining snowpack reduces summer streamflows,
straining water resources including those needed for
hydroelectric power

« Increasing wildfires, insects, and species shifts pose chal-
lenges for ecosystems and the forest products industry

 Rising water temperatures and declining summer stream-
flows threaten salmon and other cold water fish species

« Sea-level rise increases erosion and land loss
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The loss of Arctic sea ice is likely to have serious global
implications. Many marine animals, such as seals, polar
bears, and fish, depend on sea ice. With a loss of sea ice,
these animals will lose access to their feeding grounds
for long periods, which will make it difficult for these
populations to be sustained. In addition to the effect on
Arctic ecosystems, impacts from the loss of sea ice may
include dramatic ecological shifts or even new security
issues as nations attempt to extend their economic and
military influence into previously closed Arctic seaways.

Loss of Glaciers

Glaciers serve as an important resource of fresh wa-
ter that supports people and agricultural production.
As glaciers retreat, these communities will lose this
resource and they may also experience floods, avalanch-
es, or landslides triggered by glacial melt.

Research shows that glaciers are already declining.
Mountain glaciers at all latitudes have retreated, in-
cluding those in the Himalayas of Central Asia, the An-
des of South America, and the Rockies and Sierras in
the United States. Montana’s Glacier National Park is
expected to lose its glaciers by 2030. Scientists project
that, as a result of climate change, many mountain gla-
ciers will be gone by the middle of the 21st century.

Loss of Land-Based Ice Sheets

Greenland and Antarctica are both covered by ice
sheets that have experienced net losses in recent years.
Recent research finds that this loss has been accelerat-
ing and Greenland is losing ice twice as fast as scien-
tists had previously estimated. Melting ice sheets add
billions of tons of water to the oceans each year. In the
future, a warming ocean may accelerate the loss of ice,
leading to a more rapid sea level rise.

Natural Ecosystems

Scientists have reconstructed the history of past cli-
mates, such as ice ages, and shown that the ecology
of entire continents has undergone profound changes.
In general, researchers find that natural systems have
often adapted to gradual climate change that occurred
over many thousands of years. However, they also find
instances in which rapid change, such as sudden shifts
in ocean currents, have caused widespread species ex-
tinctions and the collapse of natural ecosystems.

If change occurs slowly, the mix of species that inhabit a
particular ecosystem may change as the climate chang-
es. As the climate changes, species can be expected to
migrate to more suitable climates. However, some spe-
cies may become trapped by barriers such as mountain
ranges or large cities and be unable to move. As a result,
species that have developed a relationship of depen-
dence with other species may face new challenges. For
example, some birds have evolved a breeding cycle that
is connected to the breeding cycle of certain butterfly
species. These butterflies provide a resource of food for
the birds. If climate change alters the time of year when
the butterflies or the birds breed, these birds may lose
their food source.

On the other hand, the ecological disruptions caused by
climate change may not be as large as those caused by
major changes in human activities. Historically, humans
have had a profound effect on ecosystems. Changes in
human land use are probably the most significant. For
example, there have been enormous ecological impacts
associated with the European settlement of North
America over the past 300 years.

Yet, while the ecological disruptions caused by climate
change may not be as large as those caused by major
changes in human land use, they still could be severe.
The impact of these disruptions depends critically on
how rapidly the climate changes.
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Public Health

Health effects from climate change can be direct or
indirect. Peoples’ health might be impacted by the
changing climate itself, or they may experience health
impacts from the ways climate change alters the nat-
ural environment, ecosystems and human activities
such as agriculture.

The U.S. Centers for Disease Control and Prevention
have identified a number of health effects likely to be
associated with climate change, including an increase
in heat-related illnesses and deaths from more frequent
heat waves, a rise in asthma and other respiratory ill-
nesses due to increased air pollution, higher rates of
food and water related diseases, and an increase in the

impacts of extreme weather events such as hurricanes.

In addition, some scientists have suggested that dis-
eases borne by insects, such as mosquitoes, might be-
come more common in a warmer world, or that these

Potential Impacts: U.S. Northeast
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diseases may shift their ranges into populations that
do not have as many natural defenses or familiarity
with managing such outbreaks.

Some researchers are also concerned that in some re-
gions of the world malnutrition, hunger, and diseases
associated with these conditions will increase as climate
change causes changes in food supplies and food prices.

Alternately, some researchers suggest that, when
compared to current threats to human health such as
viral epidemics and environmental pollution, the risks
from gradual climate change are likely to be modest.
However, the U.S. Global Climate Research Program
cautions that children, the elderly, and the poor are at
the greatest risk for negative health impacts from even
modest climate change.

» Extreme heat and declining air quality are likely to pose
increasing health risks

» Production of milk, fruits, and maple syrup is likely to be
adversely affected

» More frequent flooding due to sea-level rise, storm
surge, and heavy downpours
» Reduced snow negatively affects winter recreation

+ Lobster fishery continues northward shift; cod fishery
further diminished
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Impacts and the Rate of Change

The effects of climate change will differ from place-to-
place. How this change will impact people will likely de-
pend on the rate at which the climate changes and the
resources people have to adapt to these changes. Most
scientists believe that if significant climate change oc-
curs it will take place gradually over a period of many
decades. However, there is some chance that climate
change will be abrupt, perhaps brought on by a sudden
shift in the general pattern of ocean circulation. Most
scientists believe that such catastrophic change is un-
likely, but not impossible.

If change is gradual, the overall economic impact on
wealthy communities will probably be modest. As the
climate changes wealthier communities may be able to
use technology to reduce direct impacts. For example,
they might develop new crop varieties, construct new
water management systems, and limit coastal devel-
opment. Although some regions may experience large
costs, others may experience large benefits. Nationally
the total costs could add up to many billions of dollars.
However, if change happens abruptly, the economic
costs to wealthy communities could be very large.
Significant new investment might be needed in a very

Potential Impacts: U.S. Southeast

short period of time. Even with new investment, ad-
aptation strategies might be difficult to implement in
just a few years.

In contrast, people living in poorer communities have
far fewer resources for adapting to even gradual chang-
es. In many poor communities, peoples’ lives depend
much more directly on a specific climate. Their agricul-
tural practices, their housing, and many other aspects
of their way of life are adapted to local climate condi-
tions. These communities lack the resources for imple-
menting adaptation strategies. Change may also be
more difficult in these communities because of strong
cultural traditions and relatively low education levels.

Whether wealthy or poor, people in all regions may have
difficulty adapting. There will be costs associated with
farmers’ adopting new agricultural practices, and people
may find it difficult to adjust as insect and other pests
migrate to new habitats. Coastal communities and low-
lying islands may experience significant damage from in-
creasingly severe storms and some could be permanent-
ly flooded by rising sea levels. Droughts in regions such
as Africa, Australia, China and the Southwestern United
States might become more serious. Climate change may

« Increases in air and water temperatures stress people,
plants, and animals

» Decreased water availability is very likely to affect the
economy and natural systems

» Sea-level rise and increases in hurricane intensity and
storm surge cause serious impacts

» Thresholds are likely to be crossed, causing major dis-
ruptions to ecosystems and the benefits they provide
to people

» Severe weather events and reduced availability of insur-
ance will affect coastal communities
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cause disruptions in food supply, increased disease, and

permanent or long-term economic dislocation for some.

The social tensions resulting from these changes could
lead to political unrest and large-scale migrations.

While many of the impacts of climate change are ex-
pected to be negative, some might be positive. Heat-
ing costs in northern areas might decline, agricultural
productivity in northern regions might be improved,
and the amount of sunlight available for grain crops
might increase as the regions where they grow shifts
further north.

Historically people have been able to adapt to natural
and man-made changes to the local environment, and
across the globe people have been able to establish
societies in a range of climates. In the U.S., for exam-
ple, communities already exist successfully in Alaska,
Arizona, and Florida. These states span a range of
climates much wider than any projected changes.
Nevertheless, whether climate change is gradual or
abrupt, any response to it will require people to com-
mit resources towards developing and implementing
adaptation strategies.

Potential Impacts: U.S. Great Plains & Midwest

« Increasing temperature, evaporation, and drought fre-
quency compound water scarcity problems

» Agriculture, ranching, and natural lands are stressed by
limited water supplies and rising temperatures

« Alteration of key habitats such as prairie potholes affects
native plants and animals

» Heat waves, air quality problems, and insect and water-
borne diseases increase

» Reduced water levels in the Great Lakes affect shipping,
infrastructure, beaches, and ecosystems under a higher
emissions scenario

« More periods of both floods and water deficits occur

» Floods, droughts, insects, and weeds hurt agriculture

« Diseases and invasive species threaten native fish and
wildlife
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Climate Change and the Campus

The climate is changing, and human activities that emit
greenhouse gases are having a significant impact on the
rate and extent of the change. As we make decisions
about how to address climate change, we can rely on
this accepted knowledge from the international scientif-
ic community, but we must, ultimately, make decisions
based on projections that are necessarily uncertain. In
the end, climate change requires that we do the public
work of citizenship. We must work together to build
relationships across several levels, from the interper-
sonal to the international, and we must make informed
decisions about strategies in the present that will have
impact in the future.

Universities can play a particularly valuable role in ad-
dressing climate change. Universities are economic en-
gines that provide great benefits to their communities.
However, universities also can account for a large per-
centage of a community’s greenhouse gas emissions.
The energy used each day by thousands of students
and employees to commute, to heat and cool buildings,
to power sophisticated lab equipment, to light perfor-
mance spaces and sports facilities, and to power every
other function of a University all adds up to create a
large “carbon footprint.”

At the same time, as “mini-cities” relatively free to set
policies to manage their immediate local environments,
universities can be a valuable place to develop and test
strategies and promote behaviors at a scale that allows
students, staff, faculty, and alumni to appreciate how in-
dividual action can contribute to significant change.

In addition, within and across the many colleges at

a university research can be directed to developing
knowledge about the complex and interacting natu-
ral, political, and social systems that affect climate
change and the ways in which humans might respond
to it. Researchers can also rely on established na-
tional and international networks to conduct research
and disseminate information.

Universities also provide a good environment to pro-
mote stewardship and innovation, both on campus and
in surrounding communities. Across all the colleges at
a university, courses, internships, research programs,
and community outreach initiatives can be developed
that allow students and residents of surrounding com-
munities to learn about the challenges, discover op-
portunities for innovation, and realize possibilities for
community and economic development that emerge as
a result of climate change.

As an economic engine, an incubator of innovation, and
as a resource for research, education, and community
outreach, universities can have an influence on public
policy. The policies and practices adopted at a univer-
sity can be expected to affect change at the personal
and local level, influence policy at the regional level,
and, through education and research, the university de-
velops the leaders, the strategies, and the relationships
that can influence policies and practices at national and
international levels.
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Addressing Climate Change

Climate change is a global concern. Any serious effort
to address climate change will require international
cooperation and coordination. However, greenhouse
gases are emitted from local sources (household heat-
ing and cooking, automobiles, power plants). Thus, to
address climate change, people will need to take ac-
tion that promotes changes at a number of levels: per-
sonal, local (campus, city, and state), regional, national,
and international.

Strategies for addressing climate change are generally

separated into two categories: mitigation and adaptation.

Mitigation

Mitigation strategies are actions people take to de-
crease greenhouse gas emissions. They include energy
conservation, energy efficiency, and use of energy
sources that emit no greenhouse gases, such as solar
or nuclear power. When thinking of mitigation strate-
gies, it may be useful to consider that each individual,
institution, and community creates a ‘carbon footprint’
from their use of fossil fuels. Mitigation strategies are
designed to decrease the size of that footprint.

Adaptation

Adaptation strategies are actions people take to man-
age the effects of a changing climate. As a result of past
greenhouse gas emissions, the climate is changing, and

A Third Strategy: Geo-Engineering

this change will continue into the future. Climate change
will affect where people are able to live, it will affect

people’s health, and it will affect agriculture, food sup-
plies, and the availability of fresh water. The effects of
climate change will differ in various regions, but all re-
gions of the globe will face the challenge of adapting to
climate change. Addressing climate change will require

planning that coordinates strategies. Choosing the ap-

propriate combination of strategies will be challenging.
Each will cost money, pose problems, and offer benefits.

A university and its students, faculty, staff, and alumni
can respond to climate change by adapting or altering
everyday practices in order to decrease their carbon
footprint and become a more sustainable community.
In addition, universities can address climate change by
focusing research, education, and community outreach
in ways that promote innovation and develop knowl-
edge about the challenges of climate change and the
strategies that can be used to address it.

Below we profile a number of strategies. As you con-
sider each, we encourage you to consider how universi-
ties—as sustainable communities and as institutions of
research, education, and outreach—can serve as a test-
ing ground that provides the commitment, knowledge
and resources to implement, develop, and improve
these strategies.

Geo-engineering is a third type of strategy for addressing climate change. Geo-engineering strategies seek to change the earth’s
natural environment (e.g., atmosphere and oceans) to reduce the amount or effects of climate change. For example, the amount

of sunlight that strikes the earth might be reduced either by putting small particles into the high atmosphere or inducing cloud

development so that there will be more cloud cover over the earth. The idea of both of these geo-engineering strategies is to re-

duce the warming effect by reflecting more sunlight back into space.

Geo-engineering strategies may prove to be less costly, and some researchers believe they may provide more rapid and direct
ways for addressing climate change. However, currently geo-engineering is not considered an ideal option. Given the earth’s
complex and dynamic systems, many researchers worry about irreversible or unintended side effects associated with geo-
engineering mitigation strategies, such as a change to existing rainfall patterns or damage to the ozone layer. In addition, the
belief that geo-engineering is an option may discourage people from making the hard choices that would lead to a reduction of

greenhouse gas emissions.
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Mitigation Strategies

To mitigate climate change, we will need to take actions
that restore our climate to a healthier physical condi-
tion. Mitigation strategies attempt to decrease the car-
bon footprint of individual and collective human activity
by decreasing the emission of greenhouse gases.

Most greenhouse gases are produced by burning fossil
fuels. Fossil fuels, such as oil, coal and natural gas, are
used in nearly aspect of our economy. When consider-
ing mitigation strategies, it is helpful to conceptualize
people’s fossil fuel consumption as either direct or in-
direct. The gasoline people use to power their cars or
the coal used to generate electricity are examples of
direct energy consumption. However, fossil fuels are
also burned to provide energy for manufacturing the
goods and services people use. The fossil fuels used in
the manufacturing process—such as the energy used
to manufacture a computer—contribute to a person’s
indirect consumption.

Different mitigation strategies can be used to target
either direct or indirect consumption. “Supply side”
strategies reduce greenhouse gases from the direct use
of fossil fuels. For example, using renewable energy
sources, such as wind or solar, rather than burning coal
to generate electricity is a supply side mitigation strat-
egy that targets direct consumption. Installing energy
efficient appliances that consume less energy is a “de-
mand side” strategy that represents an indirect way of
reducing greenhouse gas emissions.

People may readily recognize which of their activities
contribute to their carbon footprint (for example, their
personal use of electricity and gasoline). However, to
fully appreciate the impact of their personal choices and
actions, people must take into account the fuel used to
transport the goods they use, as well as the amount of
energy used to create products and provide services.

Below we profile a number of mitigation strategies.
This should not be considered an exhaustive list. In
profiling these strategies, we also identify some of the
common challenges to achieving meaningful green-
house gas reductions.

Energy Efficiency

Energy efficiency involves reducing the amount of en-
ergy needed to provide a given service. For example,

older home heating systems (such as boilers) convert

about 70% of the energy they use to heat; the remain-
ing 30% is wasted. Newer efficient heaters can convert
90%. Thus, they can provide the same level of service
while using less energy. Energy efficiency may require
people to spend more money initially (to buy the
heater) to get savings later (lower gas/electricity bills).
However, consumers generally make choices based on
lower initial price. Thus, governments may have to pro-
vide incentives that promote energy efficient choices
(for example, the hybrid car tax credit). Vermont and
California have programs to promote energy efficiency.
As a result, people in Vermont and California use less
energy than other Americans, without sacrificing the
quality or quantity of their energy services.

Energy Conservation

Energy conservation involves people changing their
behavior so that individuals, businesses, and institu-
tions consume less energy. For example, homeowners
could conserve energy for home heating by lowering
thermostat settings. However, this could result in less
comfort and it may involve a routine effort that people
will find difficult to sustain. That is, homeowners would
have to continually check to make sure that their ther-
mostat is set properly.

It is important to recognize that energy efficiency is not
the same as energy conservation. Conservation strate-
gies require people to change their behavior and alter
their daily routines so that they consume less energy.
Efficiency strategies, on the other hand, do not require
people to consume less energy. Instead they use less
energy to provide people with the same level of ser-
vice. For example, if people install an energy efficient
appliance for heating, they will receive the same level
of service and they will use less energy, but they will
not have to alter thermostat settings.

Education and outreach can reduce greenhouse gases
by informing people how to make impactful decisions
that will reduce their energy consumption. Education
might, for example, encourage people to buy energy
efficient light bulbs, to line dry their clothes, or to use
their bike instead of driving.

REDUCE EMISSIONS FROM FOSSIL FUEL-POWERED PLANTS:
Electricity generation and use is the largest source of
carbon dioxide emissions in the U.S. Currently, there
is no single option that will replace existing energy
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FIGURE 3.1
DECREASING CO, EMISSIONS

Adopting changes in these tech-
nologies would allow electric
utilities to slow, halt or decrease
CO, emissions by 2030 while
still supplying safe, affordable
electricity.

source: Electric Power Research Institute
(adapted for this document)

sources while producing the same amount of energy.
However, there are several options that can be used
together to achieve reduced emissions. As people
make choices about mitigation, they will likely have to
employ a portfolio of strategies.

CARBON CAPTURE AND SEQUESTRATION (cCS):
Equipment can be added to fossil fuel-powered plants
to capture carbon dioxide before it escapes to the air.
The carbon dioxide gas is turned into a liquid. A pipeline
takes it from the plant and puts it permanently in rock
formations more than half a mile underground (more
than 10 times deeper than drinking wells). Most of the
carbon dioxide will dissolve in the salty water within the
rock formations and may eventually turn into minerals.

PRODUCE ELECTRICITY USING LOWER/NO CARBON FUELS:
Natural gas emits less greenhouse gases. Using natural
gas plants in place of coal plants would reduce direct
greenhouse gas emissions. Replacing coal plants with
nuclear plants would eliminate all direct greenhouse
gas emissions.

USE RENEWABLE SOURCES TO PRODUCE ELECTRICITY:
Using wind or solar would also eliminate all direct green-
house gas emissions. However, these fuel sources are
intermittent: they cannot make electricity when it is not
windy or sunny. In the future, very large batteries could

store electricity from solar and wind, but currently such
batteries are very costly. Hydropower could be used as
a fill-in, but it, too, is not always available. Lower carbon
options, such as natural gas power plants, can be
built to work with the intermittent energy produced
by solar and wind.

INCREASE FOSSIL FUEL ENERGY PRICES:

A “carbon tax” or “cap-and-trade” system would raise
the prices of carbon-intensive products and services
(for example, electricity from coal plants). Increasing
prices for these products would reduce their demand
and stimulate innovation for lower-carbon products and
services. Lower-carbon services (for example, electricity
from renewable sources) would become more cost-com-
petitive. However, these policies have been politically
difficult to achieve.

Figure 3.1 shows one proposed combination of strat-
egies that could cut carbon dioxide emissions from
electricity generation in the U.S. by 41% by 2030. The
strategies in Figure 3.1 assume significant emissions
reductions will be achieved by energy efficiency, use
of renewable energy, and use of nuclear power. These
strategies would require considerable investments
now at a scale that is not currently planned. Without
such investments, the reductions shown below will
not be realized.
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Adaptation Strategies

Adaptation strategies are a reaction to the expected or
observed impacts of climate change. Even if all green-
house gas emissions stopped today, the elevated con-
centrations of greenhouse gasses currently in the at-
mosphere are contributing to the climate change that
is projected to continue for many generations. Adapta-
tion strategies are those strategies people will develop
as they attempt to cope with a changing climate.

Adaptation strategies can include:

 Planning water systems and developing new irriga-
tion practices to account for expected precipita-
tion changes,

« Developing new crop strains, changing agricultur-
al practices, and adjusting food supply systems to
avoid climate change risks,

 Relocating people, agriculture and industry away

from coastal areas,
Creating “migration corridors” through human
settlements such as cities that enable plants and

animals to move in response to changes in the
natural environment,

« Building more sustainable, adaptable infrastructure
systems that will be less sensitive to risks associated
with climate or climate change.

Some adaptation is already occurring. People are tak-
ing actions to protect coastal areas sensitive to sea
level rise, researchers and public officials in many plac-
es are developing plans to prevent or respond to the
impacts of increasingly intense heat waves, and engi-
neers are designing infrastructure systems for changes
to water availability.

It can be very difficult to confidently plan adaptation
strategies. The impact of future climate change is uncer-
tain. As result, the feasibility, limitations, and impact of
adaptation strategies are all the more uncertain. There
are significant opportunities for research that will help
determine the potential costs and benefits of various
adaptation strategies. Mitigation strategies can prevent
climate change, but some researchers suggest that we
should also be investing today in research and planning
that will help people adapt to the future negative im-
pacts of climate change.

Coordinating Strategies

Many aspects of our economy, our infrastructure sys-
tems, our fuel sources, and our daily behavior contrib-
ute to greenhouse gas emissions. As a result, people
will need to consider many supply and demand side
strategies, and multiple strategies will need to be de-
ployed simultaneously to achieve meaningful green-
house gas reductions. It should also be emphasized that
only mitigation strategies—not adaptation strategies—
can slow and eventually stop climate change.

Any individual strategy has strengths and weakness.
Each strategy is subject to considerable uncertainty,
and each strategy will affect various stakeholders dif-
ferently. Any strategy will have benefits, costs, risks
and limitations. For every strategy people may need
to consider political, economic, social, environmental,
technical, or legal concerns. Thus, effective planning
for climate change requires complex analyses that may
involve research in many fields. This research will need
to be comprehensive and involve careful attention to
the likely affects of any strategy.

For example, developing biofuels, such as ethanol from
corn, was once embraced as a promising strategy. How-
ever, in order to replace the food that is used for biofuel
production, people are likely to clear forests in order
to create new croplands for food production. Recent
research suggests that, as a result, if we were to replace
gasoline with biofuels we may actually increase green-
house gas emissions. Similarly complex analyses would
be needed to identify any shifts in environmental bur-
dens from one domain to another. For example, wind
turbines and solar arrays require a great deal of open,
cleared land. This can be hazardous to some wildlife.
Thus, the environmental concern can shift from climate
change to the effect of mitigation strategies on wildlife.

Since our society relies so heavily on carbon intensive
goods and services, choosing the appropriate combi-
nation of strategies will be very challenging. Meaning-
fully reducing greenhouse gas emissions will likely be
costly and take considerable effort. Investing in a com-
bination of strategies will require people to consider
many dimensions as they make hard choices.
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Climate Change and the Campus

Universities have opportunities to influence climate
issues across a broad set of activities. Campuses are
leading centers of education, research, and outreach.
Moreover, campuses are like small cities, with build-
ings and other infrastructure that can be operated in
a more climate friendly manner.

Demand Side Mitigation:

Energy Conservation and Efficiency

Climate change mitigation strategies on campus will
mostly depend on demand side mitigation, including
energy efficiency and conservation actions. Efficiency
and conservation strategies can be pursued through
campus policies but these will also need to be support-
ed by education and outreach initiatives.

POLICIES:

Institutional policies are an effective means for reduc-
ing energy consumption. For example, campus policies
can include setting university owned computers to go
into a lower power state when not in use, installing mo-
tion sensors to control lighting, replacing inefficient win-
dows, adjusting heating and air conditioning settings,
and purchasing more efficient appliances.

BUILDINGS:

Campuses manage a significant number of buildings
and support infrastructure that affect energy use. The
energy required to support buildings is typically a large
fraction of the greenhouse gas emissions from a cam-
pus. In addition to addressing climate change, efficien-

cy and conservation strategies can also save money
by reducing utility expenses. Thus, universities receive
several benefits when they take measures to reduce
the greenhouse gas emissions associated with building
energy consumption.

Some campuses pursue conservation by holding compe-
titions to see which dorm can reduce the most energy
consumption. However, conservation, which achieves
energy reduction through behavior changes, often
demonstrates a limited energy reduction potential.
Many campuses prefer to pursue aggressive energy
efficiency alternatives to achieve significant emissions
reductions that do not depend on individuals changing
their behavior.

TRANSPORTATION:

Universities can mitigate greenhouse gas emissions
through strategies aimed at the campus’ fleet of vehi-
cles; student, faculty and staff commuting; and business
air travel. There are many incentives that a university
can create to accommodate commuters, including facili-
tating and offering incentives for carpooling, subsidizing
public transportation for campus community members
and providing safe and efficient bike and walking paths.
Air travel can also be a large contributor to a campus’
carbon footprint. Providing easy access to teleconfer-
encing could reduce greenhouse gas emissions from
travel while also making it easier and far cheaper for fac-
ulty and staff to connect with colleagues electronically.
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LIFE CYCLE CONSUMPTION:

Each university purchases food, as well as other prod-
ucts and services for the benefit of the campus commu-
nity. Considering the life cycle of these products prior
to making purchasing decisions may allow universities
to make more sustainable choices. For instance, buy-
ing locally grown fruits and vegetables and encourag-
ing less carbon-intensive eating practices (for example,
having “meatless Mondays” on campus) may help to
reduce the campus’ carbon footprint.

OUTREACH AND EDUCATION:

Campuses are especially well equipped to provide fac-
ulty, staff, and students, as well as the local commu-
nity, with information to promote efficiency and con-
servation efforts. This can be achieved both in formal
classrooms and as informal activities around campus.
For example, Indiana University and Harvard recently
instituted a dormitory energy conservation competi-
tion. This competition, which reduced dormitory en-
ergy consumption also acted as a vehicle for students
and staff to become more informed about energy con-
sumption and conservation. Larger impacts may also
be gained when campuses pursue research in and offer
courses or majors related to green design, energy engi-
neering systems and environmental policy.

Supply Side Mitigation

Universities that wish to significantly reduce green-
house gas emissions will likely have to pursue carbon
reductions on the supply side. However, supply side
options may increase the operating costs of the uni-
versity, and these increases could in turn be passed
on to the students in terms of tuition or fee increases.

GENERATING LOW-CARBON ENERGY ON CAMPUS:

If a university has the space and infrastructure, it may
be able to generate its own energy. Institutions that
already generate their own electricity may be able to
install technologies for combined heat and power, us-
ing the waste heat from electricity generation to heat
the campus. Universities that own agricultural land
could invest in wind turbines. Building new infrastruc-
ture requires an initial cost to the university. However,
the university may recoup some of this cost over time
from generating its own energy.

BUYING LOW-CARBON ELECTRICITY:

Most universities will only be able to reduce carbon
emissions on the supply side through indirect means.
Some utility companies offer programs through which
universities can buy electricity generated from low-
carbon sources, such as wind and solar.

23

Section 3



Making Climate Decisions

As climate change moves to the forefront of public
attention, colleges and universities are uniquely po-
sitioned to make a significant contribution to public
discussions about how to address climate change.
Universities are already centers for climate change
and energy research. In addition, the steps universi-
ties take to reduce their carbon footprint will influence
the thoughts and habits of students, faculty, staff, and
alumni, all of whom may influence the decisions made
about climate change in their communities off campus.

Making informed decisions about climate change re-
quires people to understand the science of climate
change and to understand something about the strat-
egies that can be used to address it. Given this infor-
mation, people must weigh the potential costs and
benefits of various strategies.

However, climate change also requires people to con-
sider what they value. Climate change affects everyone,
and everyone has a stake in deciding what should be
done. Some strategies for addressing climate change
will involve personal choices about localized actions
that may be implemented relatively easily. However,
the strategies that will have the most impact will re-
quire people to alter the practices, structures, and
infrastructures of their institutions and communities.
Today, the world is powered by fossil fuels. Globally,
our practices, structures, and infrastructures reflect
this reality. Climate change, too, is a reality, and signifi-
cant changes will be necessary if people hope to reduce
greenhouse gas emissions to levels that will allow them
to avoid the worst impacts of climate change. Some
have argued that addressing climate change will require
an initiative like the “Manhattan Project,” which re-
sulted in the United States’ development of the atomic
bomb, or the “race to the moon,” which led to astro-
nauts walking on the moon in 1969. That is, some sug-
gest that people will need to generate similar levels of
political will and commit significant resources of people
and money to address climate change.

Climate change will require people to make individual
decisions and engage others in decision-making. As
individuals, we will decide what actions we should take
(at home, in the workplace, for transportation, etc.). As
citizens, we will work with other members of our com-
munities to shape public policy. As members of a cam-
pus community, students, faculty, staff, and alumni will
need to learn what avenues are available for changing
individual activities, for working with colleagues and
peers to promote changes in teaching and research, for
working with a university’s administration to promote
sustainable practices, and for working with other com-
munities to promote change at the local, regional, na-
tional, and international levels.

Public deliberation requires more than people express-
ing the choices they would make. The most important
value of public deliberation is that it provides an oppor-
tunity for people to share the reasons why they would
make certain choices. Public deliberation provides a
venue for people to ask questions, to learn from others,
to express their own perspectives, and to share the par-
ticular knowledge they have about issues and options.
The collective knowledge and fuller understanding of is-
sues, options, and various perspectives that can develop
during deliberation becomes the resource necessary for
individuals to develop an informed opinion.

Below are several questions that are likely to prove par-
ticularly important as people work to shape policies on
their campuses and in their communities. There is no
one right answer to these questions, but the answers
people have to these questions will affect the choices
they make about particular policy options. More to the
point, people will have different reasons why they will
answer these questions in certain ways. These differ-
ences are important and valuable.
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Suppose you or a friend wants to decide which policies
to support. Your decision will likely depend on several
considerations. By combining your beliefs about these
considerations, you can come to a general conclusion

about which policy to support.

1. How much do you think the climate will change,
and what impact do you believe that change
will have on the things you care about?

In responding to these questions, your judgment will
not only reflect what you believe about climate change.
It will also reflect what you value. For example, you
and your friend might agree that climate change will
destroy many of the world’s most sensitive ecosystems,
but you may disagree about how much you value those
ecosystems. As a result, you each might rate the impact
of climate change differently. The person who values
them highly may rate the impacts of climate change as
moderately bad or very bad. The other person, who is
perhaps mainly concerned with the economic impacts
of climate change and doesn’t think sensitive ecosys-
tems are of the greatest importance, might consider
the overall impact of climate change not as bad.

2. How much should be spent on strategies
to address climate change? Who should be
responsible for paying these costs?

Unlike the case above, where we were dealing with val-
ues, here we are dealing with costs that can be quanti-
fied. Some people believe that it would be best to spend
small amounts of money to reduce emissions moder-
ately in the near-term while we work to gain a clearer
picture of the future. Others believe the future is clear,
that we must act now, and we should commit significant
amounts of money to drastically reduce greenhouse gas

emissions. Regardless of how much money you think
should be spent, you will also have to consider who
should incur the costs and how. Should consumers pay
fees, fines, or taxes to advance policy initiatives? At a
university, should students be expected to provide the
money needed or should the institution look to raise
money from other sources, such as alumni, the govern-
ment, private foundations, or their endowments?

3. How should individuals and institutions be
held accountable for realizing policy decisions
aimed at reducing their ‘carbon footprint’?
Who should be responsible for ensuring
accountability: individuals or institutions?

When thinking about policies, people need to think
about how to insure people will adhere to any policies
that are adopted. They will need to think about who

is responsible for ensuring that people do adhere to
policies, and they will need to think about how people
should be held accountable if they do not. The most
basic option here is to rely on individual choice for
the realization of policy initiatives. Other options may
involve peer pressure, with community members as-
suming some level of responsibility for promoting,
encouraging, or regulating the behavior of their peers.
Alternately, institutions might assume the responsibil-
ity for promoting new behaviors and regulating com-
pliance. When the responsibility shifts to institutions,
people will need to consider whether they wish to use
a carrot or a stick to promote, encourage, and regulate
people’s adherence to policies. That is, does the insti-
tution develop some system that rewards people when
they take actions in line with the policies or does the
institution develop some system of fines or punish-
ment for those who do not?
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4. How much responsibility do you feel
to future generations and to people in
communities distant from your own?

Some regard climate change as an ethical issue. The sci-
ence of climate change and projections based on this
science allow people to imagine what the impact of
any public policy might be. However, while any public
policy will have local impact, because climate change is
a global phenomenon, local policies will also have some
level of impact on the future and beyond our local com-
munities. As an ethical issue, climate change requires
us to consider what implications any policy proposal
will have for future generations and for people living in
communities distant from our own.

5. What strategies would you be willing to
actively support?

There are many strategies explained in this booklet (or
elsewhere), but you need to support the ones that make
the most sense for you. This might include a transi-

tion to more use of renewable energy sources, nuclear
power, a commitment to green building practices in all
construction, initiatives for student and departmental
energy conservation, or some combination of these.

Public deliberation provides a way for individuals to
move beyond their own knowledge and understanding,
allowing people to benefit from the knowledge and un-
derstanding of others. No individual can be expected
to have full knowledge of the options available or com-
plete understanding of how others might be affected
by the choices he or she makes. In addition, no one can
know how others would answer these questions. How-
ever, these questions should spur reflection as you
prepare to engage in the deliberative process.
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