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Over the past half century, the powerful new science
of climate and climate change has come into being. Research
during that period has settled a fundamental climate ques-
tion that had challenged scientists since the 19th century: Will
human beings, by adding carbon dioxide and other heat-
trapping gases to the atmosphere, significantly affect cli-
mate? The answer, debated for decades, is now known to be
yes. Scientists now understand clearly that humankind is no
longer a passive spectator at the great pageant of climate
change. They have established that the climate is indeed
warming and that human activities are the main cause.1

Every year brings thousands more research papers contain-
ing new knowledge of the many aspects of climate change. 

Public perception
Climate researchers know that the case for human-induced
climate change has become stronger, more compelling, and
increasingly urgent with each passing year. Yet in some coun-
tries, notably the US, the proportion of the public and poli-
cymakers who reject the science has grown. For example,
though the evidence of global warming is unequivocal, a new
study by a team from Yale and George Mason universities
shows that as of May 2011, only 64% of Americans think the
world is warming (down from a high of 71% percent in No-
vember 2008). And only 47% of all respondents believe that
global warming, if it exists, is caused mostly by human activ-
ity.2 A related study by the Yale–George Mason team classi-
fied the US public into “global warming’s six Americas.”3 Fig-

ure 1 shows those categories and the team’s most recent
breakdown of the public into them. Only in the alarmed and
concerned categories do majorities understand that the ob-
served warming is caused by human activity.

Americans are also unaware of the strength of the scien-
tific consensus. At least 97% of climate researchers most ac-
tively publishing in the field agree that climate change is oc-
curring and that it is primarily human-induced.4 But that
strong consensus is largely unrecognized by the public. Only
39% believe that most scientists think global warming is occur-
ring, and 40% believe there is a lot of disagreement among sci-
entists about whether it’s occurring. Even among those in the
most engaged categories of figure 1, only 44% of the alarmed
and 18% of the concerned say there is scientific agreement that
the world is warming. Among the disengaged, doubtful, and dis-
missive, less than 5% believe there is such agreement. 

Other misconceptions are rampant among Americans.
For example, many people confuse climate change with the
ozone hole. They incorrectly identify the ozone hole, aerosol
spray cans, toxic waste, nuclear power, and the space pro-
gram as causes of global warming.5

Why the confusion? 
There are many reasons for the large-scale public confusion.
(See the article by Steven Sherwood on page 39.) Acceptance
of the science of climate change appears to track with the
strength of the economy. In difficult times, people seem more
likely to reject the science. That may be because they believe
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Figure 1. Global warming’s six Americas in May 2011, as categorized by a 2011 public-opinion study by a team from Yale and
George Mason universities.3
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that policies for addressing the problem might harm the
economy. And perhaps people can only worry about so many
things at a time.

A second major factor is the well-organized and well-
funded disinformation campaign that has been waged
against climate science for decades. As documented in nu-
merous books, the campaign seeks to sow doubts about the
science.6,7 Motivations for that campaign range from ideolog-
ical to financial. Some fear that policies to address climate
change will limit individual freedoms and the free market.
Some in the oil and coal industries fear for their short-term
profits. Among the purveyors of the disinformation are pub-
lic-relations masters who have succeeded in crafting simple,
clear messages and delivering them repeatedly. The public’s
failure to perceive the scientific consensus seems to reflect the
success of that campaign. 

It helps the disinformation campaign that a small num-
ber of climate scientists disagree with the widely accepted
central findings of the field. That there are a few dissenters is
not surprising; all areas of science have outliers. But the main-
stream scientific conclusion that climate change is occurring
and is mostly human-induced has been endorsed by profes-
sional societies and science academies worldwide.8

A third factor is widespread scientific illiteracy, which is
related to the fact that people trust and believe those with
whom they share cultural values and worldviews. Opinion
leaders who espouse the notion that global warming is a hoax
are, for some people, trusted messengers. A fifth factor is that
for most of human history, people have seen weather as the
province of God, and some simply cannot accept the idea that
humans could affect it. We still call weather disasters “acts 
of God.” 

Yet another factor is the way the media handle the topic.
They often portray climate change as a controversy, present-
ing the opposing sides as equally credible. The current crisis
in journalism has also resulted in fewer experienced re-
porters with the requisite expertise, which leads to coverage
that can be inept and misleading.

Not least important is how scientists communicate—or
fail to do so. Reasons for that failure include what scientists
talk about as well as how they talk about it. Narrative skills
help reach people. Effective communication is usually not a
lecture but a conversation that involves what people really
care about. People generally care less about basic science than
about how climate change will affect them and what can be
done about it. Furthermore, climate change is often framed
as an environmental issue, when it should more appropri-
ately be framed as an issue threatening the economy and af-
fecting humanity’s most basic needs: food, water, safety, and
security. 

For all those reasons, despite remarkable scientific ad-
vances, many people still do not realize, or do not accept,
what climate scientists have discovered.6 The strong consen-
sus in the expert community is not widely appreciated. There
is a disturbingly large gulf between the research community’s
knowledge and the general public’s perception. Recent
polling data reveal that many Americans “would most like
to have an expert explain how experts know that global
warming is happening and is caused by human activities”
(reference 3, page 6).

The IPCC
For mainstream climate scientists, the answers to those funda-
mental questions about the reality and causation of climate
change are already well established. They are discussed and
explained in detail in many reports, especially the Working

Group I portion of the 2007 Fourth Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC). That doc-
ument assesses the physical-science foundation for our under-
standing of climate change. It is based on careful consideration
of the entire body of relevant published research studies. Its
main findings are summarized in two key statements:1

Warming of the climate system is unequivocal, as
is now evident from observations of increases in
global average air and ocean temperatures,
widespread melting of snow and ice, and rising
global average sea level. (page 5)

Most of the observed increase in global average
temperatures since the mid-20th century is very
likely due to the observed increase in anthro-
pogenic greenhouse gas concentrations. (page 10)

The IPCC is a link between climate change science and
public policy. Its mandate is to provide policymakers with re-
liable and intelligible scientific information and to assess cli-
mate change science in an open and objective manner that is
policy relevant but not policy prescriptive. The IPCC doesn’t
carry out research. It simply assesses the research performed
and published by scientists throughout the world. The panel
organizes large numbers of scientists to perform the assess-
ments and write the reports. The successive IPCC reports
have expressed increasing certainty that human activity is the
main cause of the observed climate warming.9

Discovery of a few errors in the 2007 IPCC Fourth As-
sessment Report tarnished the reputations of both the IPCC
and climate scientists. In a report of some 3000 pages, one ex-
pects some minor errors, even after extensive reviewing. The
IPCC has since revised and strengthened its procedures so as
to increase transparency and accountability, and to reduce
the likelihood of error. The fundamental conclusions of the
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IPCC reports are unaffected by any errors, and they remain
unchallenged within the mainstream research community.

The online publication in 2009 of stolen emails written
by prominent climate scientists promptly led to publicized
accusations of data tampering and other wrongdoing. But
numerous subsequent investigations have exonerated the ac-
cused researchers. They committed no fraud and no scientific
misconduct.

These two episodes illustrate several of the factors that
contribute to public confusion. The disinformation campaign
seized on the incidents to skillfully and repeatedly denounce
both the IPCC and climate scientists. Neither the scientists
nor the panel were very effective in refuting the attacks. In
the media, the initial accusations were prominently featured,
but little attention was given to the trivial nature of the IPCC
errors or to the outcome of the investigations that cleared the
scientists. These events provide a teachable moment: They il-
lustrate how important it is that the scientific community im-
prove its efforts at communicating climate change science.

Climate models
Modern global climate models are essential tools for deter-
mining the cause of recent warming as well as for developing
projections of future climate change.10 A key component of
the models is their ability to simulate realistically many as-
pects of climate. A half century of model development has
led to a suite of global climate models that have become ever
more comprehensive physically. Figure 2 shows improve-
ment in their spatial resolution over the past two decades.11

Many kinds of observations have demonstrated that the
climate is warming. Atmospheric temperatures are measured
at surface sites and by networks of balloon-borne instruments
and satellites. Those data all show warming. Ocean temper-
atures are measured from ships, satellites, buoys, and sub-
surface floats. All show warming. In fact, most of the heat
added to the climate system in recent decades is in the ocean.
Sea level is rising globally. Mass loss from glaciers, Arctic sea
ice, and the ice sheets on Greenland and Antarctica also in-
dicate a warming climate.

An entire branch of climate science, known as detection
and attribution, is devoted to determining whether any par-
ticular class of observations represents a significant depar-
ture from natural variability and, if so, to identifying the
cause. “Detection” here refers to the task of distinguishing
changes in climate due to some external cause from changes
that could be expected from known modes of natural climate
variability such as El Niño and La Niña.

For changes not compatible with natural variability, “at-
tribution” denotes the task of determining what external fac-

tor is responsible. Extensive research has shown that the
dominant observed changes in the climate system are consis-
tent with the responses expected from increasing amounts of
greenhouse gases in the atmosphere. They are inconsistent
with any natural external forcing mechanisms such as vol-
canism or changes in the Sun. The fingerprint of human ac-
tivity is thus clearly revealed in the magnitude and pattern
of the observed climate changes.

Another good example of recent progress in climate sci-
ence is our improved understanding of the increase in sea
level to be expected as Earth continues to warm. Sea levels
rise in a warming world for several distinct reasons. One is
simple thermal expansion of ocean water. Another is melting
glaciers, and a third is the contribution from the melting of
the gigantic ice sheets on Greenland and Antarctica.

The 2007 IPCC report projected a global average rise in
sea level of 18–59 cm by the end of this century, depending
on different models and different scenarios for greenhouse
gas emissions. The report stressed that thermal expansion
contributed 70–75% of the central estimates for all the scenar-
ios. It warned that melt water from the Antarctic and Green-
land ice sheets might contribute significantly to sea-level rise.
But the report’s quantitative projections did not include those
contributions because “understanding of these effects is too
limited to assess their likelihood or provide a best estimate”
(reference 1, page 14). 

In the years since 2007, however, climate science has ad-
vanced.12 New technology has been brought to bear. For ex-
ample, the GRACE (Gravity Recovery and Climate Experiment)
satellites, launched in 2002, have used tiny variations in
Earth’s gravity to infer changes in the masses of the Antarctic
and Greenland ice sheets. Several years of GRACE results and
other data now show conclusively that both ice sheets are los-
ing mass and contributing to global sea-level rise. The phys-
ical processes involved in mass loss are complex; they include
surface melt, glacier flow, and snowfall. Much remains to be
learned.

Greenland and Antarctica differ in important respects.
But the contributions of both to sea-level rise are clearly in-
creasing with time. If recent trends continue, their ice-sheet
losses are expected to dominate global sea-level rise before
the century ends. This century’s sea-level rise is now esti-
mated by some researchers to be as great as 1 to 2 meters.12

Such conclusions must be effectively communicated to
policy makers and the public. 

Better communication
If wise climate policy is to be informed by the best and most
up-to-date climate science, scientists have a critical role to
play in communicating their findings to the wider world. But
scientists are used to communicating with their peers in a cer-
tain format, beginning with background information, mov-
ing to supporting details, and finally coming to their results
and conclusions. For communicating with the public, how-
ever, they must invert that pyramid and begin with the bot-
tom line, as shown in figure 3. People also want to know why
they should care—the “so what” question. 

Scientists typically fail to craft simple, clear messages
and repeat them often. They commonly overdo the level of
detail, and people can have difficulty sorting out what is im-
portant. In short, the more you say, the less they hear. And
scientists tend to speak in code. We encourage them to speak
in plain language and choose their words with care (see fig-
ure 4). Many words that seem perfectly normal to scientists
are incomprehensible jargon to the wider world. And there
are usually simpler substitutes. Rather than “anthro-
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Figure 3. Scientists can communicate more effectively
with the public about climate change by inverting the pyra-
mid of their usual presentations to colleagues. That is, start
with the “bottom line” and tell people why they should care.
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pogenic,” scientists can say “human-
caused.” Instead of “spatial” and “tempo-
ral,” they could say “space” and “time.”
They could use familiar units; for the
American public, that means using feet
rather than meters, and Fahrenheit rather
than Celsius. And they shouldn’t expect a
lay audience to do mental arithmetic.

Scientists often fail to put new find-
ings into context. They tend to focus on
cutting-edge research. But it’s also impor-
tant to repeat what is scientifically well un-
derstood to a public for whom the well-
 established older findings may still be
mysterious. Another common mistake
made by scientists is leading with what
they do not know instead of what they do
know. For example, they are often asked if
a particular heat wave, heavy downpour,
drought, wildfire, or flood was caused by
climate change. Instead of repeating the
common mantra that “we cannot blame
any particular event on climate change,”
they should explain the connections: In the
case of heavy downpours, they can explain
that a warmer atmosphere holds more
moisture, so any given storm system can
produce more rain. Scientists have meas-
ured an increase in atmospheric water
vapor and definitively attributed it to
human-induced warming. They have also
measured an increase in the amount of 
rain falling in the heaviest downpours, a
change that climate models have long
 projected.

Failing to use metaphors, analogies,
and points of reference to make mathemat-
ical concepts or numerical results more
meaningful is another common mistake.
Vivid illustrations help. For example,
when reporting that the amount of melt
water coming from the Greenland ice sheet
in 2005 had more than doubled in just a
decade to 220 km3 per year, scientist Eric
Rignot helpfully added that the entire city
of Los Angeles used about one cubic kilo-
meter of water a year for all purposes.

By failing to anticipate common mis-
understandings, scientists can inadver-
tently reinforce them. A good example is
the confusion of ozone depletion with cli-
mate change. Scientists should avoid talk-
ing about aerosols and climate in a way
that reinforces this confusion. For most
people, an aerosol is a spray can, which
they associate with ozone depletion—even
though ozone-depleting chemicals were
long ago phased out of spray cans. Like
“aerosol,” many terms mean completely
different things to scientists and the public.
We’ve been compiling a list of such terms
for years. The table at right shows some ex-
amples, along with suggestions for better
alternatives for public communication.13

Other linguistic problems abound. We
often hear the question, “Do you believe in
global warming?” But it’s not a matter of

Figure 4. A “word cloud” created from words in this article.15

Terms that have different meanings for scientists and the public

Scientific term Public meaning Better choice

enhance improve intensify, increase

aerosol spray can tiny atmospheric particle

positive trend good trend upward trend

positive feedback good response, praise vicious cycle, self-reinforcing cycle

theory hunch, speculation scientific understanding

uncertainty ignorance range

error mistake, wrong, incorrect difference from exact true number

bias distortion, political motive offset from an observation

sign indication, astrological sign plus or minus sign

values ethics, monetary value numbers, quantity

manipulation illicit tampering scientific data processing

scheme devious plot systematic plan

anomaly abnormal occurrence change from long-term average
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belief. The conclusion that the world is warming and that hu-
mans are the primary cause is based on facts and evidence.
Even the term “consensus” makes some in the public con-
clude that global warming is just a matter of opinion. When
scientists say human activity “contributes” to global warm-
ing, that sounds like it could be a small contribution, when
in fact it is the primary cause. When they say that climate
change is due, “at least in part,” to humans, or that “natural
factors alone” could not have caused the observed warming,
they reinforce the misconception that humans are perhaps a
small part of the problem. 

When climate scientists say that warming is “inevitable,”
it can give the impression that nothing can be done. Of
course, that’s not what they’re saying, but they should be
careful to make clear that society faces choices. Although it
is true that some additional warming cannot be avoided, the
amount of future warming is still largely in our hands. Lower
emissions of greenhouse gases will lead to less warming and
less severe impacts.

Climate scientists have also developed a lexicon of like-
lihood terms (likely, very likely, and so forth) to roughly
quantify the probability of particular outcomes. The overuse
of such terms gives the impression that they know much less
than they actually do. The public interprets those terms to
imply much greater uncertainty than scientists intend to
 convey.14

Consider what your audience cares about. Talk more
about the local impacts of climate change that are happening
now. Connect the dots between climate change and what peo-
ple are experiencing, such as increases in extreme weather.
Try to craft messages that are not only simple but memorable,
and repeat them often. Make more effective use of imagery,
metaphor, and narrative. In short, be a better storyteller, lead
with what you know, and let your passion show. Such com-
munication skills can be taught, developed, and practiced.
Make use of more effective outreach strategies such as part-
nering with other messengers and connecting with audiences
on values you share with them.

Deciding the future climate
The urgency of taking action to limit manmade climate
change combines subjective considerations with scientific
ones. That’s not widely appreciated, though the relevant sci-
ence is quite clear. The science tells us that once a political de-

cision is taken to limit global warming to some specified
level, meeting that goal requires that the total manmade
emission of CO2, integrated over time from the Industrial
Revolution to the foreseeable future, must be correspond-
ingly limited. This conclusion follows from the long atmos-
pheric residence time of CO2 and the fact that the level of
warming depends on the total amount of heat-trapping gases
in the atmosphere. So, unless practical means are found to re-
move large amounts of CO2 from the atmosphere, annual
emissions must eventually go virtually to zero because the
integrated total is limited to a specific finite amount.

That maximum amount, for a given temperature ceiling,
can now be estimated from our knowledge of the sensitivity
of climate to atmospheric CO2. The longer we wait to begin
decreasing emissions, the faster the rate of decrease must be.
That’s the message of figure 5, which shows several possible
scenarios for limiting global warming to an average of 2 °C
above preindustrial temperatures.12

Governments can decide what level of climate change
they regard as tolerable. That choice can be informed by sci-
ence, but it will also be affected by risk tolerance, values, pol-
itics, priorities, and economics. In the end, it is a choice that
humanity as a whole, acting through governments, has to
make.

The choice that has thus far received the most support is
to limit global warming to 2 °C. That target has been formally
adopted by the European Union and supported by many
other countries. Some recent research suggests that severe cli-
mate change, including very large sea-level rises, can occur
even with a 2 °C ceiling. But that topic is beyond the scope of
this article.

If governments agree on the 2 °C rise as a tolerable upper
limit, what does climate science have to say about the steps
that will be required to keep climate change within that limit?
The conclusions illustrated in figure 5 show that in order to
have a reasonable likelihood of meeting the 2 °C target, global
CO2 emissions must peak and then start falling rapidly
within the next 5–10 years, approaching zero by midcentury.
The urgency is not ideological; it’s dictated by the physics and
geochemistry of the climate system.

The science tells us that meeting the policy goals requires
urgent action. But given the limited public understanding,
the need for scientists to communicate better also becomes
urgent. Many scientists have expressed interest in communi-
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Figure 5. Three scenarios, each of which
would limit the total global emission of
carbon dioxide from fossil-fuel burning
and industrial processes to 750 Gt over the
period 2010–50. If emissions remain negli-
gible after 2050, that limit yields an esti-
mated 67% probability of capping global
warming at 2°!C above preindustrial tem-
peratures.12 As indicated by the color-
keyed table, the later the year of peak
emission, the higher would have to be the
maximum rate of annual reduction, which
would begin in the early 2030s. (Adapted
from German Advisory Council on Global
Change factsheet 2/2009.) 

Downloaded 08 Jun 2012 to 50.131.195.247. Redistribution subject to AIP license or copyright; see http://www.physicstoday.org/about_us/terms



October 2011    Physics Today 53

cating climate change science. Workshops aimed at improv-
ing those communication skills are increasingly popular at
professional-society meetings and other venues.

We must find ways to help the public realize that not act-
ing is also making a choice, one that commits future genera-
tions to serious impacts. Messages that may invoke fear or
dismay—as projections of future climate under business-as-
usual scenarios often do—are better received if they also in-
clude hopeful components. Thus we can improve the chances
that the public will hear and accept the science if we include
positive messages about our ability to solve the problem. We
can explain, for example, that it’s not too late to avoid the
worst; lower emissions will mean reduced climate change
and less severe impacts. We can point out that addressing cli-
mate change wisely will yield benefits to the economy and
the quality of life. We can explain, as figure 5 shows, that act-
ing sooner would be less disruptive than acting later. Let us
rise to the challenge of helping the public understand that sci-
ence can illuminate the choices we face.
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