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CLIMATE SCIENCE IN THE POLITICAL ARENA

THURSDAY, MAY 20, 2010

HOUSE OF REPRESENTATIVES,
SELECT COMMITTEE ON ENERGY INDEPENDENCE
AND GLOBAL WARMING,
Washington, DC.

The committee met, pursuant to call, at 9:10 a.m., in Room 1334,
Longworth, Hon. Edward J. Markey [chairman of the committee]
presiding.

Present: Representatives Markey, Blumenauer, Inslee, Cleaver,
Hall, Sensenbrenner, and Blackburn.

Staff Present: Ana Unruh Cohen, Jonah Steinbuck, Bart Forsyth
and Rajesh Bharwani.

The CHAIRMAN. Good morning. Welcome to the Select Committee
on Energy Independence and Global Warming. This hearing is
called to order.

The disaster that is the BP oil spill continues to unfold in the
Gulf of Mexico. Congress is focused on key questions: What hap-
pened and who is responsible? How much oil has spilled and what
is the impact? How do we make decisions in the face of uncer-
tainty?

We face similar questions when confronted with the looming dis-
aster of climate change caused by carbon pollution. In both in-
stances, lawmakers need to be informed by the best available
science as they make decisions and seek clean energy solutions.

Today, we are joined by some of the world’s foremost climate sci-
entists, including the President of the National Academy of
Sciences and a Nobel Prize winning atmospheric chemist. These
scientists have been instrumental in informing the clean energy
and climate change policy debate. Their work has helped identify
the fingerprint of human activity on global warming amongst the
background of natural variability. They have provided a risk frame-
work to guide policymakers in the face of evolving science.

Just yesterday, the National Academy of Sciences issued three
major reports about the science, the solutions, and the ways to
adapt to climate change. These reports reinforce the overwhelming
foundation of knowledge we have about the danger of carbon pollu-
tion. This is a foundation still unshaken by a manufactured scan-
dal over stolen e-mails.

This knowledge was gained in an America that supports creative,
inquisitive scientists. American scientists enjoy the freedom to fol-
low the science where it leads and to work collaboratively and
sometimes combatively with their colleagues. Preserving this free-
dom to explore new ideas and technologies is critical to under-
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i%’canding our world and finding solutions to our clean energy chal-
enges.

Given the relevancy of their work to national priorities, our best
scientists are increasingly drawn into the political arena. Disagree-
ments over policies have led some to target both the science and
the scientists themselves. The latest and most overt incident came
earlier this month when Virginia’s Attorney General Ken Cuccinelli
demanded the materials be turned over by the University of Vir-
ginia relating to five grants that involved a former University of
Virginia professor, Dr. Michael Mann. Although Dr. Mann’s work
has been examined by his peers and found to be sound, the Attor-
ney General is using this controversy over his research as an ex-
cuse for a fishing expedition.

The request to UVA asks for materials related to 39 people.
Some of these are critics of Dr. Mann. Some of them are far outside
the field of expertise of the grants in question. Instead, their list
reads like a Google search of climate, e-mails, and IPCC.

The Attorney General doesn’t even ask for the records associated
with all of Dr. Mann’s co-investigators on the grants. If the inves-
tigation were truly about fraud, as the Attorney General claims,
then you would expect him to seek all documents related to all of
the scientists involved in the grants.

This week, over 800 Virginia scientists sent a letter to Cuccinelli
suggesting his demand is transparently political and designed to
intimidate. This attempt at intimidation is not new, but it is get-
ting worse. Two weeks ago, 255 members of the National Academy
of Sciences, including 11 Nobel Prize winners, published a letter in
Science Magazine decrying the treatment of climate scientists and
warning of the chilling effects on the greater scientific community.

The majority of climate research in the country is supported by
Federal funding. Recipients of these funds have a duty to work in
an ethical, transparent way and to communicate their findings in
support of societal needs. Our witnesses today are dedicated to that
premise, despite attempts to portray them to the contrary.

It seems fitting to close with a quote from the recent scientists’
letter: “We can ignore the science and hide our heads in the sand
and hope we are lucky, or we can act in the public interest to re-
duce the threat of global climate change quickly and substantively.”

I would now like to recognize the ranking member of the Select
Committee, the gentleman from Wisconsin, Mr. Sensenbrenner.

[The prepared statement of Mr. Markey follows:]
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Statement of Chairman Edward J. Markey (D-MA)
Hearing on “Climate Science in the Political Arena”
Select Committee on Energy Independence and Global Warming
May 20, 2010

The disaster that is the BP oil spill continues to unfold in the Gulf of Mexico. Congress is
focused on key questions: What happened and who is responsible? How much oil has
spilled and what is its impact? How do we make decisions in the face of uncertainty?

We face similar questions when confronted with the looming disaster of global warming
caused by carbon pollution.

In both instances, lawmakers need to be informed by the best available science as they
make decisions and seek clean energy solutions.

Today we are joined by some of the world’s foremost climate scientists, including the
President of the National Academy of Sciences and a Nobel prize-winning atmospheric
chemist. These scientists have been instrumental in informing the clean energy and
climate change policy debate. Their work has helped identify the fingerprint of human
activity on global warming amongst the background of natural variability. They have
provided a risk framework to guide policymakers in the face of evolving science.

Just yesterday, the National Academy of Sciences issued three major reports about the
science, the solutions, and the ways to adapt to global warming. These reports reinforce
the overwhelming foundation of knowledge we have about climate change. Thisis a
foundation still unshaken by a manufactured scandal over stolen emails.

This knowledge was gained in an America that supports creative, inquisitive scientists.
American scientists enjoy the freedom to follow the science where it leads and to work
collaboratively, and sometimes combatively, with their colleagues. Preserving this
freedom to explore new ideas and technologies is critical to understanding our world
and finding solutions to our clean energy challenges.

Given the relevancy of their work to national priorities, our best scientists are
increasingly drawn into the political arena. Disagreements over policies have led some to
target both the science, and the scientists themselves,

The latest and most overt incident came earlier this month. Virginia’s Attorney General
Ken Cuccinelli demanded that materials be turned over by the University of Virginia,
relating to 5 grants that involved a former UVA professor, Dr. Michael Mann. Although
Dr. Mann’s work has been examined by his peers and found to be sound, the Attorney
General is using the controversy over his research as an excuse for a fishing expedition.
The request to UV A asks for materials related to 39 people. Some of these are critics of



4

Dr. Mann. Some of them are far outside his field of expertise or the grants in question.
Instead, the list reads like a Google search of “climate,” “emails,” and “IPCC.” The
Attorney General doesn’t even ask for the records associated with all of Dr. Mann’s co-
investigators on the grants. If the investigation were truly about fraud, as the Attorney
General claims, then you would expect him to seek all documents related to all of the
scientists involved in the grants. Cuccenilli’s demand is transparently political and
designed to intimidate.

This attempted intimidation is not new, but it is getting worse. Two weeks ago 255
members of the National Academy of Sciences, including 11 Nobel Prize winners,
published a letter in Science decrying the treatment of climate scientists and warning of
the chilling effect on the greater scientific community.

The majority of climate research in the country is supported by federal funding.
Recipients of these funds have a duty to work in an ethical, transparent way and
communicate their findings in support of societal needs. Our witnesses today are
dedicated to that premise, despite attempts to portray them to the contrary.

It seems fitting to close with a quote from the recent scientists’ letter:

“We can ignore the science and hide our heads in the sand and hope we are lucky, or we
can act in the public interest to reduce the threat of global climate change quickly and
substantively.”
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Mr. SENSENBRENNER. I thank the chair.

Unfortunately, I have to begin today by addressing conduct from
the committee’s last hearing.

Two weeks ago, the minority’s witness, Christopher Monckton,
argued that there had been three distinct periods of warming in
the past 150 years and that the rates of warming in each of these
periods were parallel. He demonstrated that both the EPA and the
IPCC were wrong to claim that the rate of warming in the most
recent period was higher than the two previous periods of warming.

Finally, he questioned whether CO, is the most likely cause of
warming if previous temperature rises were identical when atmos-
pheric concentrations were much lower than they are today.

Neither the majority nor its witnesses responded to any of these
arguments. Instead, they attacked Lord Monckton for not pre-
senting scientific information, even though he clearly did. They
ridiculed his name, and they wrongly accused him of falsifying his
credentials and then refused to allow him to respond.

I encourage everybody to read the transcript or watch the video
on the committee’s Web site. It was bullying, and it was embar-
rassing. And, as Lord Monckton said in response, a certain amount
of politics has crept in on one side of this debate; and, therefore,
inconvenient science has been dismissed as not being science at all.

I want to be clear that not all members of the majority stooped
to these levels, and I thank the chairman in particular for his pro-
fessionalism. But the politicization of science from some members
of the committee is a legitimate threat to scientific understanding.

Sadly, last week’s hearing echoed the shameful culture exposed
by the Climategate e-mails. Climategate revealed a scientific cul-
ture that is more interested in defending its findings than in find-
ing truth. It showed some of the most prominent scientists in the
world actively working to sabotage legitimate scientists who dared
to challenge their work.

The majority repeatedly tried to dismiss the Climategate e-mails,
but no number of politically motivated studies will change what the
e-mails actually say, and I want to read a few quotes:

“I tried to balance the needs of the science and the IPCC, which
were not always the same.”

“There is pressure to present a nice tidy story as regards appar-
ent unprecedented warming in the thousand years or more in the
proxy data, but, in reality, the situation is not quite so simple.”

“If you think that Saiers is in the greenhouse skeptics camp,
then, if we can find documentary evidence of this, we could go
through official AGU channels to get him ousted.”

“I got a paper to review written by a Korean guy and someone
from Berkeley that claims that the method of reconstruction that
we use in dendroid climatology is wrong, biased, lousy, horrible, et
cetera. If published as is, this paper could really do some damage.
It won’t be easy to dismiss out of hand, as the math appears to be
correct, theoretically. I am really sorry, but I have to nag about
that review. Confidentially, I now need a hard and, if required, ex-
tensive case for rejecting.”

“I can’t see either of these papers being in the next IPCC report.
Kevin and I will keep them out somehow, even if we have to define
what the peer review literature is.”
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There are literally thousands of these. These e-mails expose an
intolerant scientific culture, and they raise legitimate questions
about the strength of the so-called “scientific consensus.”

The minority witness today is Dr. William Happer. He is the
Cyrus Fogg Brackett Professor of Physics at Princeton University
and a member of the American Physical Society and National
Academy of Sciences. He has spent his professional career studying
the interactions of visible and infrared radiation with gases which
are the physical phenomena behind the greenhouse effect. Dr.
Happer has long argued that increased accumulations of CO, will
not lead to the temperature increases that the IPCC predicts and
that the results of climate change will not be as catastrophic as
claimed.

Dr. Happer is very familiar with the politicization of science. Al
{}ofye fired him from the Department of Energy because of his be-
iefs.

In a criticism of then Vice President Gore, Ted Koppel—no con-
servative—said, “The measure of good science is neither the politics
of the scientists nor the people with whom the scientist associates.
It is the immersion of hypotheses into the acid of truth. That is the
hard way to do it, but it’s the only way that works.”

Finding errors in data and critiquing scientific work is the legiti-
mate path to truth. Ridicule and attempts to besmirch reputations
have no place in this debate.

I yield back.

The CHAIRMAN. The gentleman’s time has expired.

The chair recognizes the gentleman from Missouri, Mr. Cleaver,
for an opening statement.

Mr. CLEAVER. Thank you, Mr. Chairman, to you and Ranking
Member Sensenbrenner.

I would like to welcome our witnesses today before this hearing.
I would like to express appreciation to all of you for your efforts
in the scientific arena.

Science is the basis of our knowledge of the wonderful world we
inhabit, and without people like you we would be sitting in a great-
er degree of darkness. Personally, I believe that we need to act now
to reduce greenhouse gas emissions and to take appropriate adap-
tation strategies for global effects that are on the way and are al-
ready being felt around the world. We have, I believe, a moral im-
perative to preserve this planet for future generations and for our
progeny.

My concern is that we now exist in a Nation that has simply be-
come mean spirited, and I think we look for ways in which to be
mean. I think some of us get up in the morning and spend time
revving up our anger, and then we express it in a variety of ways,
some of them not very nice. And I think maybe you all are victims
of what is going on. I don’t celebrate disrespect for anyone, but cer-
tainly I do think that what has happened to you is happening in
a variety of ways, including the United States Congress. And so I
think we have got to take whatever steps we can to do the science
and put in place measures that will aid in the healing of this plan-
et.

Mr. Chairman, I yield back the balance of my time.

The CHAIRMAN. The gentleman’s time has expired.
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The chair recognizes the gentlelady from Tennessee, Mrs.
Blackburn.

Mrs. BLACKBURN. Thank you, Mr. Chairman, and thank you for
holding the hearing. To our witnesses, we welcome you. We are all
pleased that you are here.

This committee is examining the role of climate science in polit-
ical decision making. That is the topic for our hearing today. I
think that perhaps we should have a hearing on the role of political
decision making in climate science, and our ranking member has
spoken eloquently to that effect.

All of the members on this panel agree that we need the best
science available to make informed decisions. Unfortunately, recent
investigations have shown how academic researchers misused Fed-
eral funds through distorting data to manipulate lawmakers into
adopting certain positions on climate change.

Mr. Chairman, most of these problems are tied with the funding
that agencies and academics receive for their research from climate
science. Instead of producing objective analysis with scientific in-
tegrity, they seek to produce results that will lead to more funding
in the future. That is really unfortunate and I think unfair for the
American taxpayer.

Instead of exercising oversight over this analysis, bureaucracies
like the EPA occupy themselves with sponsoring YouTube video
contests and throwing away tens of thousands of taxpayer dollars
in prize money. And now the receivers of Federal funding can
breathe a little easier as the House majority has decided to not
produce a budget resolution for this year. Instead of examining
funding for climate science research objectively, the majority has
decided to bypass the resolution process and go straight into deem-
ing—deeming—spending levels. This is a first in 36 years.

They do not want to have to reveal to the American taxpayer the
huge $1.5 trillion deficit for this year and for the upcoming 4 years.
They would rather sweep it all under the rug and hope that the
American taxpayers do not notice. But I know my constituents are
aware of the tremendous financial problems the U.S. is in, and
they want every program and every research grant to be scruti-
nized so that their money is not wasted.

On behalf of the American taxpayers, I ask my colleagues to put
forth a budget resolution, and I yield the balance of my time.

The CHAIRMAN. The gentlelady’s time has expired.

The chair recognizes the gentleman from New York, Mr. Hall.

Mr. HALL. Thank you, Mr. Chairman and Mr. Ranking Member.

I am very glad you are holding this important hearing today, and
I want to apologize at the outset that I will have to leave shortly
because I am chairing a hearing of the Veterans’ Affairs Committee
on the VA’s efforts to deal with military sexual trauma, and that
will be starting shortly. But thanks to our witnesses and other
members of the scientific community who first brought to our at-
tention the phenomenon of global climate change.

Regardless of where you stand on the science and what you be-
lieve is the truth, it happens to be that my colleague Ms.
Blackburn’s constituents and mine and others around the world are
suffering already from the effects of climate change, in my opinion.
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Computer models that show increased storm frequency and storm
strength are being borne out.

The massive flooding in Tennessee, the massive rain event and
flooding in Tennessee, in which many of my friends have lost ev-
erything—my mother-in-law’s condo that she used to live in was up
to the eaves in water.

The week before that, the Mississippi tornado that was a mile
wide and killed many people in that State.

The week before that, the massive rain event and flooding in
Stonington, Connecticut, and Warwick, Rhode Island. There were
parts of New England that had six feet of water in the malls, in
the Warwick Mall, and many businesses in downtown Stonington
flooded out.

The week before that, Paterson, New Jersey, and my farmers in
Orange County, New York, experiencing their fourth 50-year flood
in the last 6 years.

The island of Madeira off the coast of Spain, where a rain event
caused massive mudslides that washed people and homes and cars
out to sea. The freak March hurricane Xynthia, months before the
beginning of hurricane season, that hit the coast of France and
killed 40 people, all seem to me to be evidence that the weather
patterns are changing, regardless of what e-mails are going back
and forth.

And, lastly, I would just say that the solutions, even if climate
change were not true, the solutions that we need to look for are the
ones that will provide us with a positive balance of trade, new jobs
in this country, and independence and recovering our sovereignty
from those countries that we now depend on for oil or to borrow
the money to pay for that oil.

With that, I thank you, Mr. Chairman, and I yield back.

The CHAIRMAN. I thank the gentleman very much.

That completes opening statements from members. We will now
turn on our witnesses.

STATEMENTS OF RALPH J. CICERONE, PRESIDENT OF THE NA-
TIONAL ACADEMY OF SCIENCES, CHAIR OF THE NATIONAL
RESEARCH COUNCIL, NATIONAL ACADEMY OF SCIENCES,
500 FIFTH STREET, NW, WASHINGTON, D.C. 20001; MARIO
MOLINA, PROFESSOR, DEPARTMENT OF CHEMISTRY AND
BIOCHEMISTRY, UNIVERSITY OF CALIFORNIA AT SAN
DIEGO, 9500 GILMAN DRIVE, MC 0332, LA JOLLA, CALIFORNIA
92093-0332; BEN SANTER, RESEARCH SCIENTIST, PROGRAM
FOR CLIMATE MODEL DIAGNOSIS AND INTERCOMPARISON,
LAWRENCE LIVERMORE NATIONAL LABORATORY, MAIL
CODE L-103, 7000 EAST AVENUE, LIVERMORE, CALIFORNIA
94550; STEPHEN H. SCHNEIDER, PROFESSOR, STANFORD
UNIVERSITY, 371 SERRA MALL, STANFORD UNIVERSITY,
STANFORD, CALIFORNIA 94305-5020; AND WILLIAM HAPPER,
CYRUS FOGG BRACKETT PROFESSOR, DEPARTMENT OF
PHYSICS, PRINCETON UNIVERSITY, PRINCETON, NEW JER-
SEY 08544

The CHAIRMAN. Our first witness this morning is Dr. Ralph Cice-
rone. Dr. Cicerone is the President of the National Academy of
Sciences and the Chair of the National Research Council. Pre-
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viously, Dr. Cicerone was President of the American Geophysical
Union and Chancellor of the University of California at Irvine. He
has been the recipient of many awards. We welcome you, Doctor.
Whenever you feel comfortable, please begin.

STATEMENT OF RALPH J. CICERONE

Mr. CiCERONE. Thank you, Chairman Markey, for the invitation
to appear before you and Ranking Minority Member Sensenbrenner
and the other members of your Select Committee today. With your
permission, I will read from my prepared testimony, but I will not
read all of it due to time limitations.

As most of you know, the National Academy of Sciences was cre-
ated by Congress under President Lincoln in 1863 with a mission
to respond to requests from the Federal Government on all matters
of science. Thus, we are not part of the Federal Government, but
we were created by the Federal Government. We elect our mem-
bers annually based on their original contributions to research in
their fields of science; and today we operate largely through the
National Research Council, which serves us and our partner, the
National Academy of Engineering.

We are very proud of our history of independence and our objec-
tive analysis, and we work very hard to maintain it. The individ-
uals who serve on our study committees are not compensated ex-
cept for their direct expenses, such as travel.

I would like to present a brief summary of what scientists have
learned about contemporary climate change, then go on to briefly
describe our new National Research Council report, America’s Cli-
mate Choices, and conclude with some remarks about how to pro-
tect and improve the ability of scientists in their research conduct
and in their communications with the policymakers.

I will start with a brief summary on data, things we are actually
measuring.

First, the temperatures of air and water. The most striking fea-
ture of these data is the rise in temperatures over all of the world
since the late 1970s or perhaps 1980. The warming is strongest in
the Arctic and over world land areas, with smaller warmings over
oceans. When you average over the entire planet day and night,
you find about one degree Fahrenheit since 1979 of warming.

There are several groups around the world who do this work, no-
tably, in the United States, the Goddard Institute for Space Studies
at NASA and the National Climatic Data Center of NOAA. To see
these patterns clearly of temperature change requires continuous
sustained efforts. For example, when we look at small regions in
short periods of time, we can get fooled easily by the ups and
downs of local weather or by changes that do not go on to persist.
For example, this past winter in New York and Washington was
relatively cold, while Montreal was relatively hot. The year 2009 as
a whole was the warmest on record for the world south of the equa-
tor. So even with a variable as simple and familiar as temperature,
we need sustained measurements from many places, as opposed to
simply relying completely on our own senses to tell us what is hap-
pening where we live.

Ocean surface temperatures are also on the rise. We see this
from shipboard measurements and from recent satellite observa-
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tions. It is a global warming. Temperatures vary with water depth;
and the most important one to keep track of is the total heat con-
t}elnt of the upper oceans, the water that is in closest contact with
the air.

Arctic sea ice. Most of us are aware that the horizontal extent
of the ice covering the Arctic Ocean has shrunk, with especially
rapid decreases in the amount of open water in the summertime
Arctic in the past decade. This decreasing horizontal extent has
been visible, literally, from satellite images and from reports of ma-
rine navigators. But a measure that has not been known as widely
and is much more difficult to obtain is the thickness of the Arctic
sea ice. We now know that the thickness has decreased by more
than 50 percent in the last 50 years. These data come to us from
recently declassified U.S. Navy work and recent satellite data.

Ice on Greenland and the Antarctica continent. There are mas-
sive amounts of ice perched on Greenland and Antarctica, and they
are very important in Earth’s climate. Just in the past few years,
about 9 or 10 years, it has become possible to measure changes in
the masses of ice in these two places. The data show that ice is
being lost and at accelerating rates. Of course, snow is added dur-
ing the respective wintertimes and lost in the following summers,
but, rather than being in balance, the net annual change is nega-
tive, and increasingly so. These key measurements are from NASA
satellites, which use ultrasensitive gravity measurements and so-
phisticated radars.

Sea level. Sea levels are rising worldwide. The measurements are
now made by specialized radar ranging instruments on Earth-orbit-
ing satellites. Prior to 1992, the best estimate of global average sea
level rise was about 1.6 millimeters a year, and there were signifi-
cant differences from continent to continent. Now the observed rate
is twice as much, 3.2 millimeters a year, and the worldwide aver-
age is known more clearly. And we can explain this sea level rise
much better than 10 years ago by simply adding the rates due to
the warming of water—which expands the water in the ocean—the
loss of ice from Greenland, the loss of ice from Antarctica, and the
loss of ice from continental glaciers. So that picture is becoming
clearer.

There are many other climate indicators which I won’t go into
now except that more high-intensity precipitation events are being
recorded, as Representative Hall mentioned.

How do we explain and predict the climate change? Well, the
greenhouse effect, the physics of it, has been known for about 100
years now, and we have obtained increasingly quantitative infor-
mation on what is in the air, how it is changing, and where the
chemicals are coming from, largely from human activity.

Not only does the greenhouse effect and the energy balance cal-
culations from it tell us what is happening and explain reasonably
well the warming that we are seeing, but there really is no other
theory that has come forward, despite the best efforts of all of us
over the last 30 years to come up with an alternative explanation.
So we gain more confidence in the explanation that the greenhouse
gases are the driving force.

Now the reports that we released yesterday, May 19, called
America’s Climate Choices, are broken into three pieces. One is
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called Advancing the Science of Climate Change, the second is
called Limiting the Magnitude of Future Climate Change, and the
third is called Adapting to the Impacts of Climate Change. I don’t
have time to summarize these reports, but I would be glad to try
to answer any questions that might arise.

On the conduct of science, Chairman Markey, you asked us what
policies might be necessary to protect and improve scientists’ abil-
ity to conduct research and to share scientific information with pol-
icymakers.

First, on the conduct of climate research, the good news is that
we have one of the essential ingredients, smart and motivated sci-
entists, many of whom are very young and are drawn to this field.
They are ready to go, and many of them are already involved. Of
course, they need instruments and computers and access to data
from all over the world.

I do know that some scientists have been harassed and threat-
ened, but so far I do not see the need for protections aside from
our normal civil laws. Instead, perhaps, as Representative Cleaver
said, an atmosphere of civility and of encouraging scientists to seek
the truth and to share their findings is always needed.

The biggest difficulty of sharing information I believe is one of
communication. The scientific jargon, the scientific specialization
which is necessary to make progress has made it more difficult for
us as scientists to talk outside of our own circles, and we really
need to do a better job.

But a final ingredient is what we call these assessments that
have begun to occur. For example, the assessments conducted by
the United States Federal Global Change Research Program and
those of the IPCC. These are high-level evaluations of all the peer-
reviewed literature in the field written in terms that are more gen-
erally understandable so that the state of the art, the state of the
science is defined periodically and communicated as well as pos-
sible to the general public. I think those efforts, and of course those
of the academy try to do the same thing, but those kinds of high-
level assessments are essential for this sharing of information more
effectively.

Thank you, Chairman Markey.

[The statement of Mr. Cicerone follows:]
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Thank you, Chairman Markey, for the invitation to appear before you and Ranking
Minority Member Sensenbrenner and other members of your Select Committee today.
With your permission I will read from my prepared testimony but I will not read all of it
due to time limitations.

As most of you know, the National Academy of Sciences was created by Congress under
President Lincoln in 1863 with a mission to respond to requests from the federal
government for analysis and recommendations on all matters of science. Thus, we are not
part of the federal government but we were created by the federal government. We elect
our members annually based on their original contributions to research in their fields of
science. Today we operate largely through the National Research Council which serves us
and our partner, the National Academy of Engineering. Our reports to the government are
developed by committees whom we appoint to study the topic at hand. Our members
participate in this work along with other experts drawn from across the United States from
academia, business, and other entities as well as occasionally people from other countries.
We work very hard to be objective, non-partisan, and up- to-date in our analysis. We are
very proud of our history of independence and objective analysis and we work hard to
maintain it. The individuals who serve on our study committees do so without
compensation except for their direct expenses incurred such as travel and subsistence costs.

I became President of the National Academy of Sciences in 2005 for a six-year term. My
own scientific research has been mostly in atmospheric chemistry and how the changing
chemical composition of the air forces climate change. My academic background began in
electrical engineering and physics and moved more into chemistry over time. In the early
1980s, I worked on the so-called radiative forcing of climate change caused by the
enhanced greenhouse effect due to the rising worldwide concentrations of carbon dioxide,
methane, chlorofluorocarbons, nitrous oxide and other gases. As President of NAS, T also
chair the National Research Council.
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I want to present a brief summary of what scientists have learned about contemporary
climate change, then go on to briefly describe our new NAS/NRC report “America’s
Climate Choices” and conclude with some remarks about how to protect and improve the
ability of scientists in the conduct of their research and in their communications with
policymakers.

Measurements of Climate Change

Temperatures of Air and Water. The most striking feature of these data is the
rise in temperatures all over the world since the late 1970°s or 1980. The warming is
strongest in the Arctic and over world land areas, with smaller warmings over oceans.
When one averages over the entire planet and over day and night one finds an overall
warming of 1.0 degree F (0.55deg C) since 1979. These data come from thermometers at
many land stations, island and ship operations. Temperature data are very important and
maintaining a record of global patterns and averages is a large job. There are several
groups around the world who do this work: the Goddard Institute for Space Studies of
NASA, the National Climatic Data Center of NOAA also in the U.S. and the University of
East Anglia Climate Research Unit in the U. K. to name three of them. Each of these
centers uses different methods of examining and analyzing the data, they have somewhat
different sources of data and means of presenting them but they find closely the same
results.

To see clearly the pattermns of temperature change requires continuous, sustained efforts.
When we look at small regions and short periods of time we can get fooled easily by the
ups and downs of local weather or by changes that do not persist. For example, during this
past winter New York and Washington were relatively cold while Montreal was relatively
hot. The year 2009 was the warmest on record for the entire world south of the Equator.
So even with a variable as simple and familiar as temperature, we need sustained
measurements from many places as opposed to simply relying completely on our own
senses where we live.

Ocean surface temperatures are also on the rise. Records from shipboard measurements
and from recent satellite observations show a global warming. Temperatures vary with
water depth and it i1s most meaningful to keep track of the total heat content of the upper
oceans (above 700 meters depth), the waters that are in closest contact with the air.
Oceanic heat content has increased significantly since 1980. The fact that oceans are
warming more slowly than air is likely due to the retarding influence of the large heat
capacity of water.

Arctic sea ice. Most of us are aware that the horizontal extent of ice covering the
Arctic Ocean has shrunk with especially rapid increases in the amount of open water in the
summertime Arctic in the past decade. The decreasing extent has been visible (literally)
from satellite images and from reports of marine navigators. A measure that has not been
known as widely and is more difficult to measure is the thickness of the Arctic seaice. Itis

[ 393
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now known that the thickness has decreased by over 50% in the past 50 years. The
extensive measurement record comes to us from recently declassified U.S. Navy data and
from recent satellite data

Ice on the Greenland and Antarctic Countinents.

Massive amounts of ice are perched on the land of Greenland and Antarctica and they are
important to Earth’s climate in several ways. One way is that water added to Greenland (as
snow) or Antarctica ice lowers sea level and ice moved from Greenland and Antarctica,
either as ice or liquid water, to the oceans raises sea level. Just in the past few years, it has
become possible to measure changes in the masses of ice in these two places. The data
show that ice is being lost, and at accelerating rates. Of course, snow is added during the
respective wintertimes and lost in the following summers but rather than being in balance,
the net annual change is negative, and increasingly so. The key measurements are from
NASA satellites using ultra-sensitive gravity sensors and sophisticated radars. Such data
were simply not available until approximately 2000-2005.

Sea Level. Measurements show that sea levels are rising worldwide. The
measurements are being made by specialized radar-ranging instruments on Earth-orbiting
satellites. Prior to 1992, such devices were unknown and data were gathered carefully but
with more primitive instruments along coastlines. Prior to 1992, the best estimate of
global-averaged sea-level rise was about 1.6 mm/year (17 cm in 110 years) and there were
significant differences from continent to continent. Now the observed rate of rise 15 3.2
mm/year, approximately double the earlier rise, and the worldwide average is known more
clearly. This newer, larger rate of rise can be explained well by adding the rates due to ice
losses from Greenland, Antarctica, and inland glaciers to the contribution from thermal
expansion of (warming) ocean water. Current estimates of future rates of sea-level rise are
larger than those of five years ago but they are still not viewed with confidence.

Other Climate Indicators.

Climate is a big word and many variables go into defining it. Some of them are very
meaningful for human, animal and plant life. I will mention just a few. Growing seasons
are becoming longer in many places and areas with snow cover in the early spring are
decreasing. Dates of snow melt are coming earlier. The total snowpack mass is decreasing
especially in the Pacific northwest and California. More new record maximum
temperatures are being recorded than new record low temperatures. Precipitation amounts
are increasing on average. More high-intensity precipitation events are being recorded.
Observing these trends and defining them better requires a large commitment to
measurements and to data analysis.

Explaining and Predicting Climate Change.

The Greenhouse Effect. For over 100 years, scientists have known the physics of
the greenhouse effect, how certain gaseous chemicals in air absorb and re-radiate planetary
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infrared radiation, thus trapping more energy near the surface than would happen without
these gases. The most important wavelengths of radiation and the chemicals that interact at
these wavelengths are well known from laboratory and ficld measurements. The fact that
the concentrations of such chemicals like carbon dioxide, methane, nitrous oxide and a
number of synthetic fluorine-containing organic compounds have increased worldwide is
well-established from direct measurements. In turn, it is well-established that human
activities have caused these increases, for example, approximately 85 % of the current
carbon dioxide increase is due to fossil-fuel burning and perhaps 15% from deforestation.
Not only is there this “bottoms-up” information but there is also the predictive power of
calculations using it; we can calculate how much global warming should have been
expected from these changes to the atmospheric and we get very reasonable answers.

Not only does the well-understood greenhouse effect serve to explain the altered planetary
energy balance that we are seeing, there is no altemative explanation which anyone has
identified. Scientists continue to look for alternative explanations but no good ideas have
come forward.

Similarly, scientists are performing increasingly detailed calculations of Earth’s climate
changes that are based on the greenhouse effect and trying to pin down more detailed
manifestations of the changes in temperatures, precipitation, ice amounts and sea level, for
example. These calculations use the equations of conservation of mass, energy,
momentum, etc. and they solve the equations with differing geographical resolution on
computers. Through these calculations, scientists are evaluating the various forces at play
as the Earth system adjusts and moves further from the original balance. Some of these
forces constitute stabihizing feedbacks and some of them are destabilizing.

America’s Climate Choices.

America’s Climate Choices is a National Research Council project in response to a request
from Congress from over two years ago. America’s Climate Choices is a fairly
comprehensive and up-to-date report about major climate change topics. The first three
topical reports were released on May 19. One is called Advancing the Science of Climate
Change, the second is Limiting the Magnitude of Future Climate Change, and the third is
Adapting to the Impacts of Climate Change. A fourth panel report will be released in
several months on issues of communication involving the general public and policy makers
and an overall general report from the parent committee will be released in the fall.

The panel report on Advancing the Science of Climate Change reviews the scientific
evidence for climate change in more detail than I did today and it examines the status of the
nation’s current scientific research efforts. The report says “A strong, credible body of
scientific evidence shows that climate change is occurring, is caused largely by human
activities, and poses significant risks for a broad range of human and natural systems. As
decision makers respond to these risks, the nation’s scientific enterprise can contribute both
by continuing to improve understanding of the causes and consequences of climate change,
and by improving and expanding the options available to limit the magnitude of climate
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change and to adapt to its impacts. To do so, the nation needs a comprehensive, integrated,
and flexible climate change research enterprise that is closely linked with action-oriented
programs at all levels. Also needed are a comprehensive climate observing system,
improved climate models and other analytical tools, investments in human capital, and
better linkages between research and decision making.”

The report on Limiting the Magnitude of Future Climate Change points out that for us to
meet internationally discussed targets for limiting greenhouse gas emissions and the
associated global climate changes will require a major departure from business as usual in
how the world uses and produces energy from fossil fuels, for example. The report
recommends that U.S. policy be based in terms of a budget for the cumulative greenhouse
gas emissions over the period from 2012 to 2050. It identifies opportunities in the near
term through energy efficiency and low carbon energy sources and longer-term
opportunities through more basic research and development while it also describes a
national policy framework that can assist progress towards this common goal and the
development of policy mechanisms that are durable enough to persist for decades, but
flexible enough to adapt to new information and understanding.

The report on adaptation calls for a new realization that considers a range of possible future
climate conditions and associated impacts, some of which are outside the realm of past
experience. It outlines the need for much more targeted information and the role of the
federal government and other sectors in providing that information base and helping efforts
which will be locally and regionally based to identify appropriate information as they make
decisions. In short, it states the need for a national adaptation strategy to support and
coordinate decentralized efforts.

In sum, there is a broad challenge before us. We must continue our efforts to observe
climate changes and to understand them and to gain predictive capability while we also try
to minimize the size of these changes by limiting our emissions of greenhouse gases and at
the same time prepare thoughtfully for needed adaptation in response to climate changes
which are not avoided.

Finally, Chairman Markey, you asked me what policies are necessary to protect and
improve scientists’ ability to conduct research and to share scientific information with
policymakers. First, on the conduct of climate research, the good news is that we have one
of the essential ingredients, smart and motivated scientists, many of whom are young. They
are ready to go and many of them are already involved. To do their work, they need not
only advanced graduate education, which they have, but access to modern instruments and
computers and access to data from all over the world. Iknow that some scientists have
been harassed and threatened but so far [ do not see the need for protections aside from our
normal civil laws. An atmosphere of encouraging scientists to seek the truth and to share
their findings with others is always needed, as is a return to civility.

Climate research today is an increasingly international activity, an activity to which the
U.S. wants to contribute and also to lead. We want to be at least advanced enough so that
we can recognize and evaluate claims and breakthroughs that are made elsewhere. It is also
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important to have a climate research effort that is based on scientists in academia as well as
in government labs and elsewhere pursuing as many independent techniques and
independent lines of investigation as possible. Altogether, I think that our current effort is
thin in this regard.

The sharing of information and communication with the general public and with
policymakers is an increasingly difficult task. Part of the reason for this difficulty is that
science itself has become so specialized and climate science is no exception. Climate
science stretches over many fields of meteorology, oceanography, atmospheric physics,
various kinds of biology and chemistry, geology, paleorecords and so forth. These pursuits
are very specialized and it is increasingly difficult to communicate with generalists.
Scientists have developed their own terminology, their own vocabularies, methods, and so
forth, so the sharing of information is largely a communications problem. An essential
ingredient to this sharing of information with policymakers is the conduct and maintenance
of assessments which are high-level, peer-reviewed evaluations of the state of the science
that are written intentionally in more general terms, more understandable to non-specialists.
These assessments serve the dual role of periodically defining the state of the art and what
is understood and accepted by all as well as communicating that state more widely.
Examples of such assessments are those of the United States Global Change Research
Program and the Intergovernmental Panel on Climate Change (IPCC) and, of course, a
number of NAS-NRC reports. Through these more general assessments, the scientific
results which appear in top-flight peer-reviewed specialized scientific journals
internationally are made available to the general public and to policymakers.

Once again, Chairman Markey, thank you for the invitation to appear before you today and
for all that you are doing on this very important issue for our nation and the world.



18

The CHAIRMAN. Thank you, Dr. Cicerone, very much.

Our second witness is Dr. Mario Molina. Dr. Molina is a pro-
fessor in the Department of Chemistry and Biochemistry at the
University of California at San Diego. He won the 1995 Nobel Prize
in chemistry for his research on ozone layer depletion conducted at
MIT. Dr. Molina is the founder of the Molina Center for Strategic
Studies in Energy and the Environment in Mexico City. He serves
on the President’s Committee of Advisors in Science and Tech-
nology.

We welcome you, Dr. Molina. Whenever you are ready, please
begin.

STATEMENT OF MARIO MOLINA

Mr. MoLINA. Thank you, Chairman Markey and members of the
Select Committee, for giving me the opportunity to testify here
today. I will attempt to summarize and briefly discuss here various
questions concerning the current state of knowledge related to the
climate change threat.

As we heard in various media reports as well as in these halls,
some groups have stated in recent months that the basic conclusion
of climate change science is not valid. This conclusion is that the
climate is changing as a consequence of human activities with po-
tentially very serious consequences for society. The basis of these
allegations is mainly the exposure of stolen e-mails from the Uni-
versity of East Anglia and the discovery of some errors and sup-
posed errors in the last report of the Intergovernmental Panel of
Climate Change, the IPCC.

However, several groups of scientists have recently pointed out
that the scientific consensus remains unchanged and has not been
affected by these allegations. These groups include the one Chair-
man Markey referred to earlier on, namely, the statement from
these 255 scientists published in Science Magazine.

The conclusion is that it is now well established that the accumu-
lation of greenhouse gases resulting from human activities is caus-
ing the average surface temperature of the planet to rise at a rate
outside of natural variability with potentially damaging con-
sequences for society. I fully agree with this conclusion.

There are, in fact, some errors in the IPCC’s report, but in my
view, they certainly do not affect the main conclusion. I will not re-
view the nature of these errors here. They have been discussed in
detail elsewhere.

On the other hand, the science of climate change has continued
to evolve. New findings since this IPCC report came out in 2007
indicate that the impacts of climate change are expected to be sig-
nificantly more severe than previously thought.

There appears to be a gross misunderstanding of the nature of
climate change science among those that have attempted to dis-
credit it. They convey the idea that the science in question behaves
like a house of cards. If you remove just one card, the whole struc-
ture falls part. However, this is certainly not the way the science
of complex systems works. A much better analogy is a jigsaw puz-
zle. Many pieces are missing, some might even be in the wrong
place, but there is little doubt that the overall image is clear,
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namely, that climate change is a serious threat that needs to be ur-
gently addressed.

The scientific community is, of course, aware that the current un-
derstanding of the science of climate change is far from perfect and
that much remains to be learned, but enough is known to estimate
the probabilities that certain events will take place if society con-
tinues with “business as usual” emissions of greenhouse gases. As
expressed in the IPCC report, the scientific consensus is that there
is at least a nine out of ten chance that the observed increase in
global average temperatures since the industrial revolution is a
consequence of the increase in atmospheric concentrations of green-
house gases caused by human activities.

The existing body of climate change, while not entirely com-
prehensive and with still many questions to be answered, is robust
and extensive; and it is based on many hundreds of studies con-
ducted by thousands of highly trained scientists with transparent
methodologies, publication in public journals with rigorous peer re-
view, et cetera. And this is precisely the information that society
and decision makers in government need in order to process the
risk associated with the continued emission of greenhouse gases.

I would like to emphasize that policy decisions about climate
change have to be made by society at large, more specifically by
policymakers. Scientists, engineers, economists, and other climate
change experts should merely provide the necessary information.
However, in my opinion, even if there is a mere 50 percent prob-
ability that the changes in climate that have taken place in recent
decades is caused by human activities, society should adopt the
necessary measures to reduce greenhouse emissions, but here I am
speaking as an individual, not as a scientist.

It turns out that recent scientific studies have pointed out that
the risk of runaway or abrupt climate change increases rapidly if
the average temperature increases above about 8 to 10 degrees
Fahrenheit. Certain so-called “tipping points” could then be
reached, resulting in practically irreversible and potentially cata-
strophic changes to the Earth’s climate system, with devastating
impacts on ecosystems and biodiversity. We are talking about
changes that would induce severe flood damage to urban centers
and to island nations as sea level rises. We are talking about sig-
nificantly more destructive extreme weather events, such as
droughts and floods, et cetera. The risk associated with these tip-
ping points is perhaps only 20, 30 percent, but we have only one
planet; and, in my opinion, it is not reasonable to play Russian
Roulette with this one planet we have.

I would also like to mention that some groups have stated that
society cannot afford the cost of taking the necessary steps to re-
duce the harmful emissions. There are indeed significant uncer-
tainties about the availability and costs of energy supply and en-
ergy-end-use technologies that might be brought to bear to achieve
much lower greenhouse gas emissions than those expected on the
“business as usual” trajectory. And yet there is a consensus among
experts, namely, that the reasonable target to prevent dangerous
interference with the climate system is to limit the average surface
temperature increase above pre-industrial levels to about 4 degrees
Fahrenheit. The cost is only of the order of 1 to 2 percent of global
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GPD, and the cost associated with the negative impacts of climate
change is very likely larger.

Furthermore, besides economic considerations, as we heard be-
fore, there is an imperative ethical reason to address the problem
effectively: Our generation has the responsibility to preserve an en-
vironment that will not make it unnecessarily difficult for future
generations in our planet to have an environment of natural re-
sources suitable for the continued improvements of their economic
well-being.

The global problem caused by greenhouse gas emissions has
many similarities to the stratospheric ozone problem. In both cases,
it is crucial to change business as usual by collaboration between
nations as one global community. But the quick, effective, and
highly successful implementation of the Montreal Protocol to pro-
tect the ozone layer stands in stark contrast with the Kyoto Pro-
tocol, the international treaty developed in 1997 to address the cli-
mate change challenge that is currently being reassessed. But soci-
ety has yet to find a better way to agree on effective actions on cli-
mate change.

On the other hand, the extent of change necessary to phase out
the ozone-depleting chemicals was relatively small and relatively
easy to monitor. In contrast, climate change is caused mainly by
activities related to the production and consumption of fossil fuel
energy, which has so far been essential for the functioning of our
industrialized society. Effective action, therefore, requires a major
transformation not only in a few industries but in a great number
of activities of society.

The Montreal Protocol stands out as an important precedent that
demonstrates that an effective international agreement can indeed
be negotiated. Thus, I believe that negotiating an effective climate
change treaty is feasible, although very challenging. Nevertheless,
such a treaty would undoubtedly benefit the entire world, as was
clearly the case with the Montreal Protocol.

Thank you, Mr. Chairman.

[The statement of Mr. Molina follows:]
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Good morning, Mr. Chairman and members of the Committee. My name is Mario Molina; I am a
Professor at the University of California, San Diego, and President of the Mario Molina Center
for Studies in Energy and the Environment in Mexico City.

I will attempt to summarize and briefly discuss here various questions concerning the current
state of knowledge related to the climate change threat, adding as well some comments on the
lessons we have learned from the stratospheric ozone depletion issue that might be relevant to
the climate change problem.

Integrity of climate change science

In various media reports, as well as in the Halls of Congress, some groups have stated in recent
months that the basic conclusion of climate change science is no longer valid, namely that the
climate is changing as a consequence of human activities with potentially serious consequences
for society. Among others, the basis of these allegations is the discovery of some errors and
supposed errors in the last report of the Intergovernmental Panel on Climate Change (IPCC),
which was released in 2007.

However, several groups of scientists have recently pointed out that the scientific consensus
remains unchanged and has not been affected by these allegations: it is now well established that
the accumulation of greenhouse gases resulting from human activities is causing the average
surface temperature of the planet to rise at a rate outside of natural variability.

[ fully agree with this conclusion. Twould like to clarify, though, that the scientific community
is not absolutely certain that this conclusion is correct: the climate system is very complex, and
as stated in the 4™ Assessment Report of the IPCC (the last report) the consensus is that there is a
“mere” 90% probability that this is indeed the case.

There are in fact some errors in the [PCC report, but they certainly do not affect the main
conclusion. I will not review the nature of these errors here: they have been discussed in detail
elsewhere. 1 just want to note that they do not appear in the Summary for Policy Makers of
Working Group I, which is where the scientific consensus referred to in the previous paragraph is

1
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described in detail. On the other hand, the science of climate change has continued to evolve:
new findings since 2007 indicate that the impacts of climate change are expected to be
significantly more severe than previously thought. This has been documented, among others, by
my colleagues at MIT and at the Scripps Institution of Oceanography.

Uncertainties in climate change science

There appears to be a gross misunderstanding of the nature of climate change science among
those that have attempted to discredit it. They convey the idea that the science in question
behaves like a house of cards: if you remove just one of them, the whole structure falls apart.
However, this is certainly not the way the science of complex systems has evolved. A much
better analogy is a jigsaw puzzle: many pieces are missing, and some might even be in the
wrong place, but there is little doubt that the overall image is clear, namely that climate change is
a serious threat that needs to be urgently addressed. It is also clear that modest amounts of
warming will have both positive and negative impacts, but above a certain threshold the impacts
turn strongly negative for many ecological systems, and for most nations.

The scientific community is of course aware that the current understanding of the science of
climate change is far from perfect and that much remains to be learned, but enough is known to
estimate the probabilities that certain events will take place if society continues with “business as
usual” emissions of greenhouse gases. And this is precisely the information that society and
decision makers in government need in order to assess the risk associated with the continued
emissions greenhouse gases. | would like to emphasize that policy decisions about climate
change have to be made by society at large, and more specifically by policymakers; scientists,
engineers, economists and other climate change experts should merely provide the necessary
information. In my opinion, even if there is a mere 50% probability that the changes in climate
that have taken place in recent decades are caused by human activities, society should adopt the
necessary measures to reduce greenhouse emissions; but here I am speaking as an individual, not
as a scienfist.

In fact, recent scientific studies have pointed out that the risk of runaway or abrupt climate
change increases rapidly if the average temperature increases above about 8 to 10 degrees
Fahrenheit. Certain so-called “tipping points” could then be reached, resulting in practically
irreversible and potentially catastrophic changes to the Earth’s climate system, with devastating
impacts on ecosystems and biodiversity. These changes could induce severe flood damage to
urban centers and island nations as sea level rises, as well as significantly more destructive
extreme weather events such as droughts and floods; etc.

Economic considerations

I would also like to mention that some groups have stated that society cannot afford the cost of
taking the necessary steps to reduce the harmful emissions.

(=)
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There are indeed significant uncertainties about the availability and costs of energy-supply and
encrgy-end-use technologies that might be brought to bear to achieve much lower greenhouse-
gas emissions than those expected on the “business as usual” trajectory. And yet, the consensus
among experts is that a reasonable target to prevent dangerous interference with the climate
system is to limit the average surface temperature increase to about 4 degrees Fahrenheit; the
cost is indeed significant, but only of the order of 1| to 2% of global GDP, and is very likely
smaller that the cost associated with the negative impacts of climate change. Furthermore,
besides economic considerations there is an imperative ethical reason to address the problem
effectively: our generation has the responsibility to preserve an environment that will not make it
unnecessarily difficult for future generations in our planet to have an environment and natural
resources suitable for the continued improvement of their economic well being.

There is yet another excuse for inaction on the climate change issue that is sometimes presented
by the critics, namely that climate change is not the only problem facing society, and hence that
other more urgent problems such as poverty should be addressed first. Most of us agree, of
course, that there are other problems and that society should strive vigorously to achieve, for
example, the Millennium Development Goals articulated by the United Nations. But it would
be an error to address these problems sequentially; in fact, if some of the changes to the climate
system expected to occur as a consequence of continued emissions actually materialize it will be
much harder for many sectors of society to reach the desired standard of living.

Lessons learned from the Montreal Protocol and the stratospheric ozone depletion issue

The global problem caused by greenhouse gas emissions has many similarities to the
stratospheric ozone problem. In both cases it is crucial to change business as usual by
collaboration between nations as one global community. But the quick and effective
implementation of the Montreal Protocol to protect the ozone layer stands in stark contrast to the
Kyoto Protocol, the international treaty developed in 1997 to address the climate change
challenge that is currently being reassessed: this treaty has not been successful, and socicty has
yet to find a way to agree on effective actions on climate change.

On the other hand, the extent of change necessary to phase out the ozone-depleting chemicals
was relatively small and relatively easy to monitor. The ozone-depleting chemicals (mostly
CFCs) were used mainly as refrigerants, solvents and as propellants for spray cans, and could be
replaced with other compounds that industry was able to develop on a relatively short time scale.
In contrast, climate change is caused mainly by activities related to the production and
consumption of fossil fuel energy, which has so far been essential for the functioning of our
industrialized society. Effective action therefore requires a major transformation not only in a
few industries, but in a great number of activities of society.

Clearly, economic development cannot continue along the same path it has followed in the past,
and something has to change quite drastically. While most developed nations agree that for
equity reasons they have to enable this change by providing economic resources and technology
transfer to developing nations, the main problems that are being currently experienced with
international negotiations result from excessive demands from some industrialized countries for
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“binding commitments” by all developing nations, as well as excessive demands by some
developing nations for economic contributions as a condition for change. But the Montreal
Protocol stands out as an example that demonstrates that an effective international agreement can
indeed be negotiated. An important precedent from the Montreal Protocol is the creation of the
“Multilateral Fund”, which was instrumental to effectively address the stratospheric ozone
question by providing resources to developing nations to achieve a smooth transition to a CFC-
free society. The stratospheric ozone and the climate change problems are truty global: in the
case of stratospheric ozone the nations of the world realized that they all would benefit from an
effective international treaty, and that they would all lose if no agreement was reached. Thus, |
believe that negotiating an effective climate change treaty is feasible, although very challenging.
Nevertheless, such a treaty would undoubtedly benefit the entire world, as was the case with the
Montreal Protocol.
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The CHAIRMAN. Thank you, Dr. Molina, very much.

Our third witness today is Dr. Ben Santer. Dr. Santer is a re-
search scientist in the program for Climate Model Diagnosis and
Intercomparison at the Lawrence Livermore National Laboratory.

Previously, Dr. Santer was on the staff of the Max Planck Insti-
tute for Meteorology in Hamburg, Germany. He served as a con-
vening lead author for the 1995 report of the IPCC. He holds a
Ph.D in climatology from the Climactic Research Unit at the Uni-
versity of East Anglia and has been a recipient of the MacArthur
Fellowship.

We welcome you, sir. Whenever you are ready, please begin.

STATEMENT OF BEN SANTER

Mr. SANTER. Chairman Markey, I would like to thank you, Rank-
ing Minority Member Sensenbrenner, and the other members of
the House Select Committee for the opportunity to appear before
you today. This is my first testimony.

I have been employed since 1992 at Lawrence Livermore Na-
tional Lab’s program for Climate Model Diagnosis and Inter-
comparison. Our group was established in 1989 by the U.S. Depart-
ment of Energy. Our omission is to quantify how well computer
models simulate important aspects of present day and historical cli-
mate and to reduce uncertainties in climate model projections of fu-
ture changes.

As you mentioned, I have a Ph.D in climatology from the Cli-
matic Research Unit of the University of East Anglia. I went to the
Climatic Research Unit in 1983 because it was and still remains
one of the world’s premiere institutions for studying past, present,
and future climate.

After completing my Ph.D in 1987, I devoted much of my sci-
entific career to climate fingerprinting, which seeks to understand
the causes of recent climate change. The basic strategy in
fingerprinting is to search through observational records for the cli-
mate change pattern predicted by a computer model. This pattern
is called the fingerprint. The underlying assumption is that each
influence on climate, such as purely natural changes in the sun or
human-caused changes in greenhouse gas concentrations, has a
unique distinguishing fingerprint.

In the mid-1990s, fingerprint research focused on changes in
land and ocean surface temperature. This research provided sup-
port for the Discernable Human Influence conclusion of the 1996
IPCC Second Assessment Report.

One criticism of the first fingerprint studies went something like
this: If there really is a human-caused climate change signal lurk-
ing in observations, scientists should see this signal in many dif-
feirent aspects of the climate system, not in surface temperature
alone.

Over the past 14 years, the scientific community has responded
to this criticism. We have now performed fingerprint studies with
many different properties of the climate system, such as the heat
content of the ocean, the temperature of the atmosphere, the salin-
ity of the Atlantic, large-scale rainfall and pressure patterns, at-
mospheric moisture, continental runoff, and Arctic sea ice extent.
The message from all of these studies is that natural causes alone
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cannot explain the observed climate changes over the second half
of the 20th century. The best explanation of the observed climate
changes invariably involves a large human contribution.

Extraordinary claims require extraordinary proof. The IPCC’s ex-
traordinary claim that there is a discernible human influence on
global climate has received extraordinary scrutiny. This claim has
been independently corroborated by the U.S. National Academy of
Sciences, the science academies of other nations, and the reports of
the U.S. Climate Change Science Plan. Many professional scientific
organizations have also affirmed the reality of the human influence
on global climate.

Finally, I would like to make a few comments regarding some of
the nonscientific difficulties I have faced. In April, 1994, I was
asked to serve as convening lead author of chapter eight of the
IPCC’s Second Assessment Report. Chapter eight reached the now
historic conclusion that there is a discernible human influence on
global climate. This sentence changed my life.

Shortly after publication of the ‘96 IPCC report, I was publicly
accused of political tampering, scientific cleansing, of abuses of the
peer-review system, and even of irregularities in my own scientific
research. Responses to these unfounded allegations have been
given in a variety of different fora by myself, by the IPCC, and by
other scientists, yet the allegations remain much more newsworthy
than the rebuttals.

I firmly believe that I would now be leading a different life if my
research suggested that there was no human effect on climate. I
would not be the subject of congressional inquiries, Freedom of In-
formation Act requests, or e-mail threats. I would not need to be
concerned about the safety of my family.

It is because of the work I do and because of the findings my col-
leagues and I have obtained that I have experienced interference
with my ability to perform scientific research. As my testimony in-
dicates, the scientific evidence is compelling. We know beyond a
shadow of a doubt that human activities have changed the chem-
ical composition of the Earth’s atmosphere, and we know that these
human-caused changes in the levels of greenhouse gases make it
easier for the atmosphere to trap heat and have had important ef-
fects on our climate.

Some take comfort in clinging to the false belief that humans do
not have the capacity to influence global climate, that “business as
usual” is good enough for today. Sadly, business as usual will not
be good enough for tomorrow. The decisions we reach today will im-
pact the climate future that our children and grandchildren inherit.
I think most Americans want those decisions to be based on the
best available scientific information, not on wishful thinking or on
well-funded disinformation campaigns.

This is one of the defining moments in our country’s history and
in the history of our civilization. For a little over a decade, we have
achieved true awareness of our ever-increasing influence on global
climate. We can no longer plead that we were ignorant, that we did
not know what was happening. Future generations will not care
about the political or religious affiliations of the men and women
in this room. What they will care about is how effectively we ad-
dress the problem of human-caused climate change.
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Thank you.
[The statement of Mr. Santer follows:]
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1. Biographical information

My name is Benjamin Santer. | am a climate scientist. | work at Lawrence

Livermore National Laboratory (LLNL) in Livermore, California.

I have been employed since 1992 in LLNL's Program for Climate Model
Diagnosis and Intercomparison (PCMDI). PCMD! was established in 1989 by the
U.S. Department of Energy, and has been at LLNL since then. PCMDI’s mission is
to quantify how well computer models simulate important aspects of present-day
and historical climate, and to reduce uncertainties in model projections of future

climate change.

PCMDI is not engaged in developing its own computer model of the climate
system (“climate model”). Instead, we study the performance of all of the world’s
major climate models. We also coordinate international climate modeling
simulations, and help the entire climate science community to analyze and

evaluate climate models.

I have a Ph.D. in Climatology from the Climatic Research Unit of the

University of East Anglia in the United Kingdom. | went to the Climatic Research
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Unit in 1983 because it was {and still is) one of the world’s premier institutions for
studying past, present, and future climate. During the course of my Ph.D., | was
privileged to work together with exceptional scientists — with people like Tom

Wigley, Phil Jones, Keith Briffa, and Sarah Raper.

My thesis explored the use of so-called “Monte Carlo” methods in assessing
the quality of different climate models. After completing my Ph.D. in 1987, |
spent five years at the Max-Planck Institute for Meteorology in Hamburg,
Germany. During my time in Hamburg, | worked with Professor Klaus Hasseimann
on the development and application of “fingerprint” methods, which seek to

improve our understanding of the nature and causes of climate change.

Much of the following testimony is adapted from a chapter Tom Wigley and

| recently published in a book by Dr. Stephen Schneider (1).

2.Introduction

In 1988, the Intergovernmental Panel on Climate Change (IPCC) was jointly
established by the World Meteorological Organization and the United Nations
Environment Programme. The goals of this panel were threefold: to assess
available scientific information on climate change, to evaluate the environmental
and societal impacts of climate change, and to formulate response strategies. The
IPCC's first major scientific assessment, published in 1990, concluded that
“unequivocal detection of the enhanced greenhouse effect from observations is

not likely for a decade or more” (2).
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In 1996, the IPCC's second scientific assessment made a more definitive
statement regarding human impacts on climate, and concluded that “the balance
of evidence suggests a discernible human influence on global climate” (3). This
cautious sentence marked a paradigm shift in our scientific understanding of the
causes of recent climate change. The shift arose for a variety of reasons. Chief
amongst these was the realization that the cooling effects of sulfate aerosol
particles (which are produced by burning fossil fuels) had partially masked the
warming signal arising from increasing atmospheric concentrations of greenhouse

gases (4).

A further major area of progress was the increasing use of “fingerprint”
studies (5, 6, 7). The strategy in this type of research is to search for a
“fingerprint” {the climate change pattern predicted by a computer model) in
observed climate records. The underlying assumption in fingerprinting is that
each “forcing” of climate — such as changes in the Sun’s energy output, volcanic
dust, sulfate aerosols, or greenhouse gas concentrations — has a unique pattern of
climate response (see Figure 1). Fingerprint studies apply signal processing
techniques very similar to those used in electrical engineering (5). They allow
researchers to make rigorous tests of competing hypotheses regarding the causes

of recent climate change.
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The third IPCC assessment was published in 2001, and went one step

further than its predecessor. The third assessment reported on the magnitude of
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the human effect on climate. It found that “There is new and stronger evidence
that most of the warming observed over the last 50 years is attributable to human
gctivities” (9). This conclusion was based on improved estimates of natural
climate variability, better reconstructions of temperature fluctuations over the
last millennium, continued warming of the climate system, refinements in
fingerprint methods, and the use of results from more {and improved) climate
models, driven by more accurate and complete estimates of the human and

natural “forcings” of climate.

This gradual strengthening of scientific confidence in the reality of human
influences on global climate continued in the IPCC AR4 report, which stated that
“warming of the climate system is unequivocal”, and that “most of the observed
increase in global average temperatures since the mid-20" century is very likely
due to the observed increase in anthropogenic greenhouse gas concentrations”
(10) (where “very likely” signified >90% probability that the statement is correct).
The AR4 report justified this increase in scientific confidence on the basis of
“..longer and improved records, an expanded range of observations and
improvements in the simulation of many aspects of climate and its variability”
(10). In its contribution to the AR4, IPCC Working Group Il concluded that
anthropogenic warming has had a discernible influence not only on the physical
climate system, but also on a wide range of biological systems which respond to

climate (11).

Extraordinary claims require extraordinary proof (12). The IPCC’s

extraordinary claim that human activities significantly altered both the chemical
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composition of Earth’s atmosphere and the climate system has received
extraordinary scrutiny. This claim has been independently corroborated by the
U.S. National Academy of Sciences {13), the Science Academies of eleven nations
(14), and the Synthesis and Assessment Products of the U.S. Climate Change
Science Plan {15). Many of our professional scientific organizations have also

affirmed the reality of a human influence on global climate (16).

Despite the overwhelming evidence of pronounced anthropogenic effects
on climate, important uncertainties remain in our ability to quantify the human
influence. The experiment that we are performing with the Earth’s atmosphere
lacks a suitable control: we do not have a convenient “undisturbed Earth”, which
would provide a reference against which we could measure the anthropogenic
contribution to climate change. We must therefore rely on numerical models and
paleoclimate evidence {17} to estimate how the Earth’s climate might have
evolved in the absence of any human intervention. Such sources of information

will always have significant uncertainties.

In the following testimony, | provide a personal perspective on recent
developments in the field of detection and attribution {(“D&A”) research. Such
research is directed towards detecting significant climate change, and then

attributing the detected change to a specific cause or causes (18, 19, 20, 21).
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3. Recent Progress in Detection and Attribution Research

Fingerprinting
The IPCC and National Academy findings that human activities are affecting

global-scale climate are based on multiple lines of evidence:

1. Our continually-improving physical understanding of the climate system

and the human and natural factors that cause climate to change.

2. Evidence from paleoclimate reconstructions, which enables us to place the

warming of the 20th century in a longer-term context (22, 23).

3. The qualitative consistency between observed changes in different aspects
of the climate system and mode! predictions of the changes that should be

occurring in response to human influences (10, 24).

4. Evidence from rigorous quantitative fingerprint studies, which compare

modeled and observed patterns of climate change.

Most of my testimony will focus on the fingerprint evidence, since this is

within my own area of scientific expertise.
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As noted above, fingerprint studies search for some pattern of climate
change (the “fingerprint”) in observational data. The fingerprint can be estimated
in different ways, but is typically obtained from a computer model experiment in
which one or more human factors are varied according to the best-available
estimates of their historical changes. Different statistical techniques are then
applied to quantify the level of agreement between the fingerprint and
observations and between the fingerprint and estimates of the natural internal
variability of climate. This enables researchers to make rigorous tests of
competing hypotheses (25) regarding the possible causes of recent climate

change (18, 19, 20, 21).

While early fingerprint work dealt almost exclusively with changes in near-
surface or atmospheric temperature, more recent studies have applied fingerprint
methods to a range of different variables, such as ocean heat content (26, 27),
Atlantic salinity changes (28), sea-level pressure (29), tropopause height (30),
zonal-mean rainfall (31), surface humidity (32), atmospheric moisture (33, 34),
and Arctic sea ice extent (35). The general conclusion is that for each of these
variables, natural causes alone cannot explain the observed climate changes over
the second half of the 20th century. The best statistical explanation of the

observed climate changes invariably involves a large human contribution.

These results are robust to the processing choices made by different
groups, and show a high level of physical consistency across different climate

variables. For example, observed atmospheric water vapor increases (36) are
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physically consistent with increases in ocean heat content (37, 38) and near-

surface temperature (39, 40).

There are a number of popular misconceptions about fingerprint evidence,
One misconception is that fingerprint studies consider global-mean temperatures
only, and thus provide a very poor constraint on the relative contributions of
human and natural factors to observed changes (41). In fact, fingerprint studies
rely on information about the detailed spatial structure {and often the combined
space and time structure) of observed and simulated climate changes. Complex
patterns provide much stronger constraints on the possible contributions of

different factors to observed climate changes (42, 43, 44),

Another misconception is that computer model estimates of natural
internal climate variability (“climate noise”) are accepted uncritically in fingerprint
studies, and are never tested against observations (45). This is demonstrably
untrue. Many fingerprint studies test whether model estimates of climate noise
are realistic. Such tests are routinely performed on year-to-year and decade-to-
decade timescales, where observational data are of sufficient length to obtain

reliable estimates of observed climate variability (46, 47, 48, 49).

Because regional-scale climate changes will determine societal impacts,
fingerprint studies are increasingly shifting their focus from global to regional
scales. Such regional studies face a number of challenges. One problem is that the

noise of natural internal climate variability typically becomes larger when
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averaged over increasingly finer scales (50), so that identifying any human-caused

climate signal becomes more difficult.

Another problem relates to the climate forcings used in computer model
simulations of historical climate change. As scientific attention shifts to ever
smaller spatial scales, it becomes more important to obtain reliable information
about these forcings. Some forcings are both uncertain and highly variable in
space and time (51,52). Examples include human-induced changes in land surface
properties (53) or in the concentrations of carbon-containing aerosols (54, 55).

Neglect or inaccurate specification of these factors complicates D&A studies.

Despite these problems, numerous studies have now shown that the
climate signals of greenhouse gases and sulfate aerosols are identifiable at
continental and sub-continental scales in many different regions around the globe
(56, 57, 58, 59). Related work (60, 61) suggests that an human-caused climate
signal has already emerged from the background noise at even smaller spatial
scales {at or below 500 km) (62), and may be contributing to regional changes in

the distributions of plant and animal species (63).

In summarizing this section of my testimony, | note that the focus of
fingerprint research has evolved over time. Its initial emphasis was on global-scale
changes in Earth’s surface temperature. Subsequent research demonstrated that
human fingerprints were identifiable in many different aspects of the climate
system ~ not in surface temperature only. We are now on the verge of detecting

human effects on climate at much finer regional scales of direct relevance to
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policymakers, and in variables tightly linked to climate change impacts (64, 65, 66,

67, 68).

The Microwave Sounding Unit Debate

For over a decade, scientists critical of “fingerprint” studies have argued that
tropospheric temperature measurements from satellites and weather balloons
(radiosondes) show little or no warming of the troposphere over the past several
decades, while climate models indicate that that the troposphere should have
warmed markedly in response to increases in greenhouse gases (see Figure 1,
upper left panel). This apparent discrepancy between climate model estimates
and observations has been used to cast doubt on the reality of a “discernible

human influence” on the climate system (69).

It is unquestionable that satellites have transformed our scientific
understanding of the weather and climate of planet Earth. Since 1979, Microwave
Sounding Units {MSU) on polar-orbiting satellites have measured the microwave
emissions of oxygen molecules in the atmosphere. These emissions are
proportional to atmospheric temperatures. By monitoring microwave emissions
at different frequencies, scientists can obtain information about the temperatures
of broad atmospheric layers. Most attention has focused on the temperatures of
the lower stratosphere and mid- to upper troposphere (T, and T, respectively) as

well as on an estimate of lower tropospheric temperatures (T,.7) (70).
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The first attempts to obtain climate records from MSU data were made by
scientists at the University of Alabama in Huntsville (UAH) (71, 72, 73). Until
recently, the UAH group’s analysis of the MSU data suggested that the tropical
fower troposphere had cooled since 1979. Concerns regarding the reliability of
the MSU-based tropospheric temperature trends were countered with the
argument that weather balloons also suggested cooling of the tropical
troposphere (74), and constitute a completely independent temperature

monitoring system {75, 76).

Throughout most of the 1990s, only one group (the UAH group) was
actively working on the development of temperature records from MSU data. In
1998, the Remote Sensing Systems (RSS) group in California identified a problem
in the UAH data related to the progressive orbital decay and altitude loss over the
lifetimes of individual satellites. This introduced a spurious cooling trend in the
UAH data (77). The RSS scientists (Wentz and Schabel) found that the lower

troposphere had warmed over the satellite era.

The UAH group subsequently identified two new corrections that
approximately compensated for the cooling influence of orbital degradation. The
first correction was related to the effects of orbital drift on the sampling of Earth’s
diurnal temperature cycle. The second (the so-called “instrument body effect”)
was due to variations in measured microwave emissions arising from changes in
the temperature of the MSU instrument itself, caused by changes in the

instrument’s exposure to sunlight (78).
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Additional research cast doubt on the UAH results. Three separate groups
found that the mid- to upper troposphere had warmed markedly over the
satellite era (79, 80, 81, 82, 83, 84, 85), in contrast to the UAH results {74, 78). The
UAH group, however, continued to claim close correspondence between their
own MSU-based estimates of tropospheric temperature trends and trends
derived from weather balloons (“radiosondes”} (74). This raised critical questions
regarding the quality of radiosonde temperature measurements. Were these

measurements an unambiguous gold standard?

Recent research indicates that the answer to this question is “no”. The
temperature sensors carried by weather balloons have changed over time, as has
the shielding that protects the sensors from direct solar heating. Solar heating of
the sensors can affect the temperature measurements themselves. The
introduction of progressively more effective shielding results in less solar heating,
and this in turn imparts a non-climatic cooling trend to the daytime

measurements.

Sherwood et al. (86) discovered this effect by comparing the radiosonde-
based temperature trends based on nighttime ascents (with no solar heating
effects) and daytime launches. When 