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DATA OR DOGMA? PROMOTING OPEN
INQUIRY IN THE DEBATE OVER THE
MAGNITUDE OF HUMAN IMPACT
ON EARTH’S CLIMATE

TUESDAY, DECEMBER 8, 2015

U.S. SENATE,
SUBCOMMITTEE ON SPACE, SCIENCE, AND COMPETITIVENESS,
COMMITTEE ON COMMERCE, SCIENCE, AND TRANSPORTATION,
Washington, DC.

The Subcommittee met, pursuant to notice, at 3:10 p.m., in room
SR-253, Russell Senate Office Building, Hon. Ted Cruz, Chairman
of the Subcommittee, presiding.

Present: Senators Cruz [presiding], Gardner, Daines, Nelson,
Schatz, Markey, Booker, Udall, and Peters.

OPENING STATEMENT OF HON. TED CRUZ,
U.S. SENATOR FROM TEXAS

Senator CRUZ. This hearing will come to order.

Good afternoon, everyone. Welcome to what I hope will be an im-
portant and informative hearing.

This is a hearing on the science behind claims of global warming.
Now this is the Science Subcommittee of the Senate Commerce
Committee, and we are hearing from distinguished scientists, shar-
ing their views, their interpretation, their analysis of the data and
the evidence.

Now I am the son of two mathematicians, two computer pro-
grammers and scientists. And I believe that public policy should
follow the actual science and the actual data and evidence and not
political and partisan claims that run contrary to the science and
data and evidence.

On November 28, 2013, an intrepid band of explorers set off from
New Zealand on a research expedition to the Antarctic. Among
their goals was investigating the impact of global warming on the
Antarctic continent and islands.

On Christmas Eve, they became stuck in ice, ice that the climate
industrial complex had assured us were vanishing. This expedition
was there to document how the ice was vanishing in the Antarctic,
but the ship became stuck. It had run into an inconvenient truth,
as Al Gore might put it.

Three icebreakers tried and failed to reach the trapped ship be-
cause the ice was too thick. After a week of rescue attempts, the
passengers were airlifted from the vessel.
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Here are the inconvenient facts about the polar ice caps. The
Arctic is not ice-free. This year’s minimum sea ice extent was well
above the record low observed in 2011. In the Antarctic, a recent
study from the Journal of Glaciology indicates that the ice is not
only not decreasing but is, in fact, increasing in mass, directly con-
trary to what the global warming alarmists had told us would be
happening. This is not what their climate models projected.

Yet these inconvenient facts never seem to get the attention of
people like John Kerry. And indeed, I would note behind me, on
August 31, 2009, then-Senator John Kerry said, “Scientists project
that the Arctic will be ice free in the summer of 2013. Not in 2050,
but 4 years from now.”

Well, the summer of 2013 has come and gone, and John Kerry
was not just a little bit, he was wildly, extraordinarily, entirely
wrong. Had the Antarctic expedition in the picture next to it not
believed the global warming alarmists, had they actually looked to
the science and the evidence, they wouldn’t have gone down and
been surprised when they got stuck in ice.

Facts matter. Science matters. Data matters. That is what this
hearing is about—data.

According to the satellite data, there has been no significant
global warming for the past 18 years. Those are the data. The glob-
al warming alarmists don’t like these data. They are inconvenient
to their narrative. But facts and evidence matters.

And I would note that many in the media reflexively take the
side of the global warming alarmists. Reflexively oppose anyone
who actually points out, well, was John Kerry’s prediction accu-
rate? No, it was stunningly and entirely false.

Was the prediction of computer model after computer model that
showed dramatic warming, were those predictions correct? No. The
satellite data demonstrate no significant warming over 18 years.

Public policy should follow science and evidence and data, and I
would note that I found it amusing that our friends on the Demo-
cratic side of the aisle, I have discovered, held a press conference
today as a “prebuttal” to this hearing. I suppose I should view that,
in a sense, as a back-handed compliment. I am reminded of the
Bard, “Methinks she doth protest too much.”

What does it say when members of the United States Senate are
protesting how dare the Science Subcommittee in the U.S. Senate
hear testimony from scientists about actual science? How dare we
focus on such topics? I think that is, indeed, exactly what we were
elected to do.

Senator Peters?

STATEMENT OF HON. GARY PETERS,
U.S. SENATOR FROM MICHIGAN

Senator PETERS. Thank you, Mr. Chairman.

And I would first like to thank the witnesses for being here today
and for your testimony on what is surely a very important topic.

When we think about global warming, there are risks and there
are certainties. Let us talk first about the certainties. By burning
fossil fuels, humans are releasing carbon into the atmosphere that
would have otherwise remained locked away. This process creates
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carbon dioxide, a greenhouse gas that traps heat that otherwise
would have been radiated off into space.

We know that by the law of conservation of energy that addi-
tional heat can’t just magically disappear. Instead, it causes our
planet to get warmer.

What else is certain? We are already seeing the symptoms of a
warming planet not just in the temperature records, but in the ris-
ing sea and shrinking ice levels, in toxic algae blooms that are
flourishing in the Great Lakes that were made worse by increased
precipitation, runoff, and warmer water temperatures, tainting
drinking water for 2.8 million people in recent years. All of that is
certain.

Now let us talk about the risk. Managing risk is all about look-
ing at a range of possible outcomes and consequences, looking at
the likelihood of each of those consequences, and then looking to
see if there is anything you can do to reduce the likelihood of those
consequences or both.

From our models and from our understanding of the science, we
see a range of potential outcomes, a range of possible warming
trends, a range of consequences based on those trends. There are
implications for our national security, for the economic health of
our country, for our food supply and agriculture, and for the health
and safety of Michiganders, Americans, as well as people all
around the planet.

The possible consequences of all these areas range from the bad
to the catastrophic. Given our best scientific judgment of our risk
posture of the consequences we face as a civilization and the likeli-
hood of those consequences occurring, we must do what we can to
mitigate these risks.

We are going to hear today that there is some disagreement,
some disagreement in the scientific community over the magnitude
of that risk. As a matter of fact, I know we are going to hear from
three scientists and a political commentator and blogger who dis-
agree with varying aspects of the scientific consensus, as well as
to argue that the science is not settled.

We will hear we need to support our scientific community so that
they can continue to answer the open questions and help policy-
makers make better—or better understand the risks that we face.
And we will hear that scientists need to be protected from political
interference from either side of the aisle. And I certainly agree that
we need to support our scientific community and protect them from
political influence, but I also know that while we continue to refine
the science, we have to act on the risks and findings that our sci-
entists have discovered.

I would like to introduce into the record statements and letters
from various science professional organizations representing tens of
thousands, tens of thousands of scientists, including the American
Association for the Advancement of Science, the American Chem-
ical Society, the American Geophysical Union, the American Mete-
orological Society, the American Society for Agronomy, Crop
Science Society of America, Soil Science Society of America, the
American Statistical Association, the Ecological Society of America,
the American Institute of Biological Sciences, and the Geological
Society of America.
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It is the position of these organizations that the evidence is over-
whelming that the Earth is warming, global warming is real, and
that human activity is the primary contributor.

I would like unanimous consent, Mr. Chairman, to enter these
statements into the record.

Senator CrRUZ. Without objection.

[The information referred to follows:]

December 7, 2015
The Honorable Ted Cruz The Honorable Gary Peters
Committee on Commerce, Science, and C ittee on C . Science, and
Transportation Transportation
404 Russell Senate Office Building 724 Hart Senate Office Building
Washington, DC 20510 Washington, DC 20510

Dear Senators Cruz and Peters:

As you convene for a hearing to consider our understanding of the magnitude of human impact
on Earth's ¢limate, | write on behalf of the American Association for the Advancement of
Science (AAAS) 1o state the scientific consensus view, as echoed in our Board of Directors’
2006 Statement on Climate Change (attached): "climate change is occurring, and rigorous
scientific research demonstrates that the greenhouse gases emitted by human activities are the
primary driver. These conclusions are based on multiple independent lines of evidence.” There
is virtually no scientific controversy on the core facts of climate change based on scientific
principles we've known from over a hundred years to more recent research.

Scientists from a broad-range of disciplines continue to work each day to strengthen and deepen
our understanding of the Earth’s climate and humanity’s impact thereon. Asking questions and
collecting and reexamining evidence is how the scientific process works. We are committed to
the principle that scientific inquiry and open scientific communication—regardless of field of
study—should proceed unhampered by intrusions on academic freedom,

We share the Congress's goal of enabling objective and meritorious climate science research,
and stand ready to provide assistance as you seek to better understand humanity’s impact on the
Earth’s climate.

Sincerely,

o %

Gerald R. Fink

Chair, AAAS Board of Directors

Herman and Margaret Sokol Professor

Whitehead Institute/M t Institute of Technology

American Association for the Advancement of Science
1200 New York Avenue, NW, Washingion, DC 20005 USA
Tel: 202 326 6600 Fax: 202 289 4950
WWW, A0S, OTE
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AAAS Board Statement
on Climate Change

Approved by the Board of Directors
American Association for the Advancement of Science

9 December 2006

The scientific evidence is clear: global cli-
mate change caused by human activities
is occurring now, and it is a growing

threat o soclety. data from

ring, with a mounting toll on vulnerable
ecosystems and societies. These events
are early warning signs of even more

across the globe reveal a wide array of
effects: rapidly melting glaciers, destabi-
lization of major ice sheets, increases in
extreme weather, rising sea level, shifts
in species ranges, and more. The pace of
change and the evidence of harm have
increased markedly over the last five
years. The time to control greenbouse

damage to come, some of
which will be irreversible.

Delaying action to address climate
change will increase the environmental
and societal consequences as well as
the costs. The longer we wait to tackle
climate change, the harder and more
expensive the task will be,

The growing toment of information pres-
ents a clear message: we are already
experiencing global climate change. It is
time to muster the political will for con-
certed action. Stronger leadership at all
levels is needed. The time is now. We
must rise to the challenge. We owe this
to future generations.

The conclusions in this statement
reflect the scientific consensus
represented by, for example, the

| Panel on Climate

Change (www.ipce.chf), and the Joint

gas emissions s now,

History provides many of
The atmospheric concentration of society confronting grave threats by
carbon dioxide, a critical b bilizing k dge and i National Academies’ statement
gas, is higher than it has been for at innavation. We need an aggressive (http://nationalacademies.
least 650,000 years. The average tem- research, devel and depl J

perature of the Earth is heading for
levels not experienced for millions of
years. Sclentific predictions of the
impacts of increasing atmospheric con-
centrations of greenhouse gases from
fossil fuels and deforestation match
observed changes. As expected, intensi-
fication of droughts, heat waves, floods,
wildfires, and severe storms is occur-

For more informalion:

www.aaas.org/climate

effort to transform the existing and
future energy systems of the world away
from technologies that emit greenhouse
gases, Developing clean energy tech-
nologies will provide economic opportu-
nities and ensure future energy
supplies.

In addition to rapidly reducing green-
house gas emissions, it is essential that
we develop strategies to adapt to
‘ongoing changes and make communi-
ties more resilient to future changes.

5.pdf).

AYAAAS

ADYAREING SCIENCE, SEAVING $OCIHTY



AAAS Board Statement on Climate Change
Approved by the AAAS Board of Directors
o December 2006
Gilbert 5. Omenn, Chair, AAAS Board
University of Michigan Health System

John Holdren, ARAS President
Harvard University and The Woods Hole Research Center

David Baltimore, AAAS President-Elect
(California Institute of Technology

David E. Shaw, AAAS Treasurer
D.E. Shaw & Co., Inc.

William T. Golden, AAAS Treasurer Emeritus
Alan I Leshner, AAAS Chief Executive Officer
Rosina M. Bierbaum

University of Michigan
John E. Dawling

Harvard University

Lynn Enquist
Princeton University
Dr. Susan Fitzpatrick
lames S, McDonnell Foundation
Dr. Alice Gast
Lehigh University
Dr. Thomas D. Pollard
Yale University
Dr. Peter R. Stang
University of Utah
Dr. Kathryn D. Sullivan
Ohio State University



AMERICAN METEOROLOGICAL SOCIETY
45 BEACON STREET. BOSTON, MA 02108-3¢€ U.S.A.

TEL B17-227-2425 THL. Exgcumve DiRECTOR
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7 December 2015

The Honorable Ted Cruz, chairman

Subcommittee on Space, Science, and Competitivencss
Committee on Commerce, Science & Transportation
Russell Senate Office Building, Room 234
Washington DC, 20510

Dear Senator Cruz:

The topics identified for discussion in the hearing titled “Data or Dogma? Promoting Open Inquiry in the
Debate over the Magnitude of Human Impact on Earth’s Climate™ are important ones, The Amencan
Meteorological Socicty (AMS) is strongly committed to open mmtll‘c debate, the free expression nf
scientific ideas, and the freedom for 1515 to pursue h topics without political interference.’ In
response to two recent efforts to question the integrity of scientists that appear politically motivated, AMS
wrote letters expressing concem, with one of those letters supporting two of the witnesses selected by vou
and the Majority staff to appear in this hearing.*

AMS has also been a strong champion of the scientific process. That process includes peer-review of
scientific amclcs followed by further vetting, u.stmg and \alrdalmg of concepts and ideas by independent
experts —d ling findings that cannot fi it d such testing. Scientists face strong
professional incentives to prove each other wrong and relish doing so. This constitutes an extremely
robust and self-correcting nature for scientific rescarch. This process is not without instances off'ulun:‘
but indeed. we know of those failures precisely because of this self-correcting nature. The scientific
process has an overall record of success that is outstanding and it has served this nation and the world
well for many decades,

While Congressional heanngs can be useful in hlghllghnng arws ofoonccm cap!onng spcclrc issues in
more depth, or providing expl of the p based policy decisi
should build on knowledge and undcrsl.andmg du\.lopcd from the full corpus of peer-reviewed scientific
literature. In terms of climate change, AMS has noted”;

The pnman findings of climate change science have been well established in the peer-reviewed
science | and replicated by depend and methodologics. Blue-
ribbon pancls of scientists convened by 1zations such as the National Academy of Sci
have carried out formal evaluations of scientific studics and provide a consensus opinion
rr:g,ardmg climate change. Leading scientific organizations bevond the AMS (e.g.. American

for the Ad of Science, Amencan Geophysical Union, and European
Geophysical Union) have considered the state of the science and arc in consensus on the topic as
well. There are small scientific differences as rescarch continues to refine the details. but there is
strong agreement on the primary findings and essentially no controversy with respect to them.

Those findings can be summarized as”:

There is unequivocal evidence that Earth’s lower atmosphere, ocean, and land surface are
warming; sea level is rising; and snow cover, mountain glaciers, and Arctic sea ice are shninking,
The dominant cause of the warming since the 1930s is human activities. This scientific finding is

¢ ATMGHFHERIC AND RELATED RVICES FOR THE BENEFTT OF &

JETY BNCE 1919
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based on a large and | ive body of h. The observed ing will be i ible for
many years into the future, and even ]ar_gcr temperature increases will oceur as greenhouse gases

o in the

To be sure, there are uncertaintics in many aspects of the science on climate vanability and climate
change, but AMS has been clear i stating that those uncertainties do not alter the nature of the policy
challenge facing the United States and the world: people are responsible for most of the recent cllmalc
change, climate change poses serious risks to our society, and we have aptions for resp 5
that can help reduce those risks. Quoting again from the same statement’:

Technological, economic, and policy choices in the near future will determine the extent of future
impacts of climate change. Science-based decisions are seldom made in a context of absolute
certainty. National and international policy discussions should include consideration of the best
ways to both adapt to and mitigate chmate change, Mlugallon will reduce the amount of future
climate change and the risk cflmpac!s Illa.t are f ially large and d: At the same time,
some continued climate change is i and policy shnuld include adaptation to
climate change.

Science is the pursuit of knowledge and und, ding. Therefore, science alone cannot determine the
bcsl palicy apl!cm bccausc policy choices mc!udc hjective value judgr (i.¢., opinions and p

less, we ge the S ittee to n,h on the full body afp..cr\-n.\mwed
hlcmmm on climate science as the most reliable source for knowledge and understanding that can be
applied to the policy options. AMS stands ready to provide vou and the Subcommittee clanfication on its
positions with respeet to freedom of scientific inquiry, academic freedom, the peer-review process, or
climate science.

Sincerely,

Dr. Keith L. Seitter
Exceutive Director

CC: The H ble Gary Peters, Ranking Memb
See AMS “Freedom of Scientific Expression” (2012):
w2 J LI 5! 5 -

* See AMS 1c||c-s

Iaps: w2 ametsoe,

for N.l-lqucno [-suppor/oint-leter-io-house-

space-and-technology -¢
* See AMS Stalement: '(‘!mmc Science Is [‘om o Smmc Bdncalm (2013):
litips: .’.'\\vm? eSO e [-the-ams-in-
e-10-5010H ducation
* See AMS Statement: "l’_‘!mmm Clange” (2012):
Itips:ifwww 2 amelsoc org/ams/ingde f {-th

force/climue=chanpe/
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December 7, 2015

The Honorable Ted Cruz

Chairman

Senate Commerce Subcommittee on Space, Science, and Compelitiveness
512 Dirksen Senate Office Building

Washington, DC 20510

The Honorable Gary Peters

Ranking Member

Senate Commerce Subcommittee on Space, Science, and Competitiveness
427 Hart Senate Office Building

Washington, DC 20515

Dear Chairman Cruz and Ranking Member Peters,

At a time when the world's political, civic, and business leaders are gathered to
negotiate a global compact to address climate change, it is disappointing that the
Subcommittee on Space, Science, and Competitiveness is holding a hearing intended
to sew seeds of uncertainty about climate science. A more timely hearing would be one
that focuses the nation's attention on actions that will help us to mitigate and adapt to
rapid climate change.

The vast majority of scientists agree that the composition of Earth's atmosphere is
changing rapidly and that humans are causing these changes. The resulting increase in
global temperatures is having profound impacts on the planet’s natural and human
systems. These impacts are expected to intensify if climate change is not addressed.
Many living systems are not able to respond to our rapidly changing environment.
Species are being driven to extinction and the ecosystem processes we depend upon
for such things as clean air and water are being disrupted.

The scientific evidence for the climate change we are experiencing is vast and can be
found in the pages of the leading scientific and technical journals from around the world.

The scientific community encourages the Subcommittee to focus attention on the
science that can help inform climate mitigation and adaptation.

Sincerely,
— 2]
f\- ‘;f‘,_r/ e P
\ i
Robert Gropp, Ph.D.
Interim Co-Executive Director

ADVANCING RESEARCH & EDUCATION IN THE BIOLOGICAL SCIENCES
HA4 ISTREET NW | SUITE 200 | WASHINGTON, K 20005 | 202.628.1500 |
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Senator PETERS. Thank you.

We know that there will always be more to learn. We will un-
doubtedly find more down the road that there is more to discover
about what we don’t know. And that is really the beautiful thing
about science, we always have more to learn.

But knowing that there is more to learn should not, it should not
stop us from acting on what we know now. We must discuss and
determine what actions we need to take to limit the serious risks
that we face, and there are many things that we can do that are
not just good for the environment, but are good for the economy.
Investments in clean energy create good-paying jobs and help us
produce the energy we need right here in the United States.

For example, Michigan is home to more than 220 wind and solar
companies, representing tens of thousands of jobs. The growth in
Michigan’s clean energy sector can be attributed in part to the
state’s renewable electricity standard, which requires 10 percent of
the state’s energy to come from renewables.

But there is a lot of room to grow. If industry sourced its parts
from local manufacturers, renewable energy could support over
20,000 Michigan jobs in manufacturing alone by 2020. What is
more, expanding Michigan’s renewable electricity standard from 10
percent to over 30 percent by 2030 would generate more than $9
million—$9 billion, $9 billion in new capital investments, invest-
ments in research and science, including the understanding of our
Sun-Earth system, pay dividends for our country’s future economic
growth, our economic competitiveness, and our very way of life.

China certainly understands that. So if we miss this opportunity
to make these investments now, we may soon find ourselves falling
behind in the global economy. So let us focus on innovating our
way out of this problem, and let us take a big step forward as a
country.

Senator CRUZ. Thank you, Senator Peters.

Senator Nelson, the Ranking Member on the Full Committee,
has requested to give an opening statement as well.

STATEMENT OF HON. BILL NELSON,
U.S. SENATOR FROM FLORIDA

Senator NELSON. Thank you, Mr. Chairman.

Before I make a couple of comments, I want to address a par-
liamentary inquiry. There is a sign out there on the witness table—
Mr. Mair, Aaron Mair, president of the Sierra Club. Did—was Mr.
Mair extended a formal invitation by the Chairman of this com-
mittee, Senator Thune?

Senator CRUZ. He was invited by me, the Chairman of this sub-
committee, and he declined. And momentarily, I am going to de-
scribe the circumstances behind that invitation and his decision not
to attend.

Senator NELSON. OK. I would just note that the protocol and the
rules of the Committee are such that invitations for all witnesses
are extended by the Chairman of the Committee, and I would like
the record to reflect that such an invitation by Senator Thune, our
Chairman, was not extended. And therefore, there should be no
place up there at the witness table, but that should be noted for
the record.
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Now, Mr. Chairman, rather than get this started off in an adver-
sarial way, you and I have had a very good relationship. We have
worked together on the space program, and you and I have some
significant differences about this issue. And so, rather than it be
contentious, I want it to be factual.

First of all, I would like to show a couple of pictures of what is
happening in Miami Beach right now. Now I had the privilege a
couple of years ago, when I was Chairman of the Science and Space
Subcommittee, of taking our Commerce Committee to Miami
Beach. And Miami Beach is basically ground zero in the United
States for what we are seeing as a consequence of global warming,
and that is sea level rise.

We had a NASA scientist that testified at the hearing that over
the last 40 years, measurements—these are measurements, not
forecasts, not projections, they are measurements—that the seas
have risen in south Florida from 5 to 8 inches. This photograph is
a consequence at seasonal high tide of what is happening on the
streets of Miami Beach.

Now, interestingly, a couple of years earlier, the present Mayor
of Miami Beach, in running for Mayor, did an actual campaign
commercial in a kayak on Alton Road, which is on the opposite side
of the barrier island, the west side of the barrier island from this.
This is not far from the actual ocean.

This one as well, you can look down the street there and see the
sky in the background. That is about a couple of blocks down to-
ward the beach.

The campaign commercial in a kayak was at the October sea-
sonal high tide on Alton Road, which is on the opposite side of the
barrier island. And the fact is that we are having to deal with this.

Now there is another consequence of this, and that is what you
heard of saltwater intrusion. Saltwater is heavier than freshwater.
Florida sits on a honeycomb of limestone that is filled with fresh-
water. That is where we get our freshwater, from the aquifer un-
derneath.

As the saltwater rises and sea level rise, the greater pressure be-
cause of the heavier water is intruding into the interior, and we
have had a number of municipal wells that are now too salty. And
it is another consequence.

So some of us, representing our constituents, have to deal with
the realities of what we see. I might point out that when you talk
about measurements, 1992 we launched a satellite called Topex. It
had an altimeter. It takes precise measurements of the surface of
the ocean, and its successor satellites, Jason—1 and Jason—2, have
been collecting that data. And observation, not projections, the data
tells us that the average global sea level is rising at about 3.2 milli-
meters a year since 1993. That is about a tenth of an inch, or over
a decade an inch.

So I am glad that you were kind enough to let Senator Peters
invite a minority witness, and we brought in Admiral David Titley,
a lifelong public servant, a scientist, a decorated military officer
from his naval career. And he is going to discuss this much more
in detail. In addition to climate science, the admiral is an expert
in oceanography, tropical meteorology, weather risk, and how all of
this will impact our national security.
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We need to understand how climate change is affecting all of the
calculations that go into our national security by our national secu-
rity teams. And after 32 years in the U.S. Navy, he now works at
Pennsylvania State University.

So I will conclude my remarks and insert the rest of them in the
record, with the Chairman’s permission.

Senator CRUZ. Without objection.

[The prepared statement of Senator Nelson follows:]

PREPARED STATEMENT OF HON. BILL NELSON, U.S. SENATOR FROM FLORIDA

Mr. Chairman, I welcome today’s debate about science surrounding the impact of
climate change.

In my state of Florida, we have over 1,260 miles of coastline—more than any
other state in the continental U.S.

Over three quarters of the state’s residents live in coastal counties. And Florida
is quite flat. Britton Hill is the highest point at 345 feet above sea level.

In Florida, you can see and touch sea level rise. I'm going to show you some pho-
tographs taken on Miami Beach in September.

The first was taken along Indian Creek Road, and you can see the water flooding
higher than the curb as this gentleman attempts to cross the street.

In the second, you can see leaves and debris floating down a city sidewalk.

So as you can see, Floridians do care a great deal about what the sea level is
doing on any given day.

In 1992, NASA launched a satellite called TOPEX/Poseidon with an instrument
called an altimeter, which takes precise measurements of the surface of the ocean.
Since then, its successor satellites, JASON-1 and JASON-2, have been collecting
that data.

Observation—not models, not projections, not dogma, but the data—tells us that
the average global sea level is rising at about the rate of 3.2 millimeters a year
since 1993.

Today it is my distinct pleasure to welcome one of our panelists, Admiral David
Titley—a lifelong public servant, a scientist, and a decorated military officer, who
will discuss this data in more detail.

In addition to climate science, Admiral Titley is an expert in oceanography, trop-
ical meteorology, weather risk, and how those phenomena impact our national secu-
rity. After 32 years in service to the U.S. Navy, Admiral Titley now works at Penn-
sylvania State University.

I look forward to hearing from him and the other members of our panel.

Mr. Chairman, while I welcome today’s debate, I'm sorry to say that it won’t rep-
resent the kind of objective and representative dialogue that’s needed.

It’s ironic that we’ve got three scientists giving one side of the story, and only one
opportunity to present a different perspective.

As one who fiercely opposes any attempts to intimidate, censor or muzzle sci-
entists, for this panel to hold a hearing without having a broad cross-section of ex-
perts only invites questions about the true openness of the hearing and the motives
behind it.

Whatever that motive is, I think it’s worth mentioning that when the Senate
voted in March on my amendment to prohibit the use of tax dollars to censor pub-
lically-funded climate-related science a majority of Senators—51 to be exact—agreed
with me.

In fact, some of my Republican colleagues on this committee voted for my amend-
ment—so I thank Senator Ayotte and Senator Rubio for their support.

But even with a majority of the Senate’s support, the amendment failed because
of politics.

To most people, a vote against scientific censorship is common sense. But in the
Senate, that was actually a courageous vote.

In the future, I hope more members of this committee will join my fight for open
inquiry.

Senator CRUZ. Thank you, Senator Nelson.
I would now like to welcome each of our expert witnesses. Thank
you for coming to testify to this panel.
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The first witness is Dr. John Christy. Dr. John Christy is the
Distinguished Professor of Atmospheric Science at the University of
Alabama in Huntsville and is Alabama’s State climatologist.

He has been awarded NASA’s Medal for Exceptional Scientific
Achievement, was elected a fellow of the American Meteorological
Society, which also selected him for the special award for building
climate datasets from satellites, and served as lead author of the
U.N.’s Intergovernmental Panel on Climate Change. Beginning as
a teenager, Dr. Christy has studied climate for the past 50 years.

Dr. Judith Curry currently serves as a professor and is former
Chair of the School of Earth and Atmospheric Sciences at the Geor-
gia Institute of Technology, in addition to serving as President of
Climate Forecast Applications Network. Dr. Curry received a Ph.D.
in atmospheric science from the University of Chicago.

Dr. Curry has recently served on the NASA Advisory Council
Earth Science Subcommittee, the DOE Biological and Environ-
mental Research Advisory Committee, the National Academy’s Cli-
mate Research Committee and the Space Studies Board, and the
NOAA Climate Working Group. Dr. Curry is a fellow of the Amer-
ican Meteorological Society, the American Association for the Ad-
vancement of Science, and the American Geophysical Union.

Dr. William Happer currently serves as a Cyrus Fogg Bracket
Professor of Physics at my alma mater, Princeton University, and
has spent most of his professional life studying the interactions of
visible and infrared radiation with gases, one of the main physical
phenomena behind the greenhouse effect.

Throughout his career, he has published over 200 papers in peer-
reviewed scientific journals and is a member of a number of profes-
sional organizations, including the American Physical Society, and
the National Academy of Sciences. Dr. Happer also served as the
Director of Energy Research at the Department of Energy from
1990 to 1993, where he supervised all of DOE’s work on climate
change.

Mr. Mark Steyn is an international bestselling author, a top five
jazz recording artist, and a leading Canadian human rights activ-
ist. Mr. Steyn recently contributed to the number one climatology
bestseller, Climate Change: The Facts, and edited another number
one climatology bestseller, A Disgrace to the Profession: The World’s
Scientists in Their Own Words on Michael Mann, His Hockey Stick,
and Their Damage to Science, Volume 1.

In his capacity as a human rights activist, Mr. Steyn’s human
rights campaign to restore free speech to Canada led to the repeal
by parliament of the notorious Section 12 hate speech law, a battle
he recounts in his book, Lights Out: Islam, Free Speech, and the
Twilight of the West.

And then Dr. David Titley, who Senator Nelson mentioned al-
ready. Dr. Titley currently serves as Professor of Practice in the
Department of Meteorology at the Pennsylvania State University
and is the Founding Director of Penn State’s Center for Solutions
to Weather and Climate Risk.

Dr. Titley holds a Bachelor of Science in meteorology from the
Pennsylvania State University. From the Naval Postgraduate
School, he earned a Master’s of Science in meteorology and physical
oceanography and a Ph.D. in meteorology. Prior to joining Penn
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State, Dr. Titley served as a naval officer for 32 years and rose to
the rank of Rear Admiral.

His career included duties as Commander, Naval Meteorology
and Oceanography Command; oceanographer and navigator of the
Navy; and Deputy Assistant Chief of Naval Operations for Informa-
tion Dominance. He has also served as Senior Military Assistant
for the Director, Net Assessment in the Office of the Secretary of
Defense. While serving in the Pentagon, Dr. Titley initiated and led
the U.S. Navy’s task force on climate change.

After retiring from the Navy, Dr. Titley served as the Deputy
Under Secretary of Commerce for Operations, the Chief Operating
pogiggn at the National Oceanic and Atmospheric Administration,
N .

The final witness that we had hoped to have today is Mr. Aaron
Mair, the President of the Sierra Club. I would note a number of
weeks ago, Mr. Mair was witness at another hearing that I chaired
in the Oversight Subcommittee of the Judiciary Committee. This
was a hearing concerning the effect of overregulation on minority
communities and, in particular, the devastating impacts of over-
regulation in the Obama administration on the Hispanic commu-
nity and the African-American community.

There were a host of witnesses that testified to the job losses, to
the stagnating wages as a consequence of overregulation from the
Federal Government. Mr. Mair was one of the witnesses, a minor-
ity witness invited by the Democrats. Mr. Mair’s testimony con-
cerned global warming.

In the course of that hearing, I asked Mr. Mair about the sci-
entific basis for his testimony. In particular, I asked him how he
responded to the fact that the satellite data demonstrate no signifi-
cant warming whatsoever for the past 18 years.

Mr. Mair, by all appearances, did not have the foggiest idea what
the satellite data demonstrated. Indeed, he repeatedly turned to his
staff members behind him and was unable to answer even basic
questions.

At the conclusion of the questioning, my friend, the Ranking
Democrat on the Committee, Senator Chris Coons, stepped to Mr.
Mair’s defense, and he said—in fact, I will read his quote directly.

Senator Coons said, “Thank you, Mr. Chairman. I just simply
wanted to observe that we have a broadly representative and quali-
fied group of folks who were brought here to talk about overregula-
tion and its impact on minority communities. And I do not speak
for the Sierra Club, obviously, but it is my hope and expectation
that if you want to pursue that line of inquiry with them further,
they would be happy to.”

At that suggestion from Democratic Senator Coons that we hold
a subsequent hearing on global warming, we have announced this
hearing. Now I did note at the time that the entire substance of
Mr. Mair’s both written and oral testimony to the Subcommittee
concerned global warming, and yet he was unprepared to discuss
even the basic science behind what he was testifying to.

My office reached out to Mr. Mair and invited him to come testify
on this panel, and we did so in consultation with the Chairman of
the full Committee, Senator Thune. Mr. Mair turned down that in-
vitation. And so, without objection, I would like to enter into the
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record the written correspondence, the e-mail between my office
and Mr. Mair extending the invitation and the Sierra Club’s re-
sponse to that, declining to attend.

[The information referred to follows:]

From: John Coequyt [mailtojohn coequyt@siemaciub.org]
Sent: Monday, November 23, 2015 5:30 PM

To: Mclean, Sean (Cruz)

Re: Senate C C Hearing

Sean
Mice to meet you electronically. Thanks for reaching out. | am sorry that will not be possible.

John

On Nov 20,2015, at 4:57 PM, Mciean, Sean (Cruz) wrote;
John,

| wanted to introduce myself. | work for US. Senator Ted Cruz and help run his Subcommittee on
Space, Sclence and Competitiveness on the U.S. Senate Commerce Committee. We are planning on
holdinga hearing on Dy iber Bth at 3pm examining global warming. Senator Cruz would like to extend
an invitation to Aaron Mair to testify. | wanted to check with you to see how we should proceed in
exiending an invitation to Mr. Mair? fyou prefer, | am more than happy 1o give you a call to discuss the
hearing in additional detail.

Best

Sean

Hive Assistam

enator Ted Cruz (R-TX)
£5CN31E BOv

Giet Cruz updates here
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Senator CRUZ. In Mr. Mair’s honor, we have a spot at the table
for him.

I would note that it is striking the Sierra Club, a national advo-
cacy organization that devotes the lion’s share of its energy to ad-
vocating for global warming, was unwilling to come and defend the
merits of its position based on the science or the data. To any fair
or impartial observer, the Sierra Club’s refusal even to engage in
a discussion of the science should speak volumes.

And with that, Dr. Christy, we are ready to receive your testi-
mony.

Senator NELSON. Mr. Chairman, if I may, I would like to likewise
enter into the record all the letters of invitation extended to the
witnesses, and the record will note that there is no such letter of
invitation to the gentleman that you are speaking about.

Senator CrRUZ. Without objection.

[The information referred to follows:]
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Nnited States Senate

COMMITTEE ON COMMERCE, SCIENCE,
AND TRANSPORTATION

WASHINGTON, DC 20510-81256

WessE: hitp:icommarce. sonate. gov

December 2, 2015

Dr. John R. Christy

Professor and Director

Earth System Science Center, NSSTC
University of Alabama in Huntsville
320 Sparkman Drive, NSSTC 4040
Huntsville, AL 35805

Dear Dr. Christy:

The Senate C ittee on C , Sci and Transportation will hold a hearing in the
Subcommittee on Space, Science, and Competitiveness entitled, “Data or Dogma? Promoting Open
Inquiry in the Debate Over the Magnitude of Human Impact on Earth’s Climate,” on Tuesday,
December 8, 2015, at 3:00 p.m. in room 253 of the Russell Senate Office Building. At the request
of the Subcommittee Chairman, | invite you to testify.

The hearing will focus on the ongoing debate over cli i and the magnitude of human
impact on Earth's climate. We ask that your testimony draw on your experience as the distinguished
Profi of A pheric Sci and Director of the Earth System Science Center at the

University of Alabama in Huntsville and discuss satellite temperature trends, surface temperature,
and any other relevant issues you wish to bring to the Committee’s attention.

Please submit your written testimony to the Committee two business days prior to the hearing.
While your full statement will be made part of the hearing record, we ask that you limit your oral

remarks to no more than five mi highlighting or izing the most important
points. Attached to this letter are more detailed instructions for Ci i i including
lirections for submitting an el ic copy of your testimony to the Ci

If you have any questions, please contact Bailey Edwards of the Republican staff at (202) 224-1251
or Nick Cummings with the Democratic staff at (202) 224-0411. Thank you for your consideration
of this request.

Sincerely,

JOHN THUNE
Chairman
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Wnited Srtates Senate

COMMITTEE ON COMMERCE, SCIENCE,
AND TRANSPORTATION

WASHINGTON, DC 20510-6125

WessiTe: hitpoiicommerce.senste.gov
December 2, 2015

Dr. Judith Curry
School of Earth & Atmospheric Sciences
Georgia Institute of Technology
311 Ferst Drive
Atlanta, GA 30332-0340
Dear Dr. Curry:
The Senate C ittee on C , Sci and Transportation will hold a hearing in the
Subcommittee on Space, Sci and Competitiveness entitled, “Data or Dogma? Promoting Open

Inquiry in the Debate Over the Magnitude of Human Impact on Earth’s Climate,” on Tuesday,
December 8, 2015, at 3:00 p.m. in room 253 of the Russell Senate Office Building. At the request
of the Subcommittee Chairman, I invite you to testify.

The hearing will focus on the ongoing debate over climate science and the magnitude of human
impact on Earth’s climate. We ask that your testimony draw on your experience as the Chair of the
School of Earth and Atmospheric Sciences at the Georgia Institute of Technology and discuss the

1 of whether there is in climate sci p scenarios for the 21 century
climate, and any other relevant issues you wish to bring to the Committee’s attention.

Please submit your written testimony to the Commitiee two business days prior to the hearing.
While your full statement will be made part of the hearing record, we ask that you limit your oral

remarks to no more than five mi higl g or izing the most important

points. Attached to this letter are more d iled i ions for C i Tudi
directions for submitting an electronic copy of your testimony to the Committee.

If you have any questions, please contact Bailey Edwards of the Republican staff at (202) 224-1251
or Nick Ci ings with the Dy atic staff at (202) 224-0411. Thank you for your consideration
of this request.

Sincerely,

Chairman
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Lnited States Denate

COMMITTEE ON COMMERCE, SCIENCE,
AND TRANSPORTATION

WASHINGTON, DC 20510-6125

s p— WhSSTE: Hpieonimarcedenaingov

December 2, 2015

Dr. William Happer
Department of Physics
Princeton University
258 Jadwin Hall
Princeton, NJ 08544

Dear Dr. Happer:

The Senate Committee on Ci Sci and Transportation will hold a hearing in the
Subcommitiee on Space, Science, and Competitiveness entitled, “Data or Dogma? Promoting Open
Inguiry in the Debate Over the Magnitude of Human Impact on Earth’s Climate,” on Tuesday,
December 8, 2015, at 3:00 p.m. in room 253 of the Russell Senate Office Building. At the request
of the Subcommittee Chairman, 1 invite you to testify.

The hearing will focus on the ongoing debate over climate science and the magnitude of human
impact on Earth’s climate. We ask that your testimony draw on your experience as the Cyrus Fogg
Bracket Professor of Physics at Princeton University and discuss the scope of government funding
of climate science, its impact on research, as well as any other relevant issues you wish to bring to
the Committee’s attention.

Please submit your written testimony to the C ittee two busi days prior to the hearing.
While your full statement will be made part of the hearing record, we ask that you limit your oral
remarks to no more than five mi highlighting or izing the most imp
points. Attached to this letter are more detailed instructions for Committee witnesses, including
lirections for submitting an ¢l ic copy of your testi 1o the Committee.
If you have any questions, please contact Bailey Edwards of the Republican staff at (202) 224-1251
or Nick Ci ings with the Dx ic staff at (202) 224-0411. Thank you for your consideration
of this request.

Sineerely,

e

Chairman
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Wnited States Senate

COMMITTEE ON COMMERCE, SCIENCE,
AND TRANSPORTATION

WASHINGTON, DC 20810-6125

Wienmite: hitpiicommarce. sanate.gov
December 2, 2015
Mr. Mark Steyn
P.O. Box 30
Woodsville, NH 03785
Dear Mr. Steyn:
The Senate C: ittee on C Sci and Transportation will hold a hearing in the
Subcommittee on Space, Sci and Competitiveness entitled, “Data or Dogma? Promoting Open

Inquiry in the Debate Over the Magnitude of Human Impact on Earth’s Climate,” on Tuesday,
December 8, 2015, at 3:00 p.m. in room 253 of the Russell Senate Office Building. At the request
of the Subcommittee Chairman, | invite you to testify.

The hearing will focus on the ongoing debate over cli i and the magnitude of human
impact on Earth’s climate. We ask that your testimony draw on your experience as an author and
commentator on matters related to climate science to discuss the uncertainty and politicization of
climate science, and any other relevant issues you wish to bring to the Committee’s attention.

Please submit your written testimony to the Committee two business days prior to the hearing.
While your full statement will be made part of the hearing record, we ask that you limit your oral

remarks to no more than five mi highlighting or izing the most important
points. Attached to this letter are more detailed instructions for Committee witnesses, including
directions for submitting an el ic copy of your testimony to the C i
If you have any questions, please contact Bailey Edwards of the Republican staff at (202) 224-1251
or Nick Cummings with the Dy ic staff at (202) 224-0411. Thank you for your consideration
of this request.

Sincerely,

Chairman
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L —
United Srates Senate
COMMITTEE ON COMMERCE, SCIENCE,
AND TRANSPORTATION
WASHINGTON, DC 20510-6126

WieBsITE: hitpfcommerce. senate.gov

December 2, 2015

Dr. David W Titley, RADM USN (ret.)
Professor of Practice in Meteorology
Penn State Department of Meteorology
523 Walker Building

University Park, PA 16802

Dear Dr. Titley:
The Senate C i onC i -, and T ion will hold a hearing in the
Subcommittee on Space, S iti :nmlcd “Data or Dogma? Promoting Open

Inquiry in the Debate Over the Mngmludc of Human Impact on Earth's Climate,” on Tuesday,
December 8, 2015, at 3:00 p.m. in room 253 of the Russell Senate Office Building. At the request
of the Subcommittee, | invite you to testify.

The hearing will focus on the ongoing debate over climate science and the magnitude of human
impact on Earth's climate. We ask that your testimony draw on your experience in the national
security ity and as a her on climate and climate related issues, and any other relevant
issues you wish to bring to the Committee's attention.

h

Please submit your written testi to the C: ittee two days prior to the hearing.
While your full statement will be made part of the hearing record, we ask that you limit your oral

remarks to no more than five minutes, highlighting or izing the rnosl
pomis A:lachcd to this letter are more d iled i ions for C i including
for itting an el copy of your testimony to the C

If you have any questions, please contact Bailey Edwards of the Republican staff at (202) 224-1251
or Nick C ings with the Dx ic staff at (202) 224-0411. Thank you for your consideration
of this request.

Sincerely,

i JOHN THUNE

Chairman
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Senator CRUZ. And there was no formal letter issued because he
had preemptively turned down the invitation on the front end.
And with that, Dr. Christy?

STATEMENT OF JOHN R. CHRISTY, PH.D., DISTINGUISHED
PROFESSOR OF ATMOSPHERIC SCIENCE AND DIRECTOR OF
EARTH SYSTEM SCIENCE CENTER, UNIVERSITY OF
ALABAMA IN HUNTSVILLE

Dr. CHrISTY. Thank you, Chairman Cruz and Ranking Member
Peters and Ranking Member Nelson, for this opportunity to speak
about climate change.

I am John Christy, Professor of Atmospheric Science at the Uni-
versity of Alabama in Huntsville and Alabama State climatologist.
I have served in many climate science capacities, including lead au-
thorship of the United Nations IPCC.

I, along with Dr. Curry, have the distinction of being two of the
seven scientists targeted by Representative Grijalva for investiga-
tion because our views about climate change differ from those of
the administration.

My research might best be described as building datasets from
scratch for 50 years to help us understand what the climate is
doing and what it might do and why it does what it does. The two
main points of my verbal testimony are simple.

First, the basis on which the popular view that human-caused
climate change is dangerous does not pass simple validation tests.
Second, the attempt to study climate change with an objective eye
is thwarted by the Federal funding process.

Now we at UAH monitor climate change for such variables as
temperature. However, no one has a direct means to tell us why
the temperature changes. Our thermometers only tell us what has
happened. They do not tell us why it happened. There is really no
way to prove why climate does what it does.

Now so to try to understand why the changes occur, we make
claims or hypotheses using climate models whose equations at-
tempt to approximate all of the important factors that affect the
climate. If these equations are accurate, we can then see how each
factor, such as greenhouse gases or volcanoes, might affect the cli-
mate, and therefore, we could learn what the cause of these
changes might be.

Now one variable, according to climate models, that has the larg-
est response to extra greenhouse gases is the temperature of the
bulk atmosphere, and this is the layer from the surface to about
50,000 feet in altitude. As shown in my written testimony and as
you can see on the chart to my left, the models fail this very sim-
plest of validation tests. They can’t even reproduce what has al-
ready happened in the past 37 years.

One hundred and two climate model runs warm up the bulk
layer of the atmosphere by an average factor of 3 more than what
has actually occurred. Now being off by a factor of 3 does not qual-
ify as settled science in my view.

Now why are studies like this so hard to find? It goes back to
the way Federal funding occurs. Today, contrarian proposals, such
as one I might write, that want to, say, look rigorously and test cli-
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mate models against reality or to test various ideas about how nat-
ural variability causes these changes are rarely, if ever, funded.

This is due to the fact the panels which decide this type of fund-
ing are dominated by those with the establishment point of view
about dangerous climate change. Since there are many more pro-
posals than funding allows, a contrarian proposal has essentially
no chance of receiving funding because the panel decides these
things by votes.

Now in my view, Congress needs to fix this problem by directly
funding red teams which are not part of the climate modeling in-
dustry to test the basis for the claims that human-induced climate
change is dangerous. The Congress needs objective eyes on this
issue because it is such a big-ticket item for everyone involved.

Now it is no secret that the State of Alabama is in a desperate
fight with the Federal EPA. Our elected officials understand, as do
I, their state climatologist, that the regulations being established
will do nothing to alter whatever the climate is going to do. In fact,
even if the United States of America disappeared today—no people,
no cars, no factories—the impact would be negligible on whatever
the climate does.

Alabama is fighting for our industries, which are being tempted
by lower costs in Mexico and China, where their emissions would
actually rise if they move there. We are fighting for our utilities,
which sell over 30 percent of their electricity production to nearby
states who need it. And we are fighting for the many poor people
in our state who do not need another hike in their utility rates to
satisfy a regulation whose only impact will be to further drain their
meager resources.

This is a time when even so-called green countries like Germany
and Japan—that is Germany and Japan—are adding to their car-
bon emissions by building more coal-fired power plants while the
rest of the world moves toward more carbon-based energy.

To me, it is not scientifically justifiable or economically rational,
that this Nation should establish regulations whose only discern-
ible consequence is an increase in economic pain visited most di-
rectly and harshly on the poorest among us. This happens when
the scientific process that allegedly underpins regulations lacks ob-
jectivity and transparency.

Thank you.

[The prepared statement of Dr. Christy follows:]

PREPARED STATEMENT OF JOHN R. CHRISTY, DISTINGUISHED PROFESSOR OF
ATMOSPHERIC SCIENCE AND DIRECTOR OF THE EARTH SYSTEM SCIENCE CENTER,
UNIVERSITY OF ALABAMA, HUNTSVILLE; ALABAMA STATE CLIMATOLOGIST

I am John R. Christy, Distinguished Professor of Atmospheric Science, Alabama’s
State Climatologist and Director of the Earth System Science Center at The Univer-
sity of Alabama in Huntsville. I have served as a Lead Author, Contributing Author
and Reviewer of United Nations IPCC assessments, have been awarded NASA’s
Medal for Exceptional Scientific Achievement, and in 2002 was elected a Fellow of
the American Meteorological Society.

It is a privilege for me to offer my analysis of the current situation regarding our
understanding of climate change, the effect of regulations on climate, the popular
notion of extreme climate events, and the unfortunate direction research in this
area has taken. My research area might be best described as building datasets from
scratch to advance our understanding of what the climate is doing and why—an ac-
tivity I began as a teenager over 50 years ago. I have used traditional surface obser-
vations as well as measurements from balloons and satellites to document the cli-
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mate story. Many of our UAH datasets are used to test hypotheses of climate varia-
bility and change.

How well do we understand climate change?

A critical issue in our era is to determine whether emissions from human activi-
ties impact the climate and by how much. This is made especially difficult because
we know the climate system already is subject to changes without the influence of
humans. Because there is no measuring device that explicitly determines the cause
of the climate changes we can measure, such as temperature, our science must take
a different approach to seek understanding as to what causes the changes, i.e., how
much is natural and how much is human induced. The basic approach today utilizes
climate models. (The projections of these models are being utilized for carbon poli-
cies as well.)

It is important to understand that output from these models, (i.e., projections of
the future climate and the specific link that increasing CO, might have on the cli-
mate) are properly defined as scientific hypotheses or claims—model output cannot
be considered as providing proof of the links between climate variations and green-
house gases. These models are complex computer programs which attempt to de-
scribe through mathematical equations as many factors that affect the climate as
is possible and thus estimate how the climate might change in the future. The
model, it is hoped, will provide accurate responses of the climate variables, like tem-
perature, when extra greenhouse gases are included in the model. However, the
equations for nearly all of the important climate processes are not exact, rep-
resenting the best approximations modelers can devise and that computers can han-
dle at this point.

A fundamental aspect of the scientific method is that if we say we understand
a system (such as the climate system) then we should be able to predict its behavior.
If we are unable to make accurate predictions, then at least some of the factors in
the system are not well defined or perhaps even missing. [Note, however, that mere-
ly replicating the behavior of the system (i.e., reproducing “what” the climate does)
does not guarantee that the fundamental physics are well-known. In other words,
it is possible to obtain the right answer for the wrong reasons, i.e., getting the
“what” of climate right but missing the “why”.]

Do we understand how greenhouse gases affect the climate, i.e., the link between
emissions and climate effects? A very basic metric for climate studies is the tem-
perature of the bulk atmospheric layer known as the troposphere, roughly from the
surface to 50,000 ft altitude. This is the layer that, according to models, should
warm significantly as CO; increases—even faster than the surface. Unlike the sur-
face temperature, this bulk temperature informs us regarding the crux of the global
warming question—how much heat is accumulating in the global atmosphere? And,
this COz-caused warming should be easily detectible by now, according to models.
This provides a good test of how well we understand the climate system because
since 1979 we have had two independent means of monitoring this layer—satellites
from above and balloons with thermometers released from the surface.

I was able to access 102 CMIP-5 rcp4.5 (representative concentration pathways)
climate model simulations of the atmospheric temperatures for the tropospheric
layer and generate bulk temperatures from the models for an apples-to-apples com-
parison with the observations from satellites and balloons. These models were devel-
oped in institutions throughout the world and used in the IPCC AR5 Scientific As-
sessment (2013).



25

Global Mid-Tropospheric Temperature Variations

15 Models vs. Observations
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Above: Global average mid-tropospheric temperature variations (5-year averages) for 32 mod-
els (lines) representing 102 individual simulations. Circles (balloons) and squares (satellites) de-
pict the observations.

The information in this figure provides clear evidence that the models have a
strong tendency to over-warm the atmosphere relative to actual observations. On
average the models warm the global atmosphere at a rate three times that of the
real world. This is not a short-term, specially-selected episode, but represents the
past 37 years, over a third of a century. This is also the period with the highest
concentration of greenhouse gases and thus the period in which the response should
be of largest magnitude.

Using the scientific method we would conclude that the models do not accurately
represent at least some of the important processes that impact the climate because
they were unable to “predict” what has already occurred. In other words, these mod-
els failed at the simple test of telling us “what” has already happened, and thus
would not be in a position to give us a confident answer to “what” may happen in
the future and “why.” As such, they would be of highly questionable value in deter-
mining policy that should depend on a very confident understanding of how the cli-
mate system works.

There is a related climate metric that also utilizes atmospheric temperature which
in models has an even larger response than that of the global average shown above.
This metric, then, provides a stronger test for understanding how well models per-
form regarding greenhouse gases specifically. In the models, the tropical atmosphere
warms significantly in response to the added greenhouse gases—more so than that
of the global average atmospheric temperature.
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Tropical Mid-Tropospheric Temperature Variations
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Above: Tropical average mid-tropospheric temperature variations (5-year averages) for 32
models (lines) representing 102 individual simulations. Circles (balloons) and squares (satellites)
depict the observations.

In the tropical comparison here, the disparity between models and observations
is even greater, with models on average warming this atmospheric region by a factor
of four times greater than in reality. Such a result re-enforces the implication above
that the models have much improvement to undergo before we may have confidence
they will provide information about what the climate may do in the future or even
why the climate varies as it does. For the issue at hand, estimates of how the global
temperature might be affected by emission reductions from regulations would be ex-
aggerated and not reliable.

Impact of Regulations Will Not Be Attributable or Detectable

The impact on global temperature for current and proposed reductions in green-
house gases will be tiny. To demonstrate this, let us assume, for example, that the
total emissions from the United States were reduced to zero, as of last May 13th,
2015 (the date of the last congressional hearing on which I testified). In other words
as of that day and going forward, there would be no industry, no cars, no utilities,
no people—i.e., the United States would cease to exist as of that day. Regulations,
of course will only hope to reduce emissions a small amount, but to make the point
of how minuscule the regulatory impact will be, we shall simply go way beyond re-
ality and cause the United States to vanish. With this we shall attempt to answer
the question of climate change impact due to emissions reductions.

Using the U.N. IPCC impact tool known as Model for the Assessment of Green-
house-gas Induced Climate Change or MAGICC, graduate student Rob Junod and
I reduced the projected growth in total global emissions by U.S. emission contribu-
tion starting on this date and continuing on. We also used the value of the equi-
librium climate sensitivity as determined from empirical techniques of 1.8 °C. After
50 years, the impact as determined by these model calculations would be only 0.05
to 0.08 °C—an amount less than that which the global temperature fluctuates from
month to month. [These calculations used emission scenarios A1B-AIM and AIF-
MI with U.S. emissions comprising 14 percent to 17 percent of the 2015 global emis-
sions. There is evidence that the climate sensitivity is less than 1.8 °C, which would
further lower these projections.]

Because changes in the emissions of our entire country would have such a tiny
calculated impact on global climate, it is obvious that fractional reductions in emis-
sions through regulation would produce imperceptible results. In other words, there
would be no evidence in the future to demonstrate that a particular climate impact
was induced by the proposed and enacted regulations. Thus, the regulations will
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have no meaningful or useful consequence on the physical climate system—even if

one believes climate models are useful tools for prediction.

Alleged impacts of human-induced climate changes regarding extreme
events

Much of the alarm related to increasing greenhouse gas concentrations shifted in
the past decade from global temperature changes to changes in extreme events, i.e.,
those events which typically have a negative impact on the economy. These events
may be heat waves, floods, hurricanes, etc.

In terms of heat waves, below is the number of 100 °F days observed in the U.S.
from a controlled set of weather stations. It is not only clear that hot days have not
increased, but it is interesting that in the most recent years there has been a rel-
ative dearth of them.

Average Number of Daily High Temperatures at 982 USHCN
Stations exceeding 100°F per year 1895-2014
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Above: Average number of days per-station in each year reaching or exceeding 100°F in 982
stations of the USHCN database (NOAA/NCEI, prepared by JRChristy).

Forest and wild fires are documented for the US. The evidence below indicates
there has not been any change in frequency of wildfires. Acreage (not shown) shows
little change as well.
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Above: Number of U.S. wildfires. As the management of these events changes, and thus the
number also changes, but the number of events since 1985 has remained constant. (National
Interagency Fire Center https:/www.nifc.gov/fireInfo/nfn.htm)
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Above: Number of U.S. forest fires per year since 1965.
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The two figures above demonstrate that fire events have not increased in fre-
quency in the United States during the past several decades.

The claims that droughts and floods are increasing may be examined by the obser-
vational record as well.
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Above: Global areal extent of five levels of drought for 1982-2012 where dryness is indicated
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moisture availability. (Hao et al., 2014)
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Above: Areal fraction of conterminous U.S. under very wet (blue) or very dry (red) conditions.
NOAA/NCEIL

The two figures above demonstrate that moisture conditions have not shown a
tendency to have decreased (more drought) or increased (more large-scale wetness).
Such information is rarely consulted when it is more convenient simply to make un-
substantiated claims that moisture extremes, i.e., droughts and floods (which have
always occurred), are somehow becoming even more extreme. Over shorter periods
and in certain locations, there is evidence that the heaviest precipitation events are
tending to be greater. This is not a universal phenomenon and it has not been estab-
lished that such changes may be due to changes in greenhouse gas concentrations
as demonstrated earlier because the model projections are unable to reproduce the
simplest of metrics.
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Figure 1. World Grain Production, 1961-2012
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Above: World grain production 1961-2012. U.N. Food and Agriculture Organization.

It is a simple matter to find documentation of the ever-rising production of grains.
One wonders about the Federal Council on Environmental Quality’s allegation that
there has been “harm to agriculture” from human-induced climate change because
when viewing the total growth in production, which appears to be accelerating, one
would assume no “harm” has been done during a period of rising greenhouse gases.

With the evidence in these examples above, it is obviously difficult to establish
the claims about worsening conditions due to human-caused climate change, or more
generally that any change could be directly linked to increasing CO». This point also
relates to the issue of climate model capability noted earlier. It is clear that climate
models fall short on some very basic issues of climate variability, being unable to
reproduce “what” has happened regarding global temperature, and therefore not
knowing “why” any of it happened. It is therefore premature to claim that one
knows the causes for changes in various exotic measures of weather, such as rainfall
intensity over short periods, which are not even explicitly generated in climate
model output.

The Disappointing Scientific Process

I have written much for previous congressional hearings and other venues about
the failure of the scientific community to objectively approach the study of climate
and climate change. (See Appendix) Climate science is a murky science with large
uncertainties on many critical components such as cloud distributions and surface
heat exchanges. As mentioned above, there is no objective instrumentation that can
tell us “why” changes occur. That being the case, we are left with hypotheses
(claims) to put forward and then to test. The information given above, in my view,
is clear evidence that the current theoretical understanding of “why” the climate
changes, as embodied in models (and on which current policy is based), fails such
tests. Indeed, the theoretical (model) view as expressed in the IPCC AR5 in every
case overestimated the bulk tropical atmospheric temperature response of extra
greenhouse gases (see above and IPCC Supplementary Material Figure 10.SM.1) in-
dicating the theoretical understanding of the climate response is too sensitive to
greenhouse gases.

One problem with our science relates to the funding process for climate studies,
the vast majority of which is provided through Federal agencies. Funding decisions
are decided by people, and people have biases. Our science has also seen the move
toward “consensus” science where “agreement” between people and groups is ele-
vated above determined, objective investigation. The sad progression of events here
has even led to congressional investigations designed to silence (with some success)
those whose voices, including my own, have challenged the politically-correct views
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on climate (i.e., congressional investigation by Rep. Grijalva, 22 Feb 2015, http://
www.scribd.com |/ doc /256811029 | Letter-to-UAH-re-John-Christy.)

Today, funding decisions are made by review panels. In this process, many pro-
posals for funding are submitted to the agencies, but the agencies only have a frac-
tion of the funds available to support the proposals, so only a few proposals can be
funded and these are selected by panels. In the area of climate, it is clear the agen-
cies are convinced of the consensus view of dangerous climate change as indicated
by their various statements and press releases on the issue. Therefore, when a
contrarian proposal is submitted that seeks to discover other possible explanations
besides greenhouse gases for the small changes we now see, or one that seeks to
rigorously and objectively investigate climate model output, there is virtually no
chance for funding. This occurs because the panel determines by majority vote
whom to fund, and with tight competition, any bias by just a couple of panel mem-
bers against a contrarian proposal is sufficient for rejection. Of course, the agencies
will claim all is done in complete objectivity, but that would be precisely the ex-
pected response of someone already within the “consensus” and whose agency has
stated its position on climate change. This brings me to “consensus science.”

The term “consensus science” will often be appealed to regarding arguments about
climate change to bolster an assertion. This is a form of “argument from authority.”
Consensus, however, is a political notion, not a scientific notion. As I testified to the
Inter-Academy Council in June 2010, wrote in Nature that same year (Christy
2010), and documented in my written testimony for several congressional hearings
(e.g., House Space, Science and Technology, 31 Mar 2011) the IPCC and other simi-
lar Assessments do not represent for me a consensus of much more than the con-
sensus of those selected to agree with a particular consensus.

The content of these climate reports is actually under the control of a relatively
small number of individuals—I often refer to them as the “climate establishment”—
who through the years, in my opinion, came to act as gatekeepers of scientific opin-
ion and information, rather than brokers. The voices of those of us who object to
various statements and emphases in these assessments are by-in-large dismissed
rather than accommodated. This establishment includes the same individuals who
become the “experts” called on to promote IPCC claims in government reports such
as the endangerment finding by the Environmental Protection Agency.

As outlined in my previous testimonies, these “experts” become the authors and
evaluators of their own research relative to research which challenges their work.
This becomes an obvious conflict of interest. But with the luxury of having the “last
word” as “expert” authors of the reports, alternative views vanish. This is not a
process that provides the best information to the peoples’ representatives. The U.S.
Congress must have the full range of views on issues such as climate change which
are (a) characterized by considerable ambiguity (see model results) (b) used to pro-
mote regulatory actions which will be economically detrimental to the American peo-
ple and, most ironically, (¢) will have no impact on whatever the climate will do.

T've often stated that climate science is a “murky” science. We do not have labora-
tory methods of testing our hypotheses as many other sciences do. As a result what
passes for science includes, opinion, arguments-from-authority, dramatic press re-
leases, and fuzzy notions of consensus generated by preselected groups. This is not
science.

We know from Climategate e-mails and many other sources that the IPCC has
had problems with those who take different positions on climate change than what
the IPCC promotes. There is another way to deal with this however. Since the IPCC
activity and climate research in general is funded by U.S. taxpayers, then I propose
that five to ten percent of the funds be allocated to a group of well-credentialed sci-
entists to produce an assessment that expresses legitimate, alternative hypotheses
that have been (in their view) marginalized, misrepresented or ignored in previous
IPCC reports (and thus the EPA Endangerment Finding and National Climate As-
sessments).

Such activities are often called “Red Team” reports and are widely used in govern-
ment and industry. Decisions regarding funding for “Red Teams” should not be
placed in the hands of the current “establishment” but in panels populated by
credentialed scientists who have experience in examining these issues. Some efforts
along this line have arisen from the private sector (i.e., The Non-governmental Inter-
national Panel on Climate Change at hittp:/ [nipccreport.org/ and Michaels (2012)
ADDENDUM:Global Climate Change Impacts in the United States). I believe policy-
makers, with the public’s purse, should actively support the assembling all of the
information that is vital to addressing this murky and wicked science, since the
public will ultimately pay the cost of any legislation alleged to deal with climate.

Topics to be addressed in this “Red Team” assessment, for example, would include
(a) evidence for a low climate sensitivity to increasing greenhouse gases, (b) the role
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and importance of natural, unforced variability, (c) a rigorous and independent eval-
uation of climate model output, (d) a thorough discussion of uncertainty, (e) a focus
on metrics that most directly relate to the rate of accumulation of heat in the cli-
mate system, (f) analysis of the many consequences, including benefits, that result
from CO; increases, and (g) the importance that affordable and accessible energy
has to human health and welfare.

What this proposal seeks is to provide to the Congress and other policymakers a
parallel, scientifically-based assessment regarding the state of climate science which
addresses issues which here-to-for have been un-or under-represented by previous
tax-payer funded, government-directed climate reports. In other words, our policy-
makers need to see the entire range of findings regarding climate change.

Summary

The messages of the four points outlined above are: (1) the theoretical under-
standing of the way greenhouse gases affect climate, as embodied on climate models,
fails simple evaluation tests, (2) even if one accepts climate model output, the im-
pact of reducing emissions by any of the regulations now enforce or proposed will
be negligible, (3) the claims about increases in frequency and intensity of extreme
events are generally not supported by actual observations and, (4) official informa-
tion about climate science is largely controlled by agencies through (a) funding
choices for research and (b) by the carefully-selected (i.e., biased) authorship of re-
ports such as the EPA Endangerment Finding and the National Climate Assess-
ment.

IAC 15 June 2010 Montreal

JOHN R. CHRISTY, DISTINGUISHED PROFESSOR OF ATMOSPHERIC SCIENCE DIRECTOR,
EARTH SYSTEM SCIENCE CENTER, ALABAMA STATE CLIMATOLOGIST, UNIVERSITY OF
ALABAMA IN HUNTSVILLE

IPCC LEAD AUTHOR: 2001 TAR, CONTRIBUTOR: 1992 SUPPLEMENT
CONTRIBUTOR: 1994 RADIATIVE FORCING OF CLIMATE CHANGE
KEY CONTRIBUTOR: 1995 SAR
CONTRIBUTING AUTHOR: 2007 AR4, WG I AND II

NASA MEDAL FOR EXCEPTIONAL SCIENTIFIC ACHIEVEMENT, AMERICAN
METEOROLOGICAL SOCIETY SPECIAL AWARD FOR SATELLITE OBSERVATIONS

FELLOW, AMERICAN METEOROLOGICAL SOCIETY

Mr. Chairman and members of the IAC panel, thank you for inviting me to offer
my views on the IPCC process. Five years ago the New York Times quoted me say-
ing that an IPCC-like process, “. . . is the worst way to generate scientific informa-
tion, except for all the others.” (23 Aug 2005) I now think I was a bit too generous.

A fundamental problem with the entire issue here is that climate science is not
a classic, experimental science. As an emerging science of a complex, chaotic climate
system, it is plagued by uncertainty and ambiguity in both observations and theory.
Lacking classic, laboratory results, it easily becomes hostage to opinion, groupthink,
arguments-from-authority, overstatement of confidence, and even Hollywood movies.
When climate scientists are placed in the limelight because this issue can generate
compelling disaster scenarios, we simply don’t want to say, “We just don’t know.”

I have been a contributor to the IPCC Assessments since 1992 and a Lead Author
in the Third Assessment of 2001. Though I had some good things to say about the
IPCC, I did respond in 2001 to the U.S. National Academy of Sciences when they
solicited information about certain problems (see Appendix A).

At the time, I was more concerned about the product rather than the process. The
first objection I raised regarding the Third Assessment was that the fabled Hockey
Stick was oversold as an indicator of past climate change. This was well before the
critical work of the Wegman Report, National Academy of Sciences, McIntyre’s pa-
pers and the East Anglia e-mails. Indeed, I urge you in the strongest terms to engage
Stephen McIntyre in your deliberations at a high level as he has accurately docu-
mented specific failures in the IPCC process, some of which I can attest to, as I was
there.
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My second objection to the TAR was its overstatement of confidence in model pro-
jections.

My role in the Fourth Assessment of 2007 was limited to that of a Contributing
Author. This means I submitted recommendations that were dealt with by the Lead
Authors who tended to disagree with my published findings. Thus, their views car-
ried the day in the report. In this process, the final result really boils down the opin-
ions of those selected as Lead Authors, a point I will address below.

In March of last year, 8 months before the e-mail fiasco, about 140 former IPCC
Lead Authors gathered in Hawaii for a preview of what the Fifth Assessment might
tackle. I was the only one there well-known to be essentially outside the IPCC “con-
sensus.” I had come to the conclusion that the IPCC establishment demonstrated
a disturbing homogeneity-of-thought regarding the hypothesized but unproven role
that greenhouse gases might impose on the climate system. My short talk (Appendix
B) and poster (Appendix C) at that meeting last year dealt with three science issues
and offered a recommendation. The three issues were (1) the surface temperature
record is flawed in many ways, but is flawed in particular as a metric to detect
greenhouse-imposed warming, (2) direct tests of the so-called fingerprint of climate
model temperature changes versus observations indicated significant differences,
failing simple hypothesis tests, and (3) the critical value of climate sensitivity to
greenhouse gases was overstated because it had not been properly calculated. All
of these were supported by peer-reviewed publications which even now continue to
appear.

In my view, the IPCC process had drifted away from allowing authors to serve
as Brokers of climate science, in which various views are given attention, to becom-
ing Gatekeepers of climate science in which one view is elevated and promoted. The
IPCC Assessment had become a “consensus of those who agreed with the con-
sensus.” Since “consensus” is a political notion, not a scientific notion, a goal of “con-
sensus” in any forum is at its heart a political goal.

My recommendation last year was to include a chapter written by credentialed
climate scientists who would provide evidence concerning these heretofore mini-
mized issues, in particular the low sensitivity of the climate system. My assumption
at that time was that the IPCC writing process would be the same, i.e., that the
Lead Authors of this chapter, as the others, would be given the sacred right of being
their own final reviewers to let a new voice be heard. No one at the meeting thought
this was a useful suggestion, I believe, because it would allow the expression of rea-
sonable alternatives to claims too entrenched in the message of looming climate dis-
asters promoted with IPCC indulgence.

Since last March, much has happened to expose some of the scientists who domi-
nated the IPCC, whom I call the establishment, as less than transparent, subject
to bias, and who suppress alternative views while using the IPCC’s perception as
a near-sacred document to promote their own opinions. This establishment domi-
nates not only the IPCC but also the review process of the peer-reviewed literature,
making it extremely difficult for alternative evidence to even be published now. This
happens when your type of science is rather murky to begin with.

In my view, the three fundamental flaws in the current IPCC process are (1) the
two-step political filter by which Lead Authors are selected, (2) the review-authority
granted the Lead Authors who write the chapters and synthesis reports, and, (3)
the very limited word-count available for each topic, which encourages short and
overconfident statements about questions that in truth are plainly nasty to deal
with.

In February of this year, Nature magazine asked me for a brief discussion about
the IPCC and a way forward (Appendix D, last page). My main concern there was
to define a process that would let the world know that our ignorance of much of
the climate system is simply enormous and we have much to do. Mother Nature has
a tremendous number of degrees of freedom up her sleeves, many of which we don’t
even know about or account for.

So, I suggested a living, carefully-managed, wikipedia-style process. Important
questions, most of which are already laid out in the IPCC manifest, would be ad-
dressed by teams of Lead Authors who would be far less constrained by the word-
count rules, and so would allow fuller expression of uncertainty and disagreement—
expressions contributed by the specific people who perform whatever research is
being discussed. The Lead Authors main task would be to organize and summarize
the information on each question, acting strictly as Brokers, not Gatekeepers. With
web-based links to actual text (and data) the Lead Authors would be far less tempt-
ed to be biased. Lead Authors need to know they do not have to agree with the find-
ings they report. I believe such transparency would spur the Lead Authors to be
fairer and more humble in their summary comments.
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Peer-reviewed research of course would dominate the source material, but other
documents—whose source is clearly identified—could contribute to the discussion. I
know there would be significant issues of managing such a process, but I believe
it would be far better than producing big books every six years that are limited, bi-
ased and out-of-date when they are printed. We are in the 21st Century, and, to
the despair of those who find comfort in absolute answers, there are only continu-
ously evolving levels of understanding (and ignorance) to most of the climate ques-
tions being asked. This situation begs for a dynamic assessment process.

The selection of Lead Authors through a two-step political process is a problem
too. Presently, national governments nominate to the IPCC those who over the
years, they can generally count on to be consistent with national policy. From this
pool, the IPCC itself selects those it wants to be Lead Authors. To combat the polit-
ical influence of governments and the U.N., to a small extent, I would recommend
that Lead Authors be nominated by appropriate learned societies, such as yours,
and selected for overlapping, rotating terms. I'm not completely comfortable with
this as I'm aware that councils of science are deeply involved in political maneu-
vering which is why I state that to a “small extent” the political influence of govern-
ments and the U.N. might be mitigated.

Some Lead Authors could and should be scholars from other disciplines but who
have a keen awareness of the hard rules of hypothesis testing, admissible evidence,
and the power of language. . .physicists, chemists, engineers and yes, even lawyers.
As I told a colleague the other day, it is clear to me now that climate science needs
some adult supervision.

I realize such a recommendation creates consternation among those who have con-
trolled the process up to now and who believe deeply that the “science is settled”
because they find comfort in easy and unimaginative answers to difficult questions.
For example, why doesn’t the IPCC report on (and funding agencies invest in) major
research about the internal dynamical properties of the climate system? At present
these properties are incapably represented in climate models to date, and yet have
been shown to be a major source of the variability we’ve seen. Why must we be so
unimaginative that we just give up and claim that nothing else but enhanced green-
house forcing explains most of the temperature rise in the past 50 years?

Others will complain that such an open process I describe will not generate the
definitive statements necessary to drive policy. To those I say, “Welcome to climate
science.” If a specific policy is desired, climate science is a weak leg on which to
stand which means a policy should have multiple, defensible reasons for adoption.

You will hear from those within the IPCC establishment that the IPCC does a
terrific job of getting down to the truth about climate science and that the consensus
reports are the best documents for policymakers. But as one mostly outside the
“consensus”, I can not agree, and I am far, far from being alone in that disagree-
ment. I say this as a working-stiff climate scientist who builds datasets from scratch
to create understanding and test assertions about the climate system. The process
followed in the Fourth Assessment, in my view, simply did not provide to the world
the true ambiguities, uncertainties and contentions of our fledgling science.

In summary, to me, the impediments to providing a more honest expression of our
science to the world in the current IPCC process are (1) Lead Authors essentially
having final review authority, (2) the Lead Author selection process which encour-
ages government-approved, homogeneity-of-thought, and (3) the limited size, the
dead-line character, and the past-expiration-date of printed documents. Thank you.
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IPCC: cherish it, tweak it or scrap it?

As calls for reform intensify following recent furores about e-mails, conflicts of interest, glaciers and
extreme weather, five climatologists propose ways forward for the Intergovernmental Panel on Climate
Change. Their suggestions range from reaffirming the panel’'s governing principles to increasing the number
and speed of its publications to replacing the volunteer organization with a permanently staffed structure.

Splitinto
three panels

Mike Hulme

Coordinating lead author, lead author,
review editor (AR3), University of
East Anglia, Norwich, UK

Mach has changed since the late 1980s when
the Intergovernmental Panel on Climate
Change (IPCC) was -lcslglwd noti ibly the
nature of scient g
-.Inp mlh L

ww the worlds knowledge
are mobilized to enligh

|><ﬂp.\ deliberations .lls.u needs 1o be different.
The assessments published by the IPCC have
ly elevated anthropegenic climate change
e one of the major international pelitical
issues of our time, But they have made this
impact by drawing in an ever-widening sub-
set of the social, technological, environmemtal
and ethical dimensions of dimate change —
widd the physical sciences,

no longer fit for purpose. Itis

ship — Ihal of the world's governments, but
operating under the delegated management of
the United Nations Environment !’rugummu.

P the World M gical

AnlPCC

than comprehernsive reports every
pandd would commission, on a mlimg basi
larger number of slm]!cl s]mrpl} Imlm:d syn
theses of knowh fast

R ,in2014,

each region, the ownership and governance
patterns of these REPs would vary regionally,
but should ideally involve a consortium of
national g civil-sociely organiza-

have great scientific or policy sdlu:mc [‘uh aps
tworer three would be in production at any one
time and each w m||~l hc no moge than 50 pages
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Organization (WMO] — to deliver b
tive “integrated’ assessment of all redevant

mwQ;.nL-rmm:mzl pro<ess as now, or develved

tions and businesses.

The third group would be the Policy Analy-
sis Pancl {PAF) — a standing pane] of expertise,
global in reach, with interdisciplinary skills and
a diverse analytical capacity. Perhaps 50- 100
strong, this panel would undertake focused and

climate-change knowledge. As cpre- r.l;ﬂd {(-—IZ ll:nnlhﬁ] anx]}u;u[-.p\\lf\ pro-
| remarked three years ago in W s of have glo-
these pages,~The [PCC needs |\ new class of short, 2 Mﬂwrmm Miese could be sabjects such as
a complete overhaul, The  rapidly prepared, “The second group would be 1 el trolling black
structire aned process ase past peer-reviewed made up of Regional Evalu-  carbon, economic implica uummr...nhmlmr
their sell-by dates” - " ation Panels (REPs). The

My suggestion for radua] reportsisneeded cultural, social, icand

reform s to dissolve the IPCC
after the Filth Assessment Report (ARS) in
2014, The work would be split into three types of
assessment and evabuation, each rather different
o the three existing IPCC working groups.
The first would be a Global Science Panel
{GSP). An 1PCC-like assessment process should
continue to operate for the physical sciences that
observe and predict the Earth system. Rather

730

devlopment dimensions of cli-
miate change are essentially regional in nature.
Each region — five to ten continental or sub-
continental regions in all — should cenduct
its own evaluation of relevant knowledge.
‘This should use the work of the €
draw in a much more diverse
tise, knowledge and scholarship. As well as
being structured according to the concerns of
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it emi The palicy
aptions to be analysed can be bmnghlﬁ-manl
by UN basdies, non-governmental organizations
{NGOs), businesses and groupings of national
governments. The PAP could be governed by
acouncll of women and men of international
cance 1o rep-
resent the breadih of civil society around the
uch high quality and transparemt palicy
evaluation would broaden the options available

SIRANRAIETEY



NATURE|Val 463(11 February 2010

36

OPINION

for land i

This restructuring would allow clearer
distinctions to be made in areas that have

1 troubl for the IPCC:

of published knowledge versus policy analy-
sis and evaluation; the globalized physical
sciences versus more geegraphically and
culiurally nuanced knowledge; a one-size,
top-down mode of ownership and govern-
ance versus more incusive, lcpmscmaljw:

ments of climate impacts; and coerdinate the
suite of future-climate simulations by research
institutes,

An ICA could be bailt, for instance, on the
TAEA template, encompassing many more
countries than the IAEA but with a smaller
stafl. ICA reports should be independently
reviewed in a transparent process, deaw only
on established, peer-reviewed literature, and
highlight lcscar:h Baps. E:(lcmal reviews

Apply best
practice rules

Thomas F. Stocker

Co-chair IPCC Working Group |

{ARS), coordinating lead author
(AR3, AR4), University of Barn,

and regl varying forms wnuld‘ b &

Tt would better serve the uu:rld and iLs peo- e pag vinchud prossibl ,I, 3 Switzerland

ples, in g and resp gl viewsin T tway. The hzsls of the IPCC is the voluntary
mlhrqwgmcclwamd:m The. of fssuchanICA of th ds of dedicated

Independent
agency needed

coudd start now, almgsidulw]mwnunn ofthe
next 1PCC assessment report, and culminate
after it detion. Those climate chers

schentists from all over the word, The Pririciples
Geverning IPOC Work (IPCC, 1998) provide a
lear fi k for an apen, transparent and

inthe IPCC Burcauwho have widdly reognized

robust process. nnsiwllnm upcudewuunsa

credibility could initiate
supporied by lead authors and review edi-
1ors more numerous and with a bigger say
than presently. These review editors shoald
be elected not by governments but direcily by
selentific unlons, for instance the Ameriuan

unigue model of p informa-
tion, mainly from the peer-reviewed scientific
Titeratuire, for decision-making on a challenging
problem. 1t has worked extremely successfully
for the past 21 years.

Recent controversies have demonstrated both

Eduardo Zorita

Contributing author(ARdJ GKSS
Research Centerin G ht
Germany

Like the financial sector last year, the IPCCis
currently experiencing a fallure of trust that
reveals Maws in its structure, This presents
the climate-change community with the
opp te address these faulis. The
IPCE currently performs as a diffuse com-
munity of government-nominated academic
volunteers occupying a burred space between
science and politics, issuing self-reviewed
reports under greal stresses and unmanage-
able deadlines. Its undefined structure puts it
al the mercy of pressaire from advocates,
The IPCC should be made stronger and
independent. We do not need 1o reinvent the
wheel; there are excellent examples of agencies
Lhat society has set up when credibility is of
The B Central
Bank, the International Atomic Energy Agency
(IAEA), the International Energy Agency and
the US Congressional Budget Office all inde-
pendently navigate their way through strong
political pressures, delivering valuable assess-
ments, advice, reports and forecasts, tapping
academic rescarch when necessary. These
agencics arc accountable and respected.
Aninternational cimate agency (1CA) along
such lines would have a stalf of around 200 full-
time scientists who would be independent of
government, industry and academia. Such an
agency shnn!d he resourced and mpum-mi
todo th issue
state-of-the-climate repoﬂs. bea mposltory

1 aualit 1l

quality o obser
data; advise governments on regional assess-

Geophysical Union, the Europ
Unman:islmlls!s&socunoml‘mﬂsn
As with finance, climate assessment is oo

important to be left in the hands of advocates.

HOW THE IPCC WORKS
Producing an assetament repor
take roughly 1 yrars
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“The team structure of the chapter authors, the
mnutiple reviews by peersand governments, and
the full and public documentation of this proc-
[ Isrpdy eliminate personal views o biases
in the sciens Tt
only as strong as their enforcement at all bevels
of the assessment process. When | served asa
woordinating lead anthor of Working Group |
in the Third and Fourth Assessment Reports
{AR3 and AR4), [ was dmply |mpmscd hy
the steict adh ples by the
co-chairs who ensured that lhwe standards
were applied at all levels. The combination
of the best scientists and clear procedures
constitute the anthority of the IPCC

Calls for reform of the IPCC have been
mide before, Changes were discussed afler
the completion of the Fourth Assessment
Report in 2007. One possibility mooted was
lhe-produn.lmmﬂ’mm frequent assessments,

scope. Fast-b
in support of the United Nations Framework
Conventbon on Climate Change process were
l il 'Eiuwrwr i i el condluded

that the producti reports
roughly every six years is pmﬁ'n.blc bccallsc
it ensures the robustness required for a ther-
ough and rigosous assessment. Faster turnover
would jeopardize the multi-stage review and
thus compromise authority and compre-
hensiveness. In asking scientists 1o produce
reports and assessments every year, say, we
could lose their support rather quickly.

The IPCC has served as an honest broker in
e past and will do so, hopefully, in the future.
Monw that the problem of dimate change ison the

™
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radar screen of the world, there are many NGOs
and other groups, even groups of scientists
and institutions, that provide climate-change
:nl’wn:almu in various forms and quality,
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material {no peer review required), h-ChI"

h of thought lcga.rdmg humans
and climate,
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editor oversight before publica-
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prescriptive,
erning IPOC Work, :sol'[nmmwm :mpor!slm:
Our task is 10 inform the policy-makers and the
public strictly in a “what i’ mode. Any other
a|ypmad| mnizst be left 1o NGOSs, negotiators or

ua‘spccmllsl task forces, task groups and held
more expert meetings o provide additional
scientific review and oversight for the broad-
ening array of models {including model
and validati 3 methodol

i\ulunr became d‘ll!!l‘c.hlch for these nl'l"Llal
reports, followed then by governments irying
te-emact policies that drastically reduced emis-
shoms o ‘stop global warming' while increasing
energy costs,
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Teport published authors B
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Produce more
reports faster

Jeff Price
Lead authcr (ARZ, AR4), director,
F

Finally, the current period between assess-
ments is too long. One option would be for
the IPCE, or another body, 10 produce an
annual review, assessment and synihesis of
the literature for policy-makers (for example,
three annual review volumes with a synthesis
chapiter in cach volume) prepared by experts
in the field. Although the editors of the vol-
urmes should ideally be drawn from past IPCC
aulhm’s and editors, the review articles could

climate-change adapt
United States

2C ks accepting nominations (until
March 2010} from governments and
participating organizations for authors Em' its
Fifth A Report. One rec
he IPCC that could be .m,lemenu:l.
how its Tead
authors and review editors are selected.
Currently, authors are selected to represent
“arange of views, expertise, gender and geo-
graphical representation” However, given the
importance placed on these assessments, the
mosl senior positions should be filled hy the

y any author, as they would for
a journal, with appropriate peer review and
assessment for publication.

Open debate:
Wikipedia-style
John R. Christy

Lead author (AR3), University of
Alabama in Huntsville, USA

tin their field,
ofbalance. These authors should be the most
knowlcdgmb.lc nominee shout the range of

hg'm 1, st ably
wwk with a team of international scholars.

Since 1992 [ have d 1PCC contril
and in 2001, as a lead auther, My experience
T left me of the firm conviction that the IPCC
should be removed from UN oversight.

The [P(I(Isclecls]uad fulhlnm_rmm the pool

e bly, they should have p ly been
invelved in an IPCC assessment and be famil-
lar with IPCC standards and methodologies.

Geographic and gender balance should then
iz

nmenis.

chamber. My recommendation assumed a
business-as-usual [PCC process.

Hewever, voluminous printed reports, issued
every six years by government-nominated
authors, cannot accommedate the rapid and

bt it daidt Focdangiind i

todday. An idea we pitched a few years ago tha
is pow worth reviving was to establish aliving,
“Wikipedia- IPCC! Growps of four 1o eight lead
authors, chosen by learned societies, wonld
serve in rolaling, overlapping three-year terms
1o manage sections organized by science and
policy questions (similar to the Fourth Assess-
ment Report), The authors would strike a
balarsce b the Eeefateall i

and the need for summary statements.

Controversies would be refereed by the lead
atithors, but with input from all sides in the
text, with links 10 original documents and data.
The result would be more useful llm! occa-
shonal big book fwould be a
rrprucmillnn of what our fledgling science
can offer. Defining and following rules for this
idea would be agenizing. but would provide
Erealer Openness.

The truth, and this s frustrating for policy-
mikers, is that scientists ignorance of the
climate system is enormons. There is still
much messy, contentions, snail-paced and
now, hopefully, transparent work to do,. ®

age 747,

Over time, many g
authars who were aligned with stated poln.}'
Indeed, the selections for the IPCC Fourth
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Senator CRUZ. Thank you, Dr. Christy.

At this point in the hearing is when Mr. Aaron Mair, the Presi-
dent of the Sierra Club, would be afforded his opportunity to
present the Sierra Club’s views on global warming. Unfortunately,
as we discussed a minute ago, even though he was invited to
present the Sierra Club’s views, he chose not to attend, and pre-
sumably, one reason for that is the last time he presented testi-
mony on this topic, he was unable to answer even the most basic
questions on the scientific basis for the political theory he was ad-
vancing, that we should massively increase the Federal Govern-
ment regulation of the economy and dramatically drive up the cost
of living, the electricity bills of millions of hard-working Americans.

And so we will not be hearing from Mr. Mair now. Instead, we
will hear from Dr. Curry.

STATEMENT OF JUDITH A. CURRY, Pu.D., CHAIR OF THE
SCHOOL OF EARTH AND ATMOSPHERIC SCIENCES, GEORGIA
INSTITUTE OF TECHNOLOGY

Dr. CURRY. I thank the Chairman and the Ranking Members for
the opportunity to offer testimony today.

Prior to 2009, I felt that supporting the IPCC consensus on cli-
mate change was a responsible thing to do. I bought into the argu-
ment don’t trust what one scientist says, trust what an inter-
national team of 1,000 scientists have said after years of careful de-
liberation.

That all changed for me in November 2009, following the leaked
“Climategate” e-mails that illustrated the sausage making and
even bullying that went into building the consensus. I started
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speaking out, saying that scientists needed to do better at making
the data and supporting information publicly available, being more
transparent about how they reach conclusions, doing a better job
of assessing uncertainties, and actively engaging with scientists
having minority perspectives.

The response of my colleagues to this is summed up by the title
of a 2010 article in the Scientific American, “Climate Heretic: Ju-
dith Curry Turns on Her Colleagues.” I came to the growing real-
ization that I had fallen into the trap of group think. I had accept-
ed the consensus based on second-order evidence, the assertion that
a consensus existed.

I began making an independent assessment of topics in climate
science that had the most relevance to policy. And what have I con-
cluded from this assessment? Human-caused climate change is a
theory in which the basic mechanism is well understood, but whose
magnitude is highly uncertain.

No one questions that surface temperatures have increased over-
all since 1880 or that humans are adding carbon dioxide to the at-
mosphere, or that carbon dioxide and other greenhouse gases have
a warming effect on the planet. However, there is considerable un-
certainty and disagreement about the most consequential issues—
whether the warming has been dominated by human causes versus
natural variability, how much the planet will warm in the 21st cen-
tury, and whether warming is dangerous.

The central issue in the scientific debate on climate change is the
extent to which the recent and future warming is caused by hu-
mans versus natural climate variability. Research effort and fund-
ing has focused on understanding human causes of climate change.
However, we have been misled in our quest to understand climate
change by not paying sufficient attention to natural causes of cli-
mate variability, in particular from the Sun and from the long-term
oscillations in ocean circulations.

Why do scientists disagree about climate change? The historical
data is sparse and inadequate. There is disagreement about the
value of different classes of evidence, notably the value of global cli-
mate models. There is disagreement about the appropriate logical
framework for linking and assessing the evidence, and scientists
disagree over assessments of areas of ambiguity and ignorance.

How then and why have climate scientists come to a consensus
about a very complex scientific problem that the scientists them-
selves acknowledge has substantial and fundamental uncertainties?
Climate scientists have become entangled in an acrimonious polit-
ical debate that has polarized the scientific community.

As a result of my analyses that challenge IPCC conclusions, I
have been called a denier by other climate scientists and most re-
cently by Senator Sheldon Whitehouse. My motives have been
questioned by Representative Grijalva in a recent letter sent to the
president of Georgia Tech.

There is enormous pressure for climate scientists to conform to
the so-called consensus. This pressure comes not only from politi-
cians, but from Federal funding agencies, universities, and profes-
sional societies, and scientists themselves who are green activists.
Reinforcing this consensus are strong monetary, reputational, and
authority interests.
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In this politicized environment, advocating for carbon dioxide
emissions reductions is becoming the default expected position for
climate scientists. This advocacy extends to the professional society
that publish journals and organize conferences.

Policy advocacy, when combined with understating the uncer-
tainties, risks destroying science’s reputation for honesty and objec-
tivity without which scientists become regarded as merely another
lobbyist group.

I would like to thank the Committee for raising the issue of data
versus dogma in support of improving the integrity of climate
science. This concludes my testimony.

[The prepared statement of Dr. Curry follows:]

PREPARED STATEMENT OF JUDITH A. CURRY, PROFESSOR AND FORMER CHAIR, SCHOOL
OF EARTH AND ATMOSPHERIC SCIENCES, GEORGIA INSTITUTE OF TECHNOLOGY

I thank the Chairman and the Committee for the opportunity to offer testimony
today on ‘Data or Dogma? Promoting Open Inquiry in the Debate on Climate
Change.” I am Professor and former Chair of the School of Earth and Atmospheric
Sciences at the Georgia Institute of Technology. As a climate scientist, I have de-
voted 30 years to conducting research on a variety of topics including climate dy-
namics of the Arctic, climate dynamics of extreme weather events, and reasoning
about climate uncertainty. As president of Climate Forecast Applications Network
LLC, I have been working with decision makers on climate impact assessments, as-
sessing and developing climate adaptation strategies, and developing subseasonal
climate forecasting strategies to support adaptive management and tactical adapta-
tion.

Over the past decade, I have become increasingly concerned about the integrity
of climate research, which is being compromised by the politicization of the science.
My research on understanding the dynamics of uncertainty at the climate science-
policy interface has led me to conclude these dynamics are not operating in a man-
ner that is healthy for either the science or the policy process.

My testimony focuses on the following issues of central relevance to the state of
climate science:

¢ Consensus, uncertainty and disagreement

o Unsettled climate science: the importance of natural climate variability
e Scenarios for the 21st century climate

e The broken contract between climate science and society

Consensus, uncertainty and disagreement

Under the auspices of the Intergovernmental Panel on Climate Change (IPCC),
the international climate community has worked for more than 20 years to establish
a scientific consensus on human-caused climate change. The IPCC consensus about
dangerous anthropogenic climate change is portrayed as nearly total among sci-
entists with prominence in the field of climate science, and the IPCC consensus has
been endorsed by the relevant national and international science academies and sci-
entific societies.

The IPCC consensus building process arguably played a useful role in the early
synthesis of the scientific knowledge. However, I have argued that the ongoing proc-
ess to negotiate a scientific consensus has had the unintended consequence of over-
simplifying both the problem and its solution, introducing biases into the both the
science and related decision making processes.

A scientist’s job is to critically evaluate evidence and challenge and reassess con-
clusions drawn from the evidence. Disagreement and minority perspectives have an
important and respected role to play in advancing science, as a mean for testing
ideas and pushing the knowledge frontier forward. How then, and why, have climate
scientists come to a scientific consensus about a very complex scientific problem that
the scientists themselves acknowledge has substantial and fundamental uncertain-
ties?

Climate scientists have become entangled in an acrimonious political debate that
has polarized the scientific community and has resulted in political attacks on sci-
entists on both sides of the debate. A scientist’s ‘side’ is often defined by factors that
are exogenous to the actual scientific debate. Scientific controversies surrounding
evidence of climate change have become a proxy for political battles over whether
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and how to react to climate change. Therefore, ‘winning’ a scientific debate means
attaining a privileged position in political battle, hence providing motivation for de-
fending the scientific consensus. The quality of both scientific and policy debate has
suffered as a consequence.

A climate scientist making a statement about uncertainty or degree of doubt in
the climate debate is categorized as a denier or a ‘merchant of doubt,” whose motives
are assumed to be ideological or motivated by funding from the fossil fuel industry.
My own experience in publicly discussing concerns about how uncertainty is charac-
terized by the IPCC has resulted in my being labeled as a ‘climate heretic’! that
has turned against my colleagues.

There is enormous pressure for climate scientists to conform to the so-called con-
sensus. This pressure comes not only from politicians, but from Federal funding
agencies, universities and professional societies, and scientists themselves who are
green activists and advocates. Reinforcing this consensus are strong monetary,
reputational, and authority interests.

As a result, I have become very concerned about the integrity of climate science.
In the last 5 years, I have published a series of papers that address the inadequa-
cies that I see in how climate scientists address the issue of uncertainty, and pro-
vide ways forward for improved reasoning about the complex problems in climate
science:

e Climate science and the uncertainty monster 2
e Reasoning about climate uncertainty 3

o Nullifying the climate null hypothesis 4

e Climate science: no consensus on consensus ?

How to deal with the politicization of climate science is less obvious, but I regard
it as highly important to shine some light on these problems. On my blog Climate
Etc. at judithcurry.com, under the tags of ‘Ethics’6, ‘Consensus’ 1A7 and ‘Sociology
of Science’8, I have written a series of essays on biases, the problems of advocacy
and partisanship among climate scientists, conflicts of interest, and suppressions of
climate inquiry.

Unsettled climate science

Anthropogenic climate change is a theory in which the basic mechanism is well
understood, but whose magnitude is highly uncertain owing to feedback processes.
Scientists agree that surface temperatures have increased overall since 1880, hu-
mans are adding carbon dioxide to the atmosphere, and carbon dioxide and other
greenhouse gases have a warming effect on the planet. However there is consider-
able disagreement about the most consequential issues: whether the warming has
been dominated by human causes versus natural variability, how much the planet
will warm in the 21st century, and whether warming is ‘dangerous’.

Why do climate scientists disagree? The historical data is sparse and inadequate.
There is disagreement about the value of different classes of evidence, notably the
value of global climate models. There is disagreement about the appropriate logical
framework for linking and assessing the evidence in this complex problem. Sci-
entists disagree over assessments of areas of ambiguity and ignorance. And finally,
belief polarization resulting from politicization of the science and the IPCC’s con-
sensus building process contributes substantially to the disagreement among sci-
entists.

What is causing the warming?

The key conclusion of the 2013 IPCC AR5 Report? is that it is extremely likely
that more than half of the warming since 1950 has been caused by humans, and
climate model simulations indicate that all of this warming has been caused by hu-
mans.

1http:/ /www.scientificamerican.com [ article / climate-heretic/

2 http:/ [journals.ametsoc.org /doi/pdf/10.1175/2011BAMS3139.1

3 http:/ www.climateaccess.org [ sites | default / files | Curry Reasoning%20about
%20climate%20uncertainty.pdf

4 http:/ [onlinelibrary.wiley.com [doi/10.1002 | wce. 141/ abstract?userIsAuthenticated=false
&deniedAccessCustomisedMessage=

5http:/ [ curryja.files.wordpress.com /2012 10 [ consensus-paper-revised-final.doc

6 hitp:/ [ judithcurry.com/category | ethics/

7http:/ | judithcurry.com [ category [ consensus /

8 hitp:/ [ judithcurry.com [ category | sociology-of-science |

9 hitps:/ www.ipce.ch [ pdf | assessment-report /ar5/wgl /| WG1AR5 SPM FINAL.pdf
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Global surface temperature anomalies since 1850 are shown below.
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Figure 1: Global surface temperature anomalies from the UK HadCRUT4 dataset http://
www.cru.uea.ac.uk /cru/data [ temperature | HedCRUT4.pdf

If the warming since 1950 was caused by humans, what caused the warming dur-
ing the period 1910—1945? The period 1910-1945 comprises over 40 percent of the
warming since 1900, but is associated with only 10 percent of the carbon dioxide
increase since 1900. Clearly, human emissions of greenhouse gases played little role
in causing this early warming. The mid-century period of slight cooling from 1945
to 1975—referred to as the ‘grand hiatus’, also has not been satisfactorily explained.

Apart from these unexplained variations in 20th century temperatures, there is
evidence that the global climate has been warming overall for the past 200 years,
or even longer. While historical data becomes increasingly sparse in the 19th cen-
tury, the Berkeley Earth Surface Temperature Project has assembled the available
temperature data over land, back to 1750:

Decadal Land-Surface Average Temperature
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Fligjure 2: Global land surface temperature anomalies since 1750, smoothed with a 10 year fil-
ter 10,

The Berkeley Earth analysis shows a warming trend back to 1800, with consider-
able variability around the turn of the 19th century. Some of this variability around
the turn of the 19th century can be attributed to large volcanic eruptions; this was
also the time of the Dalton solar activity minimum (1791-1825). Paleoclimate recon-
structions of Northern Hemisphere climate—such as from tree rings and boreholes—

10Rohde et al., Geoinfor Geostat: An Overview 2013, 1:1 htip://dx.doi.org/10.4172/2327-
4581.1000101
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indicate that overall warming may have occurred for the past 300-400 years.!! Hu-
mans contributed little if anything to this early global warming.

What is the global warming hiatus, and why does it matter?

The warming hiatus, or ‘pause’, reflects a slowdown of the rate of warming in the
early 21st century, relative to the rapid rate of warming in the last quarter of the
20th century. The 2013 IPCC AR5 Report 12 made the following statement: “the rate
of warming over the past 15 years . . . is smaller than the rate calculated since
1951”.

The significance of a reduced rate of warming since 1998 is that during this pe-
riod, 25 percent of human emissions of carbon dioxide have occurred. Most signifi-
cantly, the observed rate of warming in the early 21st century was slower than cli-
mate model predictions. The growing discrepancy between climate model predictions
and the observations has raised serious questions about the climate models that are
being used as the basis for national and international energy and climate policies.

There has been a raging debate in recent months surrounding a new global tem-
perature data set published by NOAA.13 The new data set finds more warming in
recent decades than other global surface temperature data sets. Media headlines
touted the conclusion that science now shows that the recent hiatus in warming
never existed. Other headlines accused NOAA of fiddling with the climate data to
erase the warming hiatus.

As NOAA’s new land temperature data set did not become publicly available until
last month, independent scientists have not yet had the chance to fully assess or
understand the new data set. The differences during the recent hiatus period be-
tween the new NOAA surface temperature data set and the other data sets is illus-
trated below.

12-month Moving Land+Ocean Average

Hadley / CRU

NASA GISS

NOAA [ NCDC

Berkeley Earth with 85% confidence interval | o3

A
o
=
g
Fo1 8
<
g
2
icd
o &
E
3
\ -
11 \ -0.1
\ f
/
v
v --0.2
Relative to 1991-2010 Average Temperature Robert A. Rohde / Berkeley Earth

1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

Figure 3: Global surface temperature anomalies since 1995, for four different data sets. Figure
courtesy of Robert Rohde of the Berkeley Earth Surface Temperature Project

The new NOAA temperatures (red curve) are somewhat colder prior to 2007, and
warmer since 2012. The largest discrepancies with other data sets are in the ocean
data. Scientists are working to understand the reasons for these discrepancies. The
trend of the new NOAA dataset of 0.1°C per decade for the period 1998-2014 is
more than 50 percent larger than the trend of some of the other data sets. However,
even the larger NOAA trend is at the bottom of the IPCC AR5 climate model projec-
tions for the early 21st century warming of 0.11 to 0.43 °C per decade 4.

The warming hiatus is most clearly revealed in the global satellite data sets of
lower atmospheric temperature (Figure 4). Scientists disagree on the reasons for the

1 http: | Jwww.climatechange2013.0rg [ report | reports-graphic [ ch5-graphics |, Figure 5.7

12 hitps: | | www.ipce.ch [ pdf ]| assessment-report [ar5 /wgl [ WG1AR5 SPM FINAL.pdf

13 hitp:/ /www.sciencemag.org [ content [early | 2015/ 06 /03 | science.aaa5632.full

14 hitps: | | www.ipce.ch [ pdf ]| assessment-report /ar5 /wgl/ WG1AR5 Chapter1l FINAL.pdf
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discrepancies between the variations of surface temperature and the lower atmos-
pheric temperatures. The presence of El Nino and La Nina events compounds the
difficulty in interpreting trends.

1
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Figure 4: Lower atmospheric temperature anomalies determined from satellite, for two dif-
ferent analyses. Figure courtesy of Roy Spencer, University of Alabama Huntsville.

The U.S. media touted 2014 as the ‘warmest year’ in the historical record; how-
ever, given the uncertainties in the analyses, 2014 was in a statistical tie with 2010
and 2005. The UK dataset HadCRU, with perhaps a more realistic assessment of
uncertainties, found 2014 to rank among the top 10 warmest years, all of which are
since 1998. While the recent decade is the warmest in history, the ties for warmest
year further reflect a plateau in the warming.

Scientists working with the global surface temperature datasets have predicted an
85 percent probability that 2015 will be the warmest year on record.!® Declarations
of ‘warmest year’ are already being made, before the end of the year, presumably
to support the current UN climate negotiations in Paris. However, scientists work-
ing with the satellite data of lower atmospheric temperatures do not foresee 2015
as being among the warmest years.

Scientists continue to investigate the reasons for discrepancies among the data
sets. It will likely be 5 years into the future before we have the perspective to iden-
tify whether the warming hiatus has ended with a resumption of a more rapid rate
of warming, or whether the warming in 2015 from the large El Nino event will be
followed by several cool years, as is often the case following El Nino events.

The oceans: sea ice and sea level rise

Among the greatest public concerns about climate change are sea level rise and
melting of the polar ice. However, unless the recent changes are put in context with
historical variations and an understanding of natural variability, it is easy to erro-
neously infer that any recent change is caused by humans.

Sea ice
The IPCC AR5 SPM 16 reports the following trends in sea ice:
“[T]he annual Arctic sea ice extent decreased over the period 1979-2012: the
rate of this decrease was very likely between 3.5 and 4.1 percent per decade
“It is very likely that the annual Antarctic sea ice extent increased at a rate
of between 1.2 and 1.8 percent per decade between 1979 and 2012.

Below are satellite observations of sea ice variability through early December
2015.

15 http:/ | berkeleyearth.org | berkeley-earth-temperature-update /
16 hitps:/ | www.ipce.ch [ pdf|assessment-report [ar5/wgl | WG1AR5 SPM FINAL.pdf
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Figure 5. Sea ice extent anomalies from 1979 to present.
Source: http:/ | arctic.atmos.uiuc.edu [ cryosphere | IMAGES | seaice.anomaly.arctic.png,
http:/ | arctic.atmos.uiuc.edu [ cryosphere | IMAGES / seaice.anomaly.antarctic.png

With regards to the most recent sea ice variability: since 2013, Arctic sea ice is
recovering from its summertime minima during the period 2007-2012. Notably, Arc-
tic sea ice volume (a metric that combines both horizontal extent and ice thickness)
shows a continuing increase since 2012.17 During 2014, Antarctic sea ice set a win-
tertime maximum record; whereas during 2015, the Antarctic sea ice extent has de-
clined owing to the El Nino event.

Regarding the causes of the recent variations in sea ice, the AR5 Chapter 1018
states:

“Anthropogenic forcings are very likely to have contributed to Arctic sea ice loss
since 1979. There is low confidence in the scientific understanding of the ob-
served increase in Antarctic sea ice extent since 1979, due to the incomplete and
competing scientific explanations for the causes of change and low confidence in
estimates of internal variability.”

“Arctic temperature anomalies in the 1930s were apparently as large as
those in the 1990s and 2000s. There is still considerable discussion of the ulti-
mate causes of the warm temperature anomalies that occurred in the Arctic in
the 1920s and 1930s.”

The IPCC AR5 states that the increase in Antarctic sea ice is not understood and
is not simulated correctly by climate models. Further, Arctic surface temperature
anomalies in the 1930s were nearly as large as the recent temperature anomalies,
and hence the IPCC uses the weak phrase ‘contributed to’ in reference to anthropo-
genic influences on Arctic sea ice.

A recent paper by Swart et al.19 emphasized that internal climate variability can
mask or enhance human-induced sea-ice loss on timescales ranging from years to
decades or even a century. A recent paper by Zhang20 clarifies the natural fluctua-
tions that influence Arctic sea ice loss—heat transported by the Atlantic and Pacific,
and wind patterns over the Arctic that drive sea ice out from the central Arctic,
where it melts in the North Atlantic. In particular, the recent cooling in the high
latitudes of the North Atlantic is associated with the current recovery of the sea ice
in the Atlantic sector.

Wyatt and Curry (2014) interpret the multi-decadal natural variability component
of the Arctic sea ice in context of a ‘stadium wave’.2! The stadium wave is a hypoth-
esized low-frequency climate signal propagating across the Northern Hemisphere,
whose tempo is set by the multidecadal component of Atlantic Ocean variability—
the Atlantic Multidecadal Oscillation. Sea ice in the Eurasian Arctic shelf region,
where sea ice is uniquely exposed to open ocean in the Northern Hemisphere,

17 hitp:/ | psc.apl.washington.edu | wordpress | wpcontent [ uploads | schweiger [ice volume /| BPI
OMASIceVolumeAnomalyCurrentV2.1.png

18 hitps:/ | www.ipce.ch [ pdf | assessment-report [ar5 /wgl/ WG1AR5 Chapter10 FINAL.pdf

19 Swart et al 2015 Influence of internal variability on Arctic sea-ice trends, Nature climate
Change, 5, Pages: 86—89 DOI: doi:10.1038/nclimate2483

20Zhang, R. 2015. Mechanisms for low-frequency variability of summer Arctic sea ice extent,
Proceedings of the National Academy of Sciences, do0i:10.1073/pnas.1422296112

21Wyatt, MG and JA Curry, 2013: Role for Eurasian Arctic shelf sea ice in a secularly varying
hemispheric climate signal during the 20th century. Climate Dynamics, hitp://curryja
.files.wordpress.com /2013 /10 stadium-wavel.pdf
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bridges communication between the ocean and atmosphere that sustains propaga-
tion of the hemispheric signal. Ocean-ice-atmosphere coupling spawns a sequence of
positive and negative feedbacks that convey persistence and quasi-oscillatory fea-
tures to the signal. Further stabilizing the system are anomalies of co-varying Pa-
cific-centered atmospheric circulations. The stadium wave hypothesis suggests that
a transition to recovery of the natural variability component of the sea ice extent
has begun in the European Arctic sector, and that the recovery will reach its max-
imum extent circa 2040.

Clearly, there is a lot going on with respect to variability in Arctic and Antarctic
sea ice that cannot be explained solely by warming from human-caused greenhouse
gases. Climate models do not simulate correctly the ocean heat transport and its
variations. Scientists do not agree on the explanation for the increasing Antarctic
sea ice extent, and the key issue as to whether human-caused warming is the domi-
nant cause of the recent Arctic sea ice loss remains unresolved.

Nevertheless, the IPCC AR5 concluded:

o “[Ilt is very likely that the Arctic sea ice cover will continue to shrink and thin
all year round during the 21st century. It is also likely that the Arctic Ocean
will become nearly ice-free in September before the middle of the century (me-
dium confidence).”

More convincing arguments regarding causes of recent sea ice variations in both
hemispheres are required before placing any confidence in projections of future
changes in Arctic sea ice cover.

Sea level rise

The IPCC AR5 SPM 22 makes the following statements regarding global sea level
rise:

“Over the period 1901-2010, global mean sea level rose by 0.19 [0.17 to 0.21] m”
[about 7—8 inches]

“It is very likely that the mean rate of global averaged sea level rise was 1.7 [1.5
to 1.9] mm yr- between 1901 and 2010 . . . and 3.2 [2.8 to 3.6] mm yr-1 between
1993 and 2010. It is likely that similarly high rates occurred between
1920 and 1950.”

The rate of global mean sea level rise as portrayed in the IPCC AR5 is shown
in Figure 6 below.
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47

Figure 6. 18-year trends of global mean sea level rise estimated at 1-year intervals. The time
is the start date of the 18-year period, and the shading represents the 90 percent confidence.
The estimate from satellite altimetry is also given, with the 90 percent confidence given as an
error bar. [AR5 WGI Figure 3.14] 23

The IPCC AR5 then concludes:

“It is very likely that there is a substantial contribution from anthropogenic
forcings to the global mean sea level rise since the 1970s.”

Global sea level has been rising for the past several thousand years. The key issue
is whether the rate of sea level rise is accelerating owing to anthropogenic global
warming. It is seen that the rate of rise during 1920-1950 was comparable to, if
not larger than, the value in recent years (a period contributing less than 10 percent
of the human caused CO, emissions since 1900). Hence the data does not seem to
support the IPCC’s conclusion of a substantial contribution from anthropogenic
forcings to the global mean sea level rise since the 1970s.

The IPCC AR5 then makes the following projections regarding sea level rise:

“Under all RCP scenarios the rate of sea level rise will very likely exceed that
observed during 1971-2010 due to increased ocean warming and increased loss
of mass from glaciers and ice sheets.”

“For RCP8.5, the rise by the year 2100 is 0.52 to 0.98 m [20 to 38 inches], with
a rate during 2081-2100 of 8 tol6 mm/yr (medium confidence). These ranges
are derived from CMIP5 climate projections in combination with process-based
models and literature assessment of glacier and ice sheet contributions.”

So, for a warming since 1900 that is approaching 1 °C, we have been unable to
identify an unambiguous signal of human-caused sea level rise that exceeds the sig-
nal from natural variability (as evidenced by the large rates of sea level rise from
1920 to 1950). The extreme emissions scenario (RCP8.5) projects a sea level increase
of 20 to 38 inches by the end of the 21st century; for the more realistic emissions
scenario RCP6.0, the projected sea level rise is 13 to 25 inches. These projections
were obtained using the same CMIP5 models that are arguably running too hot in
their temperature projections, perhaps by a factor of two.

The largest concern about a potential catastrophic sea level rise is the possible
collapse of the West Antarctic Ice Sheet (WAIS). The IPCC AR5 decided that there
was insufficient evidence to make an assessment any more precise than the sea
level rise contribution from WAIS “would not exceed several tenths of a metre” by
the end of the 21st century. A recent paper in Nature2* predicts that WAIS insta-
bility will most likely contribute 10 cm sea level rise by the end of the 21st century
but is extremely unlikely to contribute more than 30 cm.

A recent paper 25 published by NASA scientists found that overall mass gains of
the Antarctic ice sheet exceed losses, and that the growing accumulation of snow
over Antarctic is decreasing global sea level by 0.23 mm/yr. This finding is in con-
trast to the IPCC AR5 conclusion that Antarctica was adding 0.27 mm/yr to sea
level rise. The issues surrounding the current and potential future contributions of
Antarctica to sea level rise continue to be debated.

The essential issue regarding sea level rise is that any dangers are local. Global
warming (whether natural or anthropogenic) is only one factor that influences local
sea level rise: other factors are geological sinking/rising, ground water withdrawal,
and river and coastal engineering. Nearly all locales where sea level rise is regarded
as dangerous have rates of sea level rise that far exceed the global rate of 3 mm/
yr—U.S. examples26 are the Louisiana coast (9.03 mm/yr) and Chesapeake Bay
(6.02 mm/yr), and Bangladesh sea level is rising at a rate of 10.7 mm/yr27. A recent
study by New Zealand scientists 28 found that 18 of 29 atoll islands in the tropical
Placiﬁc have actually grown over the past 60 years, in the presence of rising sea lev-
els.

Summary

Anthropogenic climate change is a theory in which the basic mechanism is well
understood, but whose potential magnitude is highly uncertain. What does the pre-
ceding analysis imply for IPCC’s ‘extremely likely’ attribution of anthropogenically
caused warming since 1950?

23 hitps: | Jwww.ipce.ch [ publications and data/ard/wgl/en/spm.html

24 hittp: | | www.nature.com | articles | doi:10.1038 / nature16147

25 hitp: | | www.ingentaconnect.com [ content |/ igsoc | jog | pre-prints [ content-ings _jog 15j071
26 hitp:/ [ tidesandcurrents.noaa.gov / sltrends [ sltrends.html

27 hitp: | | www.sciencedirect.com [ science [ article / pii / S0921818113002191

28 hitp:/ | www.crossref.org | iPage?doi=10.1130%2FG36555.1
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1. After expecting a global mean surface temperature increase of 0.2 °C per dec-
ade in the early decades of the 21st century based on climate model simula-
tions and statements in the 2007 IPCC AR4 Report29, the rate of warming
since 1998 is only 0.065 °C per decade (HadCRUT4 data set) or 0.1 °C per dec-
ade (new NOAA data set).

2. There have been large magnitude variations in global/hemispheric climate on
timescales of 30 years, which are the same duration as the late 20th century
warming. The IPCC does not have convincing explanations for previous 30 year
periods in the 20th century, notably the warming 1910-1945 and the grand hi-
atus 1945-1975.

3. There is a secular warming trend at least since 1800 (and possibly as long as
400 years), that cannot be explained by CO», and is only partly explained by
volcanic eruptions.

The combination of these three points substantially reduces the confidence that
we should place in the IPCC’s attribution of warming since 1950 to human causes.

With regards to the multidecadal variations, a recent paper by Tung and Zhou 30
argue that a natural multidecadal oscillation of an average period of 70 years with
significant amplitude of 0.3-0.4°C is superimposed on the secular warming trend,
which accounts for 40 percent of the observed warming since the mid-20th century.
Tung and Zhou identify this oscillation with the Atlantic Multidecadal Oscillation
(AMO), although the stadium wave 31 suggests a more complex multidecadal signal.
The stadium wave provides a common explanation for both the mid 20th century
warming hiatus (1945-1975) and the 21st century warming hiatus (since 1998).
These oscillations are strongly reflected also in Arctic temperatures, Arctic sea ice
extent and Greenland melting.

What could be the cause of a 200—400 year period of secular warming? The obvi-
ous places to look are to the sun and the ocean. Ocean circulation patterns influence
climate also on century to millennial time scales. Sun-climate connections are re-
ceiving renewed interest, as evidenced by the National Academies Workshop Report
“The Effects of Solar Variability on Earth’s Climate”.32 Understanding and explain-
ing the climate variability over the past 400 years, prior to 1950, has received far
too little attention. Without this understanding, we should place little confidence in
the IPCC’s explanations of warming since 1950—it is too easy to get the ‘right’ an-
swer for the wrong reasons.

Whither the 21st century climate?

The IPCC has made dire predictions that we can expect 4 °C or more of warming
by the end of the 21st century if carbon dioxide emissions are not reduced. The cli-
mate models making these predictions are the same models that predicted too much
warming in the early 21st century, and do not reproduce the warming from 1910-
1945 or the mid 20th century grand hiatus. Further, the global climate models can-
not predict future major volcanic eruptions or solar cycles, and do not adequately
predict the long-term oscillations in the ocean.

Arguments for lower values of climate sensitivity to CO>

Human-caused warming depends not only on increases in greenhouse gases but
also on how ‘sensitive’ the climate is to these increases. Climate sensitivity is de-
fined as the global surface warming that occurs when the concentration of carbon
dioxide in the atmosphere doubles. If climate sensitivity is high, then we can expect
substantial warming in the coming century as emissions continue to increase. If cli-
mate sensitivity is low, then future warming will be substantially lower.

The equilibrium climate sensitivity (ECS) is defined as the change in global mean
surface temperature that is caused by a doubling of the atmospheric CO2 concentra-
tion, allowing sufficient time for the climate to equilibrate. Table 1 compares the
values of ECS determined by: the IPCC AR4 (2007)33, the IPCC AR5 (2013)34, the

29 hitps: | |www.ipce.ch [ publications and data/ard/wgl/en/spm.html

30Tung, KK and J Zhou, 2013: Using data to attribute episodes of warming and cooling in
instrumental records. PNAS http:/ /www.pnas. org/content/early/2013/01/22/1212471110
.abstract

31 Wyatt, MG and JA Curry 2014: Role for Eurasian Arctic shelf sea ice in a secularly varying
hemispheric climate signal during the 20th century. Climate Dynamics, 42, 2763-2782. http://
Judithcurry.com /[2013/10/ 10/ the-stadium-wave |

32 hitp: | | www.nap.edu /read | 13519  chapter | 1#xi

33 hitps: | Jwww.ipce.ch [ publications and data/ar4d/wgl/en/spm.html

34 hitps: | |www.ipce.ch [ pdf | assessment-report /ar5/wgl | WG1AR5 SPM FINAL.pdf
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CMIP5 climate models cited in the IPCC AR5 (2013)35, the observational analysis
of Lewis and Curry (2014)3¢ and the update by Lewis (2015)37 with lower aerosol
forcing, and the U.S. IWG 38 (used to determine the social cost of carbon).

Table 1: Values of equilibrium climate sensitivity (ECS) (°C)

Best

Estimate 5th pctile 95th pctile
IPCC AR4 (2007) 3.0 1.5 —
IPCC AR5 (2013) - 1.0 6.0*
CMIP5 models (2013) 3.22 2.1 4.7
Lewis & Curry (2014) 1.64 1.05 4.05
Lewis (2015) 1.45 1.05 2.2
US IWG 3.0 1.72 7.14

90th pctile

There are marked differences between the values of ECS determined by the IPCC
AR5 versus the AR4. The nominal lower bound (5th percentile) has dropped from
1.5 °C (AR4) to 1.0 °C (AR5). The AR5 finds values of ECS exceeding 6°C to be very
unlikely (90th percentile), whereas the AR4 did not have sufficient confidence to
identify an upper bound at this confidence level. It is also significant that the AR5
does not cite a ‘best estimate’, whereas the AR4 cites a best estimate of 3 °C. The
stated reason for not citing a best estimate in the AR5 is the substantial discrep-
ancy between observation-based estimates of ECS (lower), versus estimates from cli-
mate models (higher).

Lewis and Curry (2014) found values of ECS approximately half that determined
from the CMIP5 climate models. Using an observation-based energy balance ap-
proach, our calculations used the same data (including uncertainties) for changes in
greenhouse gases, aerosols and other drivers of climate change given by the IPCC
AR5. Our range for ECS is much narrower, with far lower upper limits, than re-
ported by the IPCC AR5. Recent papers by Skeie et al39 and Masters4C also find
comparably low values of ECS.

The latest research suggests even lower values of the equilibrium climate sensi-
tivity. The greatest uncertainty in ECS estimates is accounting for the effects of
small aerosol particles in the atmosphere, which have a cooling effect on the climate
(partially counteracting the greenhouse warming). A new paper by Stevens4! con-
strains the impact of aerosols on climate to be significantly smaller than assumed
in the IPCC AR5. Nicholas Lewis has re-run the calculations used in Lewis and
Curry (2014) using aerosol impact estimates in line with Stevens’ paper.42 Most sig-
nificantly, the upper bound (95th percentile) is lowered to 2.2 °C (Table 1).

At the recent international Workshop on Earth’s Climate Sensitivity,43 concerns
were raised about the upper end of the Lewis and Curry sensitivity being too low,
owing to uncertainties in ocean heat uptake. Many of the climate model simulations
used for the AR5 (CMIP5) are using values of aerosol forcing that are now known
to be far too high. Climate model simulations that are re-assessed and re-calibrated
to account for smaller values of aerosol forcing can be used to clarify the upper
bound of ECS. In a presentation at the Workshop, IPCC lead author Bjorn Ste-

35 hitp: | | www.climatechange2013.org [ images | uploads | WGIAR5 WGI-12Doc2b  FinalDraft
_ Chapter09.pdf

36 Lewis, N. and J.A. Curry, (2014) The implications for climate sensitivity of AR5 forcing and
heat uptake. Climate Dynamics hittp:/ /link.springer.com/article/10.1007%2Fs00382-014-2342-
y#page-1
a7 h/ttp:/ [judithcurry.com /2015/03/ 19 /implications-of-lower-aerosol-forcing-for-climate-sensi
tivity

38 https: | www.whitehouse.gov / sites | default / files | omb | inforeg | scc-tsd-final-july-2015.pdf

39 Skeie, R. B., T. Berntsen, M. Aldrin, M. Holden, and G. Myhre, 2014. A lower and more
constrained estimate of climate sensitivity using updated observations and detailed radiative
forcing time series. Earth System Dynamics, 5, 139-175.

40 Masters, T., 2013. Observational estimates of climate sensitivity from changes in the rate
of ocean heat uptake and comparison to CMIP5 models. Climate Dynamics, doi:101007/s00382—
013-1770—4

41Stevens, B (2015) Rethinking the lower bound on aerosol forcing. J. Climate, http://jour-
nals.ametsoc.org/doi/abs/10.1175/ JCLI-D-14-00656.1

42Lewis, N, (2015) Implications of lower aerosol forcing for climate sensitivity. http://
Judithcurry.com [2015/ 03/ 19 /implications-of-lower-aerosol-forcing-for-climate-sensitivity |

43 http: | |www.mpimet.mpg.de/en [ science | the-atmosphere-in-the-earth-system | ringberg-work-
shop [ ringberg-2014.html
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vens 44 argued for an upper bound to ECS of 3.5 °C based on analyses of climate
models. Research continues to assess the methods used to estimate climate sensi-
tivity. However, the reduced estimates of aerosol cooling lead inescapably to reduc-
tions in the estimated upper bound of climate sensitivity.

The discrepancy between observational and climate model-based estimates of cli-
mate sensitivity is substantial and of significant importance to policymakers—equi-
librium climate sensitivity, and the level of uncertainty in its value, is a key input
into the economic models that drive cost-benefit analyses and estimates of the social
cost of carbon. In spite of the IPCC AR5 assessment (where a ‘best value’ was not
given) and this recent research on climate sensitivity, economists calculating the so-
cial cost of carbon and the impacts of emissions reductions on climate continue to
use the ‘best value’ of ECS = 3 °C determined by the 2007 IPCC AR4 Report.

A particularly egregious example of this is the U.S. Social Cost of Carbon,*5 pre-
pared by the InterAgency Working Group (IWG). In May 2013, the IWG produced
an updated social cost of carbon model. However, the IWG did not update the equi-
librium climate sensitivity (ECS) employed in the models, and this decision was re-
affirmed by the IWG in July 2015. The values of ECS used by the U.S. IWG (Table
1) have lower and upper bounds that are indefensible in context of the IPCC values
and most particularly in light of the recent research. The 95th percentile value is
of particular importance, since the tail values of ECS drive the social cost of carbon.

In summary, there is a great deal of uncertainty in the values of climate sensi-
tivity, and this is an active area of research. There is growing evidence in the pub-
lished literature and recent assessments and workshops that a sensitivity of 1.0 °C
is the appropriate lower bound to use in a 5 to 95 percentile range, and there is
decreasing support for values of equilibrium climate sensitivity above 3.5°C. Not
only are the U.S. IWG sensitivity values much higher than values suggested by the
latest research, but the U.S. IWG values are indefensible even in context of both
the IPCC AR4 and AR5 reports. The end result is that misleading values of the so-
cial cost of carbon being used to drive U.S. climate and energy policy.

Climate change in the 21st century

Chapter 11 of the IPCC AR5 Report4¢ focused on near term climate change,
through 2035. Figure 7 compares climate model projections with recent observations
of global surface temperature anomalies.

CMIP5 near-term global temperature projections: updated from IPCC ARS Fig. 11.25
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Figure 7. Comparison of CMIP5 climate model simulations of global surface temperature
anomalies with observations through 2014 (HadCRUT4). Updated from Figure 11.25 of the
IPCC AR5, to include observations through 2014. hitp://www.climate-lab-book.ac.uk/com-
paring-cmip5-observations |

The observed global temperatures for the past decade are at the bottom bound of
the 5-95 percent envelope of the CMIP5 climate model simulations. Overall, the
trend in the climate model simulations is substantially larger than the observed
trend over the past 15 years.

4 http: | |www.mpimet.mpg.de/fileadmin | atmosphaere | WCRP _Grand Challenge Work
shop | Ringberg 2015/ Talks/Stephens 24032015.pdf

45 https: | |www.whitehouse. gov/sztes/default/ﬁles/omb/mforeg/scc tsd-final-july-2015.pdf

46 htips:/ /www.ipce.ch | pdf|assessment-report /ar5 /wgl/WGIAR5 Chapterll FINAL.pdf
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Regarding projections for the period 2015-2035, the 5-95 percent range for the
trend of the CMIP5 climate model simulations is 0.11°C-0.41 °C per decade. The
IPCC then cites ‘expert judgment’ as the rationale for lowering the projections (indi-
cated by the red hatching in Figure 7):

“However, the implied rates of warming over the period from 1986-2005 to 2016-
2035 are lower as a result of the hiatus: 0.10°C-0.23°C per decade, suggesting
the AR4 assessment was near the upper end of current expectations for this spe-
cific time interval.”

This lowering of the projections relative to the results from the raw CMIP5 model
simulations was done based on expert judgment that some models are too sensitive
to anthropogenic forcing.

Multi-decadal ocean oscillations play a dominant role in determining climate on
decadal timescales. The Atlantic Multidecadal Oscillation (AMO) is currently in its
warm phase, with a shift to the cool phase expected to occur sometime in the
2020s.47 Climate models, even when initialized with ocean data, have a difficult
time simulating the amplitude and phasing of the ocean oscillations. In a paper that
I coauthored, we found that most of CMIP5 climate models, when initialized with
ocean data, show some skill out to 10 years in simulating the AMO.48 Tung and
Zhou 9 argue that not taking the AMO into account in predictions of future warm-
ing under various forcing scenarios may run the risk of over-estimating the warm-
ing for the next two to three decades, when the AMO is likely in its cool phase.

Projections for the year 2100

Climate model projections of global temperature change at the end of the 21st
century are driving international negotiations on CO, emissions reductions, under
the auspices of the UN Framework Convention on Climate Change (UNFCCC).50
Figure 8 shows climate model projections of 21st century warming. RCP8.5 reflects
an extreme scenario of increasing emissions of greenhouse gases, whereas RCP2.6
is a scenario where emissions peak around 2015 and are rapidly reduced thereafter.
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Figure 8: Figure SPM.7 of the IPCC AR5 WG1. CMIP5 multi-model simulated time series
from 1950 to 2100 for change in global annual mean surface temperature relative to 1986-2005.
Time series of projections and a measure of uncertainty (shading) are shown for scenarios
RCP2.6 (blue) and RCP8.5 (red). Black (grey shading) is the modelled historical evolution using
historical reconstructed forcings. The mean and associated uncertainties averaged over 2081-
2100 are given for all RCP scenarios as colored vertical bars.

Under the RCP8.5 scenario, the CMIP5 climate models project continued warming
through the 21st century that is expected to surpass the ‘dangerous’ threshold of
2°C warming as early as 2040. It is important to note that the CMIP5 simulations
only consider scenarios of future greenhouse gas emissions—they do not include con-
sideration of scenarios of future volcanic eruptions, solar variability or long-term os-

47 http: | |www.wyattonearth.net /images/ 9Wyatt Curry 2013 author-version _manuscript

.pdf

48 hitp:/ | webster.eas.gatech.edu [ Papers |Kim et al.2012 GRL.pdf

49Tung, KK and J Zhou, 2013: Using data to attribute episodes of warming and cooling in
instrumental records. PNAS http://www.pnas.org/content/early/2013/01/22/1212471110
.abstract

50 http:/ [ unfecc.int /| 2860.php
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cillations in the ocean. Russian scientists 51 argue that we can expect a Grand Solar
Minima (contributing to cooling) to peak mid 21st century.

While the near-term temperature projections were lowered relative to the CMIP5
simulations (Figure 7), the IPCC AR5 SPM 52 states with regards to extended-range
warming:

“The likely ranges for 2046-2065 do not take into account the possible influence
of factors that lead to the assessed range for near-term (2016-2035) global mean
surface temperature change that is lower than the 5-95 percent model range, be-
cause the influence of these factors on longer term projections has not been quan-
tified due to insufficient scientific understanding.”

There is a troubling internal inconsistency in the IPCC AR5 WG1 Report: the AR5
assesses substantial uncertainty in climate sensitivity and substantially lowered
their projections for 2016-2035 relative to the climate model projections, versus the
projections out to 2100 that use climate models that are clearly running too hot.
Even more troubling is that the IPCC WG3 report—Mitigation of Climate Change—
conducted its entire analysis assuming a ‘best estimate’ of equilibrium climate sensi-
tivity to be 3.0 °C.

The IPCC AR5 declined to select a ‘best estimate’ for equilibrium climate sensi-
tivity, owing to discrepancies between climate model estimates and observational es-
timates (that are about half the magnitude of the climate model estimates). Hence
the CMIP5 models produce warming that is nominally twice as large as the lower
values of climate sensitivity would produce. No account is made in these projections
of 21st century climate change for the substantial uncertainty in climate sensitivity
that is acknowledged by the IPCC.

Impact of reductions in CO, emissions

The current negotiations in Paris under the auspices of the UNFCCC COP21 are
aimed at reducing emissions so as to avoid ‘dangerous’ human interference with cli-
mate change.53 The definition of ‘dangerous’ has been rather arbitrarily set at 2°C
warming since pre-industrial times.54

The world’s nations have recently submitted to the UNFCCC their Intended Na-
tionally Determined Contributions (INDCs).55 Economists are beginning to assess
the impact that these INDCs will have on the climate by the end of the 21st cen-
tury. Danish economist Bjorn Lomborg recently published a paper?6 that assesses
the impact of the climate policies implemented by 2030, and assuming these policies
are extended out to 2100. Lomborg concluded that an optimistic estimate (assuming
the targets are actually met) is that these emissions reductions would prevent 0.17
°C of warming by the end of the 21st century. Lomborg’s estimate is consistent with
a statement in the “MIT Energy and Climate Outlook 2015”57 that projected about
0.2 °C less warming by the end of the 21st century.

The second, longer-term reduction commitments (e.g., 80 percent reduction in both
U.S. and EU emissions by 2050) were not included in Lomborg’s analysis, because
he regarded promises of what will happen in 2050 to be not as much actual policies
but political hand waving. The International Energy Agency has issued a report 58
that estimated that full implementation of the path set by the global INDCs would
be consistent with a global average temperature increase of 2.7°C by 2100. Other
estimates ® range higher, up 3.5 °C, although none of these estimates are docu-
mented in detail or published in a refereed journal. The bottom line is that all of
these estimates from climate models are far from achieving the desired objective of
keeping the warming below 2 °C.

All of these estimates are being conducted using the MAGICC climate model, 60
which allows specification of the value of equilibrium climate sensitivity. MAGICC’s

51 Abdussamatov, H 2013: Current long-term negative energy balance of the earth leads to the
new little ice age. Journal of Geology and Geophysics http://omicsgroup.org/journals/grand-
minimum-of-the-total-solar-irradiance-leads-to-the-little-ice-age-2329-6755.10001 13.pdf
S;;Ihttps:/ /www.ipce.ch [ pdf|assessment-report [ar5/wgl | WGIAR5 SPM FINAL.pdf, Table

2

53 hitps: /| | unfece.int [ resource [ docs | convkp | conveng.pdf

54 hitp: | | www.wbgu.de | en | special-reports | sr-1995-co2-reduction /

55 hitp:/ | unfece.int [ focus /inde  portal [ items | 8766.php

56 Lomborg, B, 2015: Impact of Current Climate Proposals, Global Policy http://online
library.wiley.com /doi/10.1111/1758-5899.12295 / full

57 hitp:/ | globalchange.mit.edu | research | publications  other | special | 20150utlook

58 hitp:/ www.iea.org /media /news/ WEO INDC Paper Final WEB.PDF

59 hitp: | | www.climatescoreboard.com

60 hitp:/ | www.cgd.ucar.edu / cas/wigley | magice/
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default value of ECS is 3 °C, and this number has become so ingrained that you
see many analyses that do not even cite the value of ECS that was used.

Of particular note is a recent paper by Japanese economists Yoichi Kaya,
Mitsutune Yamaguchi and Keigo Akimoto entitled “The uncertainty of climate sensi-
tivity and its implications for the Paris negotiations”.61 The key conclusion from
their paper:

“The outcome of our model shows global total emissions under major countries’
INDCs in 2030 will not be on track to attain the 2 C target if climate sensitivity
is 3 C. On the other hand, if climate sensitivity is 2.5 C, and if we allow a tem-
poral overshoot of 580 ppmCOz-eq, that the 2 C target is still within reach”.

If ECS is even lower, below 2 °C, then it is even easier to stay below the 2 °C
‘danger’ level. Further, for lower values of ECS, the planned emissions reductions
will have an even smaller impact on temperatures in 2100. Policy makers meeting
in Paris seem not to realize that there is large uncertainty in the values of equi-
liblrium climate sensitivity, and that there is growing evidence in support of lower
values.

Summary

The IPCC’s projections of 21st century climate change explicitly assume that CO,
is the control knob on global climate. Climate model projections of the 21st century
climate are not convincing because of:

Failure to predict the early 21st century hiatus in surface warming
Inability to simulate the patterns and timing on multidecadal ocean oscillations
Lack of account for future solar variations and solar indirect effects on climate

L]
L]
L]
e Apparent oversensitivity to increases in greenhouse gases

There is growing evidence that climate models are running too hot and that cli-
mate sensitivity to CO; is on the lower end of the range provided by the IPCC—
this is acknowledged in the IPCC AR5. Nevertheless, these lower values of climate
sensitivity are not accounted for in IPCC’s projections of temperature at the end of
the 21st century or in estimates of the impact on temperatures of reducing CO>
emissions.

While there is increasing evidence that the threat from human caused warming
in the 21st century is overstated, the level of uncertainty is such that the possibly
of dangerous human caused climate change remains. However, if the threat is not
overstated by the IPCC, there are major shortfalls in solutions proposed by the UN,
whereby proposed emissions reductions, even if actually successfully implemented,
are insufficient to prevent what they regard as dangerous climate change.

The broken social contract between climate science and society

Working through Congress, the public has been generous with its funding for cli-
mate and the related sciences. However, recent stresses have frayed the fabric of
the social contract between climate scientists and society.62 Unfortunately, many cli-
mate scientists have responded by resorting to advocacy, both for increasing funding
levels and for specific policies related to energy and climate. Even worse, too many
climate scientists have abandoned any pretense at nonpartisanship and objectivity.

Scientists advocating for CO, emissions reductions is becoming the default, ex-
pected position for climate scientists; an example is this Huffington Post editorial
“Curry Advocates Against Action on Climate Change”63 that was signed by five cli-
mate scientists. This op-ed was a response to my arguments for values of climate
sensitivity being on the low end of the IPCC spectrum. I am neither advocating for
or against ‘action’ in terms of reducing CO, emissions. My writings on the policy
response to climate change®* address frameworks for decision making under deep
uncertainty, including robust decision making and the concepts of resilience and
anti-fragility.

In their efforts to promote their ‘cause,” the scientific establishment behind the
global warming issue has been drawn into the trap of seriously understating the un-
certainties associated with the climate problem. This behavior risks destroying

61Kaya et al., 2015: The uncertainty of climate sensitivity and its implication for the Paris
negotiations. Sustainability Science Attp:/ /link.springer.com/article/10.1007 [ s11625-015-0339-
z?wt__mc=internal.event.1.SEM.ArticleAuthorOnlineFirst

62Hooke, W. 2015: Reaffirming the social contract between science and society. https://
eos.org [ opinions [ reaffirming-the-social-contract-between-science-and-society

63 hitp:/ | www.huffingtonpost.com | michael-e-mann [ judith-curry-climate-change b 6000636

.htm
64 https:/ | curryja.files.wordpress.com [ 2015 / 04 | house-science-testimony-apr-15-final.pdf
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science’s reputation for honesty and objectivity—without this objectivity and hon-
esty, scientists become regarded as merely another lobbyist group.

The biases of individuals are not an impediment to scientific progress if scholarly
institutions work to counteract the errors and flaws of scientific research. A fair
process of peer review and vigorous post-publication peer debate will quickly iden-
tify the most obvious errors and biases. Researchers having different perspectives
(including their values and political identities) will conduct their own research and
obtain opposing results, and the field will gradually sort out the truth.

This system works unless the institutions that support science—the professional
societies that publish journals, organize conference and confer honors—are them-
selves biased. Nearly all of the relevant professional societies have issued policy
statements about climate change, including statements such as ‘Human-Induced
Climate Change Requires Urgent Action’65 and ‘call to support actions that will re-
duce the emissions.”®¢ Even more egregious is overt advocacy by journal editors, no-
tably Marcia McNutt (editor of Science), who recently published this statement in
an opinion piece in Science®7: “The time for debate has ended. Action is urgently
needed.” Such official statements from the professional societies provide journal edi-
tors with a license to reject papers that challenge the consensus.

An even more insidious problem is when there is not a critical mass of scientists
who think differently or who shrink from speaking up because they expect ostracism
in response. Minority perspectives on climate science are effectively being squeezed
out of the universities, and dissenting individuals choose to join the private sector,
retire, join think tanks, or switch research topics. Climate science that dissents from
the consensus is increasingly being relegated to retired professors and self-sup-
ported individuals from other fields, who are asking important questions that aren’t
‘relevant’ to government research funding priorities.

While concerns about the behaviors and motives of scientists and the institutions
that support science are well founded, the other side of the social contract is at least
equally problematical. President Obama’s administration is using climate science to
support his political agenda, and is actively discouraging disagreement through con-
sensus enforcement, e.g., “Call Out The Climate Deniers.” 68 So under the current
administration, the social contract for climate science seems to be: support the con-
sensus and promote alarmism, and you will receive plenty of research funding.

The potential for Federal funding to bias science is discussed in this recent re-
port.® From my perspective, here is how research funding motivates what is going
on. ‘Success’ to individual researchers, particularly at the large state universities,
is driven by research dollars—big lab spaces, high salaries, institutional prestige,
and career advancement. At the Program Manager level within a funding agency,
‘success’ is reflected in growing the size of their program (e.g., more funding) and
having some high profile results (e.g., press releases). At higher levels, Divisional
administrators are competing for budget dollars against the other Divisions; tying
their research to a national policy priority helps in this competition. At the agency
level, ‘success’ is reflected in growing, or at least preserving, the agency’s budget.
Aligning yourself, your program, your agency with the current political imperatives
is a key to ‘success’.

It is very difficult to obtain Federal research funding for dissenting science. Dif-
ficulty in the peer review process is only part of the problem. One problem is re-
flected in an e-mail 70 I recently received from a scientist employed at NASA:

“I was at a small meeting of NASA-affiliated scientists and was told by our top
manager that he was told by his NASA boss that we should not try to publish
papers contrary to the current global warming claims, because he (the NASA
boss) would then have a headache countering the “undesirable” publicity”.

I hesitate somewhat to call out the NASA leadership here, since I think the bigger
problems are with the NOAA leadership. The biggest problem, however, is that the
call for proposals from the Federal funding agencies (notably NASA and NOAA)
make an implicit assumption of the dominance of human caused global warming in
the topics for which they are requesting research proposals.

Something is clearly wrong with the current contract between climate scientists
and society that is biasing the science and breeding scientists who are advocates,

65 http: [ [ sciencepolicy.agu.org/files /2013 /07 | AGU-Climate-Change-Position-Statement Au
gust-2013.pdf

66 hitp:/ |www.aps.org [ policy [ statements /15  3.cfm

67 hitp:/ | www.sciencemag.org | content /| 349 /6243 7.full

68 hitps: | |www.barackobama.com [ climate-change-deniers | #/

69 hitp:/ | object.cato.org | sites [ cato.org [ files | pubs | pdf | working-paper-29.pdf

70 http:/ [judithcurry.com [2015/10/ 12/ conflicts-of-interest-in-climate-science-part-ii /
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partisans and alarmist. And the taxpayer foots the bill. How can we press the ‘reset
button’ on all this?

First, we need to recognize that the politically driven push to manufacture a pre-
mature consensus on human caused climate change is biasing climate research, and
in particular is resulting in the relative neglect of research on natural climate varia-
bility. Until we have a better understanding and predictive capability of natural cli-
mate variability, we don’t have a strong basis for predicting the climate in the dec-
ades or century to come.

Second, we need to break the ‘knowledge monopoly’ 7! in climate science—the
IPCC. As a result of this knowledge monopoly, there is insufficient intellectual and
political diversity in assessments about climate change. To break this monopoly, we
need to identify new frameworks for encouraging, publishing and publicizing inde-
pendent ideas and assessments.

And finally, we need to find ways to fund a broader spectrum of research that
challenges the politically preferred outcomes.

SHORT BIOGRAPHY
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Senator CRUZ. Thank you very much, Dr. Curry.
Dr. Happer?
[Pause.]

STATEMENT OF WILLIAM HAPPER, Pu.D., CYRUS FOGG
BRACKET PROFESSOR OF PHYSICS, PRINCETON UNIVERSITY

Dr. HAPPER. My name is William Happer. I recently retired from
a career of 50 years of teaching physics at Princeton and Columbia
Universities.

As the Chairman mentioned, I served as Director of Energy Re-
search, Office of Energy Research in Department of Energy from
1990 to 1993. And among the other projects I supported there was
the Atmospheric Radiation Measurements Program, which is still
going strong with facilities all over the world to measure basic cli-
mate data.

"L https: | |www.esri.ie [ publications [ regulating-knowledge-monopolies-the-case-of-the-ipcc |
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After leaving the Department of Energy, I served as Princeton
University’s equivalent for vice president for research from 1995 to
2005. I guess I am best known in the scientific community for in-
venting the sodium guide star that is used on all modern telescopes
to compensate for atmospheric turbulence. So I have been very in-
volved with the atmosphere for a very long time.

There is all this talk about carbon pollution, which, of course, is
meant carbon dioxide pollution, and I would like to set the record
straight that carbon dioxide is not a pollutant. We are sitting in
this room breathing out carbon dioxide at 40,000 parts per million
with every breath.

We are fundamentally in a carbon dioxide famine, geologically
speaking, now. If you look at the geological history of the Earth,
most of the time CO; levels have been three times, four times what
they are now. The Earth was just fine then.

And in fact, at the present time, you know, many plants are hav-
ing a hard time performing as well as they are designed to perform
because the CO; levels are too low, and the oxygen levels are too
high. I won’t go into the details, but there is not much dispute
about that.

So the issue is not that CO, is a pollutant. It is actually very,
very good for the world. The issue is what will it do to tempera-
ture? And Dr. Christy very clearly showed and a version of his dis-
play is reproduced here, which is a figure from Nature magazine.
It is peer reviewed. Nature is anything but a skeptic journal.

But what it shows in dark bars are the predictions of various cli-
mate models of how much warming there would be over two time
intervals, a 10-year interval, and a 20-year interval. The red bar
is what is observed, and you notice that the observed warming is
much, much less than the predictions of climate models.

Dr. Christy’s chart was another version of that for the atmos-
phere, the lower atmosphere, and this is actually for surface data.
But the message is the same for both sets of data, that the climate
models on the basis of which we are making policy, do not work.

OK. So let me move on to the fact that CO; is a very important
part of life on Earth.

This picture shows the greening of the planet from 1982 to 2010.
And so this is satellite images of certain wavelength bands that
allow you to tell how much plant life there is, and what you see
is that over most of the Earth, contrary to what you might have
heard, is that the Earth is getting greener.

And this is also clear from crop yields. Crop yields are going up.
Some of that is fertilizer. Some of that is better cropping practices.
But a good fraction of it is CO5, 15 percent of the increase in crop
yields is due to the 30 percent increase of CO, we have had in the
}p;asiél 130 years. So to call CO; a pollutant is just completely wrong-

eaded.

Now I would like to conclude by supporting Dr. Christy’s urging
that we have a red team. I call it a Team B. Science is often so
complicated and controversial that unless you have some adver-
sarial process, you really can’t be sure who is right.

So, for example, when I was at Department of Energy, I didn’t
understand enough about nuclear weapons to know whether Liver-
more was right or Los Alamos was right. But I knew I could count
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on Livermore to catch any error in Los Alamos or vice versa. That
is the reason we had two labs. One could catch any mistakes made
by the other.

We don’t have two labs for climate. We have one organization,
one world organization, the IPCC. And funding agencies follow the
IPCC dogma. I would like to argue very strongly that we set aside
some fraction of funding for climate research that is not con-
strained to follow IPCC dogma.

If you have some proposed research that might show that CO;
is not such a big problem, you should be able to get funding. You
shouldn’t be last in line and turned away. That is the way it is in
many other areas of human life. Even to become a saint in the
Catholic Church, you have to pass a contested trial with a devil’s
advocate. You can’t be sainted without that.

So every other region, every other aspect of human life has an
adversarial process. This is the only area I know of where there is
nothing adversarial in the science.

And so I would like to second Dr. Christy’s request for a red
team. A Team B also would be a good idea to provide a rigorous
review of how well is science working. I know that there was re-
view of how well science works, that both Dr. Christy and Dr.
Curry took part in, by the American Physical Society. They did
very well, and the review represented both sides of the debate. It
was the only good review I know of. It was organized by Dr. Steve
Koonin.

And I noticed that when the list of organizations supporting cli-
mate alarmism was read, the one that wasn’t there was the Amer-
ican Physical Society. Maybe that was an oversight. I hope not. I
hope it was partly due to Dr. Curry and Dr. Christy because it was
a very informative workshop.

So let me conclude my testimony here, and thank you very much
for the invitation.

[The prepared statement of Dr. Happer follows:]

PREPARED STATEMENT OF WILLIAM HAPPER

My Experience

* 50 years as research physicist, on faculties of Columbia and Princeton
Universities, at Department of Energy and in JASON Group.

* Pioneering work in atmospheric physics. Inventor of “sodium guide
star” used on all modern telescopes to correct for atmospheric
turbulence.

* Over 200 peer-reviewed papers.
* VP for research at Princeton University.

* Funder of early climate models as Director of Office of Energy
Research at U.S. DOE from 1990 to 1993.
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I would like to express my thanks to Senator Cruz, Senator Thune, Senator Nel-
son and other members of this committee for inviting me to express my views at
this hearing on climate science.

My name is William Happer. I recently retired from a career of over fifty years
teaching physics at Princeton and Columbia Universities. I also served as the Direc-
tor of the Office of Energy Research, now the Office of Science, in the U.S. Depart-
ment of energy from the years 1990 to 1993, where I was responsible for all the
non-weapons basic research of the Department of Energy. In addition to areas like
high energy physics, materials science, the human genome and others, I had respon-
sibility for DOE’s work on climate science. During my time at DOE, my office estab-
lished the Atmospheric Radiation Measurement (ARM) Climate Research Facility,
with remote sensing observatories all around the world. The facility is still going
strong and providing high quality observational data on atmospheric physics.

After leaving DOE, I served as Princeton University’s equivalent of Vice President
for Research from 1995 to 2005. I have published over 200 peer-reviewed scientific
papers. Scientifically, I am probably best known for having invented the sodium
guide star, used by modern ground based telescopes to remove much of the blurring
of stellar images by atmospheric turbulence.

Carbon Dioxide Benefits the World

* Establishment climate models give much more warming than has
been observed over the past 20 years.

* The climate sensitivity, that is, the warming from doubling CO, is
probably in the range of 0.5° to 1.5°C.

* The sensitivity value makes all the difference. A low sensitivity value
means modest warming, that will be beneficial. Warming will occur
more at night than during the day and more during winter than
summer.

* Increasing CO, levels will make plants grow faster and be less
susceptible to drought. This will be a huge benefit to agriculture.

Along with other witnesses at this hearing, I hope to correct some misconceptions
about the trace atmospheric gas, carbon dioxide or CO,. In spite of the drumbeat
of propaganda, CO; is not “carbon pollution.” As part of my written testimony, I
have submitted the document, Carbon Dioxide Benefits the Word: See for Yourself.
This document summarizes the view of the CO, Coalition, a distinguished group of
scientists, engineers, economists and others. The benefits that more CO> brings from
increased agricultural yields and modest warming far outweigh any harm.

The key issue here is the equilibrium climate sensitivity: how much will the
earth’s surface eventually warm if the atmospheric concentration of CO; is doubled?
This number has been drifting steadily downward from a youthful Arrhenius’s first
estimate of about 6 C to the estimate of the International Panel on Climate change
(IPCC) of 1.5 C to 4.5 C. Observations of very small warming over the past 20 years
suggest that the sensitivity is unlikely to be larger than 2 C. There are credible esti-
mates that the sensitivity could be as small as 0.5 C.
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Climate Models Don’t Work; Red is Observed; Bars are Models
b
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Figure 1| Trends in global mean surface temperature. a, 1993-2012. b, 1998-2012. Histograms of

observed trends (red hatching) are from 100 reconstructions of the HadCRUT 4 dataset’. Histograms

of model trends (grey bars) are based on 117 simulations of the models, and black curves are smoothed
wersions of the model trends. The ranges of observed trends reflect observational uncertainty. whereas
the ranges of model trends refiect forcing uncertainty, as well as differences in individual madel responses
to external forcings and uncertainty arising from internal climate variability.

Fyfe etal., Mature Climate Change, Vol 3, p. 767, September 2013.

This slide shows that various mainstream climate models (the gray bars) have
predicted much more warming than observed (the red bars). For full disclosure I
add the warming predicted by me and my JASON colleagues in our book, The Long-
Term Impacts of Increasing Atmospheric Carbon Dioxide Levels, edited by Gordon
McDonald, Ballinger Publishing Company, Cambridge, MA (1982). My colleagues
and I also predicted far too much warming. The models don’t work. The most nat-
ural reason for this is that they have assumed climate sensitivities that are much
too large. Most of the models in the figure use climate sensitivities of 3 C to 3.5

Basic Facts Of CO, Fertilization Are
Undisputed

* Plants need CO, for photosynthesis. Plant growth rates and drought
resistance would benefit significantly from additional CO,.

* We can tell photosynthesis evolved during periods of much higher
CO, concentrations, because the great majority of photosynthetic
organisms (e. g., plants, algae) use the protein rubisco, which
functions best when CO, concentrations are higher and O,
concentrations are lower than those today.

* All trees, and many other plants, wheat, rice, soybeans, cotton, etc.

are handicapped because, by historical standards, there currently is
too little, not too much, CO, in the atmosphere.

Few realize that the world has been in a CO; famine for millions of years, a long
time for us, but a passing moment in geological history. Over the past 550 million
years since the Cambrian, when abundant fossils first appeared in the sedimentary
record, CO; levels have averaged many thousands of parts per million (ppm) not to-
day’s few hundred ppm [R. A. Berner and C. Kothavala, Geocarb: III, a revised
model of atmospheric CO; over the Phanerozoic time, American Journal of Science,
301, 182 (2001). Pre-industrial levels of 280 ppm (parts per million), are not that
far above the minimum level, around 150 ppm, when many plants die from CO star-
vation [J. K. Dippery, D. T. Tissue, R. B. Thomas and B. R. Strain, Effects of low
and elevated CO3 levels on C3 and C4 annuals, Oecologia, 101, 13 (1995)].
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Thousands of peer reviewed studies show that almost all plants grow better (and
land plants are more drought resistant) at atmospheric CO, that are two or three
times larger than those today.

Global Greening From CO, Fertilization: 1982-2010

R. ). Donchue, M. L. Roderick, T. R. McVicar, and G. D. Farquhar, Impact of CO2 fertilization on maximum foliage cover across
the glabe's worm, arid environments, Geophysical Research Letters, 40, 3031-3035 (2013).[Graphic courtesy of R. ).
Donohue]

This slide summarizes satellite measurements of vegetation changes over the 28-
year period from 1982 to 2010. The authors of the study have tried to eliminate any
influences rainfall changes or other confounding factors during the measurement pe-
riod. The earth is really getting greener, and an important part of the reason is
more atmospheric CO».

Since more CO, is beneficial, current US policies to
limit CO, emissions are harmful. The United States
needs a “Team B” to tell the whole story of CO,

There is only a “Team A,” the Intergovernmental Panel on Climate Change (IPCC) that produces “science™
that supports government policies to limit CO, emissions. IPCC reports to the United Nations, not to the
American people. Groupthink is inevitable in ihe PCC.

.

.

The USA needs a "Team B,” cha!‘ged with producing an unbiased assessment of the effects, favorable as well
as unfavorable, of more CO A few analogous situations are:

Team B assessment of the Soviet threat in 1976.

Los Alamos vs. Livermore Nuclear Weapons Laboratories.

National Defense Panel (NDP) versus Quadrennial Defense Review (QDR).
Senate vs. House (as envisaged by the framers of the US Constitution).

CREC R

For many decades the citizens of the USA and of much of the world have been
flooded with the message that CO- is “carbon pollution.” We are supposed to trust
our government and selfless NGO’s for instructions on how to save the planet. Much
of the message is false, but its purveyors control key positions in the media, in the
government, in scientific societies, in charitable foundations etc. This makes it dif-
ficult to get out the truth that climate science is far from “settled.” To the extent
it is settled, it indicates no cause for alarm or for extreme measures. Indeed, a dis-
passionate analysis of the science indicates that more CO, will bring benefits, not
harm to the world.

The Congress could help by establishing a “Team B” to make a dispassionate re-
view of climate science, with sponsorship by the Federal Government.
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Team B must be sponsored by the US Government

* Much of the US public has a touching faith in science sponsored by
the US government. Any sponsor other than the government would
expose Team B to charges of conflicts of interest.

* Team B must report directly to the government, and not be managed
by the scientific societies, NAS, AAAS, APS, ACS, etc. The leaderships
of nearly all these organizations have uncritically endorsed the IPCC,
to the disgust of much of their membership.

* The Congress must be involved in the selection of the leadership of
Team B to avoid co-option by the climate establishment.

For credibility, it is essential that Team B be sponsored by the Federal Govern-
ment. Otherwise there would be vigorous attempts to ignore any findings not consid-
ered politically correct, because the team members would be said to be working di-
rectly or indirectly for fossil fuel interests.

CARBON DIOXIDE BENEFITS THE WORLD: SEE FOR YOURSELF

Preface

This white paper summarizes the views of the CO, Coalition, a new and inde-
pendent, non-profit organization that seeks to engage thought leaders, policy mak-
ers, and the public in an informed, dispassionate discussion of how our planet will
be affected by CO, released from the combustion of fossil fuel. Available scientific
facts have persuaded Coalition members that additional CO, will be a net benefit.
Rather than immediately setting this document aside for promoting such a politi-
cally incorrect view, readers would do well to act on the ancient motto of Britain’s
prestigious Royal Society—nullius in verba, “don’t take anyone’s word for it,” or
more simply, “see for yourself.”

Claims that “97 percent of scientists” agree that a climate catastrophe is looming
because of the emission of CO, should be greeted with skepticism. Traditional
science has advanced by comparing observations or experiments with theoretical
predictions. If there is agreement with theory, confidence in the theory is increased.
If there is disagreement, the theory is abandoned or it is modified and tested again
against observations.

Scientific truth has never been established by consensus, for example, by “97 per-
cent agreement.” History reveals many instances when the scientific consensus of
the day was later discredited. The widespread embrace and practice of eugenics in
the early 1900s; opposition to the theory of plate tectonics in geology; and the domi-
nance of Lysenkoist biology in the Soviet bloc, are a few recent examples. Given the
frequency of mistaken consensus, citizens everywhere should heed the Royal Soci-
ety’s motto and learn as much as they can about how increasing CO; levels in the
atmosphere will affect the planet.

1. Overview

Green plants grow faster with more CO,. Many also become more drought-resist-
ant because higher CO levels allow plants to use water more efficiently. More
abundant vegetation from increased CO; is already apparent. Satellite images re-
veal significant greening of the planet in recent decades, especially at desert mar-
gins, where drought resistance is critical. This remarkable planetary greening is the
result of a mere 30 percent increase of CO; from its preindustrial levels. Still higher
CO: levels will bring still more benefits to agriculture.

Plants use energy from sunlight to fuse a molecule of CO, to a molecule of water,
H,0, to form carbohydrates. One molecule of oxygen O is released to the air for
each CO: molecule removed. Biological machinery of plants reworks the carbo-
hydrate polymers into proteins, oils and other molecules of life. Every living crea-
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ture, from the blooming rose, to the newborn baby, is made of carbon from former
atmospheric CO2 molecules. Long-dead plants used CO, from ancient atmospheres
to produce most of the fossil fuels, coal, oil, and natural gas that have transformed
the life of most humans—moving from drudgery and near starvation before the in-
dustrial revolution to the rising potential for abundance today.

The fraction of the beneficial molecule CO, in the current atmosphere is tiny,
about 0.04 percent by volume. This level is about 30 percent larger than pre-indus-
trial levels in 1800. But today’s levels are still much smaller than the levels, 0.20
percent or more, that prevailed over much of geological history. CO; levels during
the past tens of millions of years have been much closer to starvation levels, 0.015
Fercent, when many plants die, than to the much higher levels that most plants pre-
er.

Basic physics implies that more atmospheric CO, will increase greenhouse warm-
ing. However, atmospheric processes are so complicated that the amount of warming
cannot be reliably predicted from first principles. Recent observations of the atmos-
phere and oceans, together with geological history, point to very modest warming,
about 1 C (1.8 F) if atmospheric CO; levels are doubled.

Observations also show no significant change in extreme weather, tornadoes, hur-
ricanes, floods, or droughts. Sea levels are rising at about the same rate as in cen-
turies past. A few degrees of warming will have many benefits, longer growing sea-
sons and less winter heating expenses. And this will be in addition to major benefits
to agriculture.

More CO; in the atmosphere is not an unprecedented experiment with an unpre-
dictable outcome. The Earth has done the experiment many times in the geological
past. Life flourished abundantly on land and in the oceans at much larger CO> lev-
els than those today. Responsible use of fossil fuels, with cost-effective control of
genuine pollutants like fly ash or oxides of sulfur and nitrogen, will be a major ben-
efit for the world.

2. Introduction

Around the year 1861, John Tyndall, a prominent Irish physicist, discovered that
water vapor (H20), carbon dioxide (CO2), and many other molecular gases that are
transparent to visible light can absorb invisible heat radiation—such as that given
off by a warm tea kettle, the human body, or the Earth itself. Tyndall recognized
that water vapor is the dominant greenhouse gases in the Earth’s atmosphere, with
CO: a less important contributor.!

Tyndall’s discovery came as the combustion of coal in the Industrial Revolution
was beginning to release substantial amounts of CO,. These emissions have coin-
cided with a steady increase of atmospheric CO,, from around 285 ppm (parts-per-
million) in the 1860s to around 400 ppm today.

Increased CO; levels have likely produced some warming of the Earth and will
continue to do so in the future, although with ever decreasing efficiency because of
the “logarithmic” dependence of warming on CO concentrations, an important de-
tail discussed more extensively below. At the same time, more CO, will have a
hugely beneficial effect on agriculture, forests and plant growth in general. The ben-
efits of more CO, will greatly exceed any harm.2
3. Key Findings

Mainstream warming forecasts have been wrong. Over the past two decades, the
global warming predicted by climate models has mostly failed to materialize. The
real “equilibrium climate sensitivity”—the amount of global warming to be expected
for a doubling of atmospheric CO>—is likely to be about three times smaller than
what the models have assumed. Observational data suggest that doubling atmos-
pheric CO; levels will increase the surface temperature by about 1 C, not the much
larger values that were originally assumed in mainstream models. Using these
much smaller, observationally based climate sensitivities, the projected warming
from continued use of fossil fuels will be moderate and benign for the foreseeable
future

Negative effects of more CO, have been exaggerated. Readily available data from
governmental and reliable non-governmental sources confirm that extreme weather
events in recent years have not occurred more frequently or with greater intensity.
Such data also refute claims of ecologically damaging ocean acidification, accel-
erating sea-level rises, and disappearing global sea ice and other alleged dangers.
I{l further observations confirm a small climate sensitivity, these realities will not
change.

Higher carbon-dioxide levels will be beneficial. CO2 is an essential nutrient for
land-based plants. The Earth’s biosphere has also experienced a relative CO, famine
for many millennia—the recent increase in CO; levels has thus had a measurable,
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positive effect on plant life. Future CO; increases will boost agricultural productivity
and improve drought resistance, thereby bolstering food security and contributing
to a greener, lusher planet.

4, Global Warming: The Neglected Facts

Most research that tries to project future climate has focused on developing and
applying complex computer models that attempt to simulate the Earth’s climate sys-
tem. These models have sought to explain past climate and have been used to cal-
culate various future global and regional climate scenarios. These future climate
scenarios have, in turn, prompted policy proposals that would reduce future emis-
sions—thereby, according to the models, limiting future global warming, though ad-
mittedly at the cost of reducing future global economic development.

This emphasis on computer model forecasts has been very costly, with many tens
of billions of dollars invested but has failed to accurately predict the Earth’s climate:
the United Nations Intergovernmental Panel on Climate Change’s (IPCC) estimates
of the critical parameter, the equilibrium climate sensitivity, for example, have not
become more precise over the past 25 years. Figure 1 summarizes the IPCC’s find-
ings, as documented in its five comprehensive research reports released over more
than three decades, as well as the findings of two major pre-IPPC research reports.
Since scientific research is generally aimed at reducing uncertainty, the lack of
progress over more than three decades is extremely unusual.

Figure 1. Key Findings, IPCC and Pre-IPCC Climate Reports*

Date Source Confidence in Attribution uilibrium Cli
Sensitivity [CI
1896 & 1938 | Arrhenius / Callendar aneen =55
1979 Charney Report e 15-4.5 \
1990 IPCCFAR No quantification of anthropogeny 15-45 \
contribution to warming (best guess = 2.5)
19%6 IPCC SAR The balance of evidence suggests fo | 1.5-4.5
discernible human influence on climate. (best guess = 2.5)
2001 IPCCTAR Human-emitted greenhouse gases dre | 1.5-4.5

likely (67-90% chance) responsible [for
more than half of Eorth’s temperatfre
increase since 1951.
2007 IPCC AR4 Human-emitted greenhouse gases are 2 =55

very likely [at least 90% chande) | (>66% chance correct)
responsible for more than half of Eart

temperature increase since 1951. .
2013 IPCC ARS Human-emitted greenhouse gases are 15-45

extremely likely (ot least 95% chance)

responsible for more than half of Earth’s

temperature increase since 1951.

*In Figure 1, the far-right column lists successive estimates of the range of the equilibrium
climate sensitivity (the “doubling sensitivity,” in IPCC reports and two pre-IPCC reports). Ex-
tensive research over time nearly always reduces uncertainty; so this lack of progress is rare.

Source: American Physical Society Climate Change Statement Review framing document
(2015), http:/ /www.aps.org [ policy | statements [ upload | climate-review-framing.pdf.

In science, observational data are the ultimate test of theory and modeling. Cli-
mate data show significant divergence between computer predictions and the
Earth’s actual climate record. Figure 2 shows average global temperature changes
during 1995-2015, as provided by NASA satellite data: despite a 13 percent increase
in atmospheric CO; levels during this period, there is no statistically discernible
warming trend.3 The climate record is thus at odds with the IPCC’s Third (2001)
and Fourth (2007) Assessment Reports’ forecasts.# During this 20-year period, the
Earth’s atmosphere warmed by only 0.05 C;5 but computer models predicted a far
more dramatic 0.4 C rise in global temperature.®
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Figure 2. Global Temperature Change as Measured by Satellite, 1995-2015"
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*NASA satellite data for the temperature of the Earth’s lower troposphere for the 20-year pe-
riod 1995-2014. Monthly global temperature is shown relative to the 1981-2010 base-period av-
erage. Despite month-to-month fluctuations, there has been little—or zero—global warming dur-
ing this period.

Source: Roy W. Spencer, Earth Systems Science Center, University of Alabama at Huntsville.

Figure 3 compares various climate forecasts—specifically, 102 computer climate
models used by the IPCC—with the actual change in average tropical atmospheric
temperature during 1979-2013, as measured by balloon and satellite. Why focus on
tropical atmospheric temperature? Because the Earth’s tropical surface and tropo-
sphere, the lowest layer of the atmosphere, receive a major portion of the planet’s
incoming solar energy. The rising warm, humid air from the oceans and rain-forests
that cover much of the tropics should lead to especially large warming of the middle
troposphere. As Figure 3 demonstrates, actual temperature changes differ dramati-
cally from those predicted by models: the average computer model forecast warming
of a full 1 C for the period 1979-2013; in reality, only 0.2 C (at most) has been ob-
served.

Figure 3. Average Change in Tropical Atmospheric Temperature, Forecasts
v. Actual, 1979-2013"
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7
0.6 -
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Temperature Change Since 1979 (°C)

0.0

-0.3 T T T T T T T T T
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* As measured by satellite and balloon, from the Earth’s surface to an altitude of 50,000 feet.
Forecasts extend to 2024.

Source: https:/ /science.house.gov /sites republicans.science.house.gov / files | documents | HHRG-
113-SY18-WState-JChristy-20131211.pdf
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Figure 4 shows CO; concentration measured at Hawaii’s Mauna Loa: the long-
term rise in CO2 has seasonal oscillations caused mostly by removal of CO, from
the air of the northern hemisphere by growing land plants during the summer; and
by release of CO> during the winter, when respiration of CO, by the biosphere ex-
ceeds its removal by photosynthesis.

Figure 4. Atmospheric Concentration of CO,, 2011-15"
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*Annual CO; oscillations represent seasonal variations in the biosphere. The annual growth
rate (black line) averages about 2 ppm annually. Annual growth, according to the IPCC, ac-
counts for only about half of CO, emissions from human activities; the other half is naturally
absorbed by oceans and land.

Source: National Oceanic and Atmospheric Administration

The failure of computer models to reliably predict future temperatures has created
a growing awareness that such models are fundamentally flawed—and have greatly
exaggerated past and future anthropogenic (man-made) global warming.” Indeed,
there is good reason to believe that any future anthropogenic warming will be far
smaller than projected by the IPCC’s models. The best available evidence suggests
that the equilibrium doubling sensitivity, the final warming of the surface in re-
sponse to doubling atmospheric COy, is closer to 1 C than to the “most likely” 3 C
of mainstream climate models.

The best available evidence also suggests that—despite two periods of 20th cen-
tury warming, as well as a steady increase in atmospheric CO>—the frequency of
extreme weather events has not risen. And the rise in sea levels has been modest.
“Ocean acidification,” a slight decrease of the alkalinity of the oceans by a few
tenths of a pH unit, will be much less than variations of pH with location, depth
and time in today’s oceans. Such facts do not support widespread predictions of im-
minent planetary catastrophe from rising CO, levels. Numerous studies suggest
that a modestly warmer Earth with more atmospheric CO2 will be good for all living
things.8

4. Benefits of More Carbon Dioxide

Pure CO; gas is chemically inert, transparent, colorless, and odorless. On a cold
winter day, chilled air often condenses the water vapor of human breath—of which
4 to 5 percent is CO,—into visible fog. Such fog, however, is not CO,. Similarly,
water vapor often condenses into clouds of steam over fossil-fuel power plants, cre-
ating the impression of smoke. Such steam clouds are not COo, either.

Of every million air molecules in today’s atmosphere, 400 are CO,. This average
masks wide variation. For example, without strong ventilation, CO; levels in crowd-
ed indoor spaces, such as classrooms, courtrooms, and trains, commonly reach 2,000
ppm—with no clinically documented ill effects to people. The U.S Navy strives to
keep COz levels in its submarines below 5,000 ppm.°®

On a calm summer day, CO, concentrations in a cornfield can drop to 200 ppm,
as the growing corn consumes the available CO..10 At a concentration of about 150
ppm or less, many plants die of CO; starvation.!! The differences between the peak
winter CO- levels and minimum summer CO; levels, measured at Hawaii’s Mauna
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Loa volcano (Fig. 4), have increased over the past 50 years. This is believed to be
due a global expansion of forests and other plant life.

That Earth has experienced a CO; “famine” for millions of years is also not widely
known. As illustrated in Figure 5, in the 550 million years since the Cambrian pe-
riod—when abundant fossils first appeared in the sedimentary record—CO; levels
have averaged many thousands of ppm, that is, much larger than the CO, level of
400 ppm today.12

Figure 5. CO; Levels on Earth: A Long View"
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*CO; estimates during the Earth’s Phanerozoic era are derived from fossil records in sedi-
mentary rocks. A typical Phanerozoic CO> level is about 1,500 ppm, considerably higher than
today’s 400 ppm.

Source: Berner and Kothavala

All animals, including humans, owe their existence to green plants that use en-
ergy from sunlight to convert CO2 and water molecules into carbohydrates, releasing
oxygen into the atmosphere in the process. Land plants get the carbon they need
from CO; in the air, and they obtain other essential nutrients from the soil. Just
as plants grow better in fertilized, well-watered soils, they grow better with CO
concentrations several times higher than the Earth’s current level.l3 For this rea-
son, additional CO; is often pumped into greenhouses to enhance plant growth.14

Figure 6 illustrates the effect of various levels of CO, on the growth of sour or-
ange trees. Because the growth rate of plants is proportional, on average, to the
square root of CO2 concentration, doubling atmospheric CO, will increase green
plant growth by 40 percent—a boon for crop productivity and, thus, for global food
security.
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Figure 6. CO.’s Effect on Growth of Sour Orange Trees”

350
March
_ to May
8 300 -
%
E May to
© 250 October
2
o
2 200 -
2
[=2]
@
= 150 -
E
2 100
= October
E‘ 50 - to March
0 T T T T T 1
0 400 500 600 700 800 900

CO:z Concentration (parts per million)

* Measured dry weight of above-ground biomass produced by sour orange trees between speci-
fied sequential coppicing dates; and mean atmospheric CO, concentration. Figure 6 is a particu-
larly dramatic example of the CO; fertilization effect.

Source: Idso and Kimbal

CO2’s nutritional value is only part of its benefit for plants. No less important is
COy’s contribution to making plants more drought-resistant: plant leaves are per-
forated by stomata, surface holes that allow CO; to diffuse from the atmosphere into
the leaf’s interior, where they are photosynthesized into carbohydrates. Depending
on the relative humidity of the outside air, as many as 100 H>O molecules can dif-
fuse out of the leaf for each CO, molecule that diffuses in. This is why most land
plants need at least 100 grams of water to produce one gram of carbohydrate.

The 30 percent increase in atmospheric CO» during the 20th century boosted crop
productivity by around 15 percent. Continued improvements in crop variety, fer-
tilizer, and water management—coupled with higher CO, levels—will strengthen
food security in large parts of Africa and Asia where hunger remains widespread.

Figure 7 shows how the Earth is getting greener. The study from which the image
is drawn analyzed plant growth at desert margins and other semi-arid areas and
found an 11 percent net growth in foliage ground cover during 1982-2006—growth
attributed to improved water-use efficiency arising from higher atmospheric CO>
levels.’> The study’s authors conclude: “Our results con&filig;rm that the antici-
pated CO; fertilization effect is occurring alongside ongoing anthropogenic perturba-
tions to the carbon cycle and that the fertilization effect is now a signi&filig;cant
land surface process.” As CO; levels continue to rise, the Earth will grow greener
and agricultural yields will continue to increase, with additional contributions from
better varieties, improved cropping practices, more efficient use of fertilizer, and
other factors.
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Figure 7. Greening of the Earth, 1982-2006"
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* Percentage change in foliage cover as revealed by satellite.
Source: Donohue et al

5. The Developing World

Developing nations in Asia, Africa, and Latin America will need enormous in-
creases in low-cost energy to power their economic development and lift their citi-
zens out of poverty. Fossil fuels—notably coal, natural gas, and oil—which currently
supply more than 80 percent of the world’s energy, will remain indispensable. As
countries grow more affluent, they will also acquire greater means to reduce pollu-
tion. Indeed, it is precisely the wealth unleashed by industrialization that enables
societies to invest in modern technologies and other practices that clean up the envi-
ronment.

Further, the best available evidence suggests that current levels—and forseeable
future increases—of carbon dioxide are not only harmless, but are indeed beneficial
to plants and humans. Quixotic policies to supposedly limit global warming, by mak-
ing fossil fuels prohibitively expensive, would condemn much of humanity to wretch-
ed conditions unimaginable in developed nations

6. Initial Members of the CO- Coalition

BELL, Larry: Launched the research and education program in space architecture
at the University of Houston and author of Climate of Corruption: Politics and
Power Behind the Global Warming Hoax.

COHEN, Roger, PhD in physics, Rutgers University, Fellow of the American
Physical Society. Former Senior Scientist ExxonMobil

EVERETT, Bruce, Faculty Tufts University’s Fletcher School, over forty years of
experience in the international energy industry.

HAPPER, William is Cyrus Fogg Brackett Professor of Physics (emeritus) at
Princeton University, former Director of the Office of Energy Research Director of
Research, U.S. Department of Energy, Member National Academy of Sciences.

HARTNETT-WHITE, Kathleen: Distinguished Senior Fellow in Residence and
the Director of the Armstrong Center for Energy and the Environment (CEE) at the
Texas Public Policy Foundation.

IDSO, Craig: Founder and Chairman of the Center for the Study of Carbon Diox-
ide and Global Change, Member of the American Association for the Advancement
of Science, American Geophysical Union, and the American Meteorological Society.

LINDZEN, Richard: emeritus, Alfred P. Sloan Professor of Meteorology, Member
of National Academy of Sciences, author of numerous papers on climate and meteor-
ology.

MICHAELS, Pat: director of the Center for the Study of Science at the Cato Insti-
tute, a past president of the American Association of State Climatologists, former
Virginia state climatologist, program chair Committee on Applied Climatology of the
American Meteorological Society.
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MILLS, Mark: senior fellow Manhattan Institute, CE?0 Digital Power Group, a
tech-centric capital advisory group. He is also a Faculty Fellow McCormick School
of Engineering and Applied Science at Northwestern University.

MOORE, Patrick: Co-founder, Chair, and Chief Scientist of Greenspirit Strategies,
a Vancouver-based consulting firm on environmental and sustainability issues,
founding member of Greenpeace (nine years as president of Greenpeace Canada and
seven years as a director of Greenpeace International).

NICHOLS, Rodney: former President and Chief Executive Officer of the New York
Academy of Sciences; Scholar-in-Residence at the Carnegie Corporation of New
York, Executive Vice President of The Rockefeller University, R&D manager Office
of the Secretary of Defense.

O’KEEFE, William: Chief Executive Officer of the George C. Marshall Institute;
founder of Solutions; Executive Vice President and Chief Operating Officer Amer-
ican Petroleum Institute, Chief Administrative Officer of the Center for Naval Anal-
yses.

ROGERS, Norman: founder of Rabbit Semiconductor Company, Policy Advisor to
The Heartland Institute and a member of the American Geophysical Union and the
American Meteorological Society.

SCHMITT, Harrison: PhD in Geology from Harvard University, Astronaut and
last man to walk the moon (Apollo 17), Adjunct Professor of Physics at the Univer-
sity of Wisconsin-Madison, and former U.S. Senator from New Mexico.

SPENCER, Roy: Climatologist, Principal Research Scientist at the University of
Alabama in Huntsville; served as Senior Scientist for Climate Studies at NASA’s
Marshall Space Flight Center; Co-Developer of satellite temperature measurement
system.

STEWARD, Leighton: Geologist; Environmentalist; Author; Chairman of Plants
Need COs.org; Chairman of the Board of The Institute for the Study of Earth and
Man at SMU, past Chairman of the National Wetlands Coalition, twice Chairman
of the Audubon Nature Institute.

YAPPS-COHEN, Lorraine: M.S. in chemistry and an M.B.A. in marketing, former
communications & marketing manager ExxonMobil, columnist for the Examiner
newspapers.
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Senator CRUZ. Thank you, Dr. Happer, for being here.

And I will say the one thing on which I think we can all agree
is that no Members of Congress will be made saints at any time
in the foreseeable future.

[Laughter.]

Senator CRUZ. And Mr. Steyn?

STATEMENT OF MARK STEYN,
INTERNATIONAL BESTSELLING AUTHOR

Mr. STEYN. Thank you. Thank you, Senator Cruz.

I am not a scientist. I am an author, and I am also one of the
7 billion people on this planet that the governments assembled in
Paris currently are presuming to determine the future of. So I have
an interest in that as much as anybody else.

I have listened to the examples that Senator Peters and Senator
Nelson gave of toxic infestation in Michigan water and tidal flood-
ing in the streets of Miami Beach. Nothing agreed at Paris is going
to do anything for that.

If you expect the agreement at Paris to end the tidal flooding in
Miami Beach, you are going to be waiting a long time. So if you
want to do something about the tidal flooding in Miami Beach, the
Mayor of Miami Beach and the Governor of Florida are the guys
who should get together and do it.

This body is called the Subcommittee, I believe—the full name—
on Science, Space, and Competitiveness. And the most important
competitiveness in any healthy society is competitiveness in ideas.
That is how ideas are tested, and that is how good ideas win out
over bad. And only a very weak idea demands that it must be pro-
tected from any criticism.

Professor Ivar Giaever, the Nobel Prize winner—by the way,
when I say he is a Nobel Prize winner, I mean he is a real one.
He won the Nobel Prize in physics in 1973. Not a fraudulent Nobel
Prize winner like, unfortunately, large members of Rear Admiral
Titley’s faculty—Michael Mann, Richard Alley, William
Easterling—all of whom have falsely claimed to be Nobel Prize
winners on an industrial scale, as have many other climate sci-
entists.

There has never been a misrepresentation of credentials on this
scale. It used to be a very serious business. But apparently, it is
not when your cause is “saving the planet.” But it is a revealing—
it is this misrepresentation of credentials by people falsely claiming
to be Nobel laureates is revealing. It gets to the heart of the prob-
lem here that they are attempting to cloak the science in an au-
thority that it does not, in fact, possess.

At any rate, Professor Giaever compared the global warming or-
thodoxy to a hypothesis that you are not allowed to question. And
it has gone beyond that in recent years. It is not only that you are
not allowed to falsify the hypothesis, that the hypothesis is not, in
fact, falsifiable, but that if you do, you suffer very serious con-
sequences.

Professor Christy and Professor Curry are very brave individ-
uals, and they were very mild in their remarks about what Con-
gressman Grijalva did when he sent out a disgraceful letter that
no citizen representative in a parliament of a free society should
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be sending out to free individuals, demanding things like hotel ex-
penses and e-mail communication going back a decade. It was an
absolutely disgraceful letter, and it represents the next stage of big
climate enforcement.

Your colleague Senator Whitehouse has called for the RICO laws,
laws about racketeering, to be used against those who disagree
with him on climate science. When you need that, you are not—
you are not dealing with science. You are effectively enforcing a
state ideology.

The Attorney General of New York is currently using securities
law to do an end run around the First Amendment to chastise en-
emies of his who do not agree with him on the climate science.
This—to take a milder example, Rear Admiral Titley has said that
it is time—when it comes to global warming, it is time for the poli-
ticking to stop.

Well, when you are calling for the politicking to stop, that is
itself politicking, such as the Democrats on this committee who ap-
peared at a press conference a couple of hours ago under a sign
saying, “The debate is ended.” I learned from Canada in the battle
I fought over free speech that Senator Cruz mentioned, I learned
to always listen very carefully when someone is telling you to shut
up.
And although Rear Admiral Titley and the Democrat Senators
are doing it far more politely than Senator Whitehouse and Con-
gressman Grijalva and the Attorney General of New York, what
they are telling you is that this idea is so weak, it cannot be sub-
jected to the normal vigorous debate of free society.

So I thank this subcommittee for allowing at least to recognize
that there is a divergence of opinion. The science is not settled, and
the climate system of this planet is too complex for the slogans of
cartoon climatology we are currently seeing in Paris.

Thank you very much.

[The prepared statement of Mr. Steyn follows:]

PREPARED STATEMENT OF MARK STEYN, AUTHOR

My name is Mark Steyn. I am not a scientist. I am an author. My main interest
in climate science is that Michael E Mann, the inventor of one of its most notorious
artifacts, is suing me for “defamation of a Nobel Prize winner’—a crime that I was
not aware existed, especially in his case, as according to the Nobel Institute he is
not a Nobel Prize winner. So I recently edited a book about it called “A Disgrace
to the Profession”: The World’s Scientists—in Their Own Words—On Michael E
Mann, His Hockey Stick, and Their Damage to Science, Volume One—which I'm
proud to say was Number One on the Climatology Hit Parade. I have been Number
Four on the Amazon books chart, and Number Seven on the Amazon easy-listening
chart, and earlier this very month the Number One Amazon jazz vocalist, but I had
no idea there was also a climatological bestseller list. Still, 'm happy my book was
credible enough to get to the top of it.

That said, at a hearing on “Data or Dogma?”, given the distinguished scientists
here to address the data, I thought I should confine myself mostly to the dogma.

The Climate of Fear

In the three years that I have been ensnared in the dysfunctional court system
of the District of Columbia, I have come to know well what I call the “climate of
fear” within climate science. Professors Christy, Curry and Happer are sufficiently
eminent that they can, just about, bear the assault the Big Climate enforcers mount
on those who dissent from the dogma—although that assault is fierce and unrelent-
ing. If you’re a professor emeritus, you're told you're senile. If you're one of the few
women in this very male field, you're told you're whoring for Big Oil: The aforemen-
tioned Michael Mann of Penn State, who is too cowardly to be here today and has
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instead sent his proxy, approvingly linked to an Internet post accusing Dr Curry
of sleeping with me. This is how a supposedly distinguished climate scientist treats
those who disagree with him. On May 13th last year I wrote:

It’s always fun in a legal battle to have something bigger at stake than a mere
victory. In Canada, we put the ‘human rights’ system itself on trial, to the point
where the disgusting and indefensible ‘hate speech’ law Section 13 was eventually
repealed by Parliament. It seems to me that in this particular case the bigger issue
is the climate of fear that Mann and his fellow ayatollahs of alarmism have suc-
ceeded in imposing on an important scientific field.t

The very next day the distinguished 79-year-old Swedish climatologist Lennart
Bengtsson was forced to resign from a dissident climate group after the Big Climate
enforcers took the hockey stick to him in the back alley. He had agreed to partici-
pate in a group headed by Nigel Lawson. Some of you may know Lord Lawson per-
sonally. He was Chancellor of the Exchequer in Mrs Thatcher’s ministry in the
United Kingdom. He’s nobody’s idea of a fringe madman: He’s a member of the
House of Lords, a Privy Counselor; his daughter is a popular celebrity chef on Amer-
ica’s Food Network; his fellow trustees include a bishop of the Church of England,
a former private secretary to the Queen, and an advisor to two Prime Ministers
from the Labour Party. But they disagree with the tight little coterie of climate
alarmists, and so Lennart Bengtsson could not be permitted to meet with them. As
Professor Bengtsson wrote:

I have been put under such an enormous group pressure in recent days from all
over the world that has become virtually unbearable to me. If this is going to
continue I will be unable to conduct my normal work and will even start to
worry about my health and safety. I see therefore no other way out therefore than
resigning from GWPF. I had not expecting such an enormous world-wide pres-
sure put at me from a community that I have been close to all my active life.
Colleagues are withdrawing their support, other colleagues are withdrawing
from joint authorship etc. I see no limit and end to what will happen. It is a
situation that reminds me about the time of McCarthy. I would never have ex-
pecting anything similar in such an original peaceful community as meteorology.
Apparently it has been transformed in recent years.?

Because it’s no longer about “meteorology”, it’s about saving the planet. Bengtsson
was a former director of the Max Planck Institute of Meteorology, winner of the
Descartes Prize and a WMO prize for groundbreaking research, and even a friend
and collaborator of Mann’s at scientific conferences. But he made the mistake of,
ah, seeking to expand his circle of climate acquaintances, and so Michael Mann now
sneeringly dismisses him as “junk science.”3 Nate Silver is the hipster statistician
who correctly predicted the 2012 election and then set up his own “5638” website
dedicated to “data journalism”—just the data, the facts, the numbers, the analysis
. . . But, when Mr Silver made the mistake of hiring Professor Roger Pielke Jr,
then Michael Mann and Kevin Trenberth were obliged to explain to him that these
considerations do not apply to climate science.# So Nate Silver fired Professor
Pielke—who has now withdrawn from all climate research. When Professor Willie
Soon co-authored a paper earlier this year on why the turn-of-the-century climate
models all turned out wrong, the Big Climate heavies did not attempt to refute the
paper, but instead embarked on a campaign to get him fired from the Harvard-
Smithsonian Center for Astrophysics.

For every Judith Curry or Willie Soon or Lennart Bengtsson, there are a thou-
sand lesser names who see what happens to even the most distinguished people in
their field and decide to keep their heads down. Professor Ivar Gievar recently spoke
out against, among other things, the recent adjustment of figures by NASA—an
agency overseen by this sub-committee—at the annual meeting of Nobel Laureates
in Lindau. Professor Gievar is a Nobel Laureate. A real Nobel Laureate, I mean,
not a fake one like Michael Mann, Kevin Trenberth and many other climate sci-
entists who falsely claim to be Nobel Prize winners on the grounds that the IPCC
was awarded the Nobel Peace Prize in 2007, and they once contributed to an IPCC
report. Mann falsely claimed to be a Nobel Prize winner on his book jacket, on his
website, in his court complaint about me—even though the Nobel Institute told him
he wasn’t a Nobel Prize winner and he should cut it out. But this serial misrepre-
sentation of credentials by Mann, Trenberth and others is also part of their intimi-
dation technique. If youre a real Nobel Laureate like Ivar Giaever, who won the

1http:/ |www.steynonline.com | 6333 | michael-e-mann-liar-cheat-falsifier-and-fraud

2 hitp:/ | klimazwiebel.blogspot.com.au | 2014/ 05 | lennart-bengtsson-leaves-advisory-board.html
3 hitps:/ [ twitter.com | MichaelEMann [ status /| 467310861237760000

4 http:/ [judithcurry.com /2014 /03 /20 / nate-silvers-538-inconvenient-statistics /
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1973 Nobel Prize in Physics, or if you’re older, tenured and sufficiently eminent, you
can just about withstand the Big Climate enforcers jumping you in the parking lot
and taking the hockey stick to you.

But, if you’re a younger scientist, you know that, if you cross Mann and the other
climate mullahs, there goes tenure, there goes funding, there goes your career. I've
beerlldstunned to learn of the very real fear of retribution that pervades the climate
world.

When I look at what has happened to those who speak out, I recall the wise words
of Stephen McIntyre:

As a general point, it seems to me that, if climate change is as serious a problem
as the climate ‘community’ believes, then it will require large measures that need
broadly based commitment from all walks of our society.5

Mr Mclntyre is exactly right: If we take Big Climate at their word that the entire
global economy needs massive re-orientation on a scale never before contemplated,
it will require the largest societal consensus—left and right and center, in America,
in Canada, in Britain, in Europe . . . Yet all Big Climate does is retreat ever deeper
into its shrinking echo chamber and compile ever longer lists of people who are be-
yond the pale—Professor Curry, Professor Christy, Professor Bengtsson, Professor
Pielke, Professor Soon, Lord Lawson, the Bishop of Chester, the winner of the 1973
Nobel Prize in Physics, the winner of the 1998 Nobel Prize in Physics. . .It might
be quicker for Mann, Trenberth, Gavin Schmidt and the other climate enforcers to
make a short list of those to whom they are prepared to grant a say in the future
of the planet.

In shoring up this cartoon climatology, the alarmism industry is now calling on
courts and legislatures to torment their opponents. I shall outline my own particular
experience, and then the general climate.

Mann vs Steyn et al

On July 12, 2012, former FBI Director and special investigative counsel Louis
Freeh issued a devastating report regarding the behavior of Pennsylvania State
University and its most senior figures, as they ignored, abetted and covered up the
systemic and brutal child sexual abuse conducted by Gerald A Sandusky, longtime
football coach at the university.

The following day Rand Simberg posted an article on the Competitive Enterprise
Institute’s website entitled “The Other Scandal in Happy Valley”, which suggested
that, in light of the revelations regarding the “rotten and corrupt culture” at Penn
State under the presidency of Graham Spanier, it might be worth revisiting the
other sham “investigation” on Spanier’s watch—of Dr Michael E Mann, creator of
the famous global-warming “hockey stick”.

The very same day The Chronicle of Higher Education also tied together the sham
Sandusky and Mann investigations in a piece titled “Culture of Evasion.”¢ As you
know, after the Freeh Report was published, criminal charges were filed against
Penn State President Graham Spanier and other senior administrators. Spanier is
currently under indictment for grand-jury perjury, obstruction of justice, child
endangerment, conspiracy and failure to report child abuse.

Two days later, I wrote a 270-word blog post for the opinion page of National Re-
view Online 7 referencing the Freeh Report and Mr Simberg’s piece. That post ap-
pears below in its entirety:

In the wake of Louis Freeh’s report on Penn State’s complicity in serial rape,
Rand Simberg writes of Unhappy Valley’s other scandal:

‘I'm referring to another cover up and whitewash that occurred there two years
ago, before we learned how rotten and corrupt the culture at the university was.
But now that we know how bad it was, perhaps it’s time that we revisit the Mi-
chael Mann affair, particularly given how much we’ve also learned about his
and others’ hockey-stick deceptions since. Mann could be said to be the Jerry
Sandusky of climate science, except that instead of molesting children, he has
molested and tortured data in the service of politicized science that could have
dire economic consequences for the Nation and planet.’

Not sure I'd have extended that metaphor all the way into the locker-room show-
ers with quite the zeal Mr Simberg does, but he has a point. Michael Mann was
the man behind the fraudulent climate-change ‘hockey-stick’ graph, the very ring-
master of the tree-ring circus. And, when the East Anglia e-mails came out, Penn

5hitp:/ [ climateaudit.org /2014 /05 14 | the-cleansing-of-lennart-bengtsson
6 hitp:/ [ chronicle.com [ blogs /innovations | a-culture-of-evasion | 33485
7http:/ www.nationalreview.com [ corner | 309442 | football-and-hockey-mark-steyn
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State felt obliged to “investigate” Professor Mann. Graham Spanier, the Penn
State president forced to resign over Sandusky, was the same cove who inves-
tigated Mann. And, as with Sandusky and Paterno, the college declined to find
one of its star names guilty of any wrongdoing. If an institution is prepared to
cover up systemic statutory rape of minors, what won’t it cover up? Whether or
not he’s ‘the Jerry Sandusky of climate change’, he remains the Michael Mann
of climate change, in part because his ‘investigation’ by a deeply corrupt admin-
istration was a joke.

I asked what I thought was quite an obvous question: If an institution is prepared
to cover up the systemic ongoing rape of minors, what won’t it cover up?

It’s a legitimate question for an institution that receives taxpayer funding, a cer-
tain portion of which falls under the oversight of this committee. Penn State has
a representative here today, and perhaps he will address some of these questions
about his institution and its integrity.

Graham Spanier, the now disgraced president of Penn State who presided over
the joke investigations of both Sandusky and Mann, remains the President Emer-
itus of Penn State, and a professor of family studies. His absolution of Michael
Mann was widely regarded at the time as a total joke even by many who are by
no means “climate deniers”—for example, the venerable American institution The
Atlantic Monthly:

The Penn State inquiry exonerating Michael Mann—the paleoclimatologist who
came up with ‘the hockey stick’—would be difficult to parody.®

Professor Harold Lewis, one of the most distinguished members of the American
Physical Society, resigned from the organization over the whitewashing of Mann,
writing:

When Penn State absolved Mike Mann of wrongdoing, and the University of
East Anglia did the same for Phil Jones, they cannot have been unaware of the
financial penalty for doing otherwise.®

In other words, Spanier’s depraved regime at Penn State turned a blind eye to
Mann for the same reason it turned a blind eye to the Sandusky rape epidemic: they
couldn’t afford to take the financial hit.

In this case, unlike football revenue, the money comes in large part from tax-
payers, via you and the agencies you preside over—such as the National Science
Foundation. Given Penn State’s refusal to disclose materials relating to the Mann
investigation under the corrupt Spanier regime, it would be appropriate for you to
put a hold on all NSF funding of Penn State, including Mann’s two current grants
totaling half a million dollars. And I hope this sub-committee will ask the witness
here today representing this deeply corrupt institution whether he will join in a call
for Spanier’s successor to let the sunlight in on all the dank, fetid corners of
Spanier’s legacy.

Dr Mann did not want the world to be reminded that the same man who turned
a blind eye to Sandusky also turned a blind eye to him. He filed suit against me
and three other parties in the Superior Court of the District of Columbia, where nei-
ther Mann nor I work or reside. Indeed, I never set foot in this benighted jurisdic-
tion except to come here for matters arising from the court case, such as this hear-
ing. The case was assigned to Natalia Combs Greene, a since reprimanded landlord-
and-tenant judge appointed by President Clinton and confirmed by this honorable
Senate. After a botched ruling in which she confused the parties, she said the case
was “complicated” and shuffled it off on a colleague, but not before procedurally
mangling it so that, for a while, two different trial judges were ruling on the case
simultaneously—something that’s a big no-no in functioning jurisdictions, but which
was partly caused here by Michael Mann falsely claiming in his complaint to be a
Nobel Laureate and then, after the Nobel Institute told him he wasn’t, having to
file an amended complaint.

At this point, my fellow defendants chose to test the DC Anti-SLAPP statute,
which was assented to by this U.S. Senate in 2010, but was so poorly written as
to leave unanswered such basic questions as the standard for dismissal and whether
or not that decision is immediately appealable to the DC Court of Appeals. The
ACLU, The Washington Post, NBC News, The Los Angeles Times, and various other
media bigfeet all filed amici briefs opposed to Mann—not because they disagree with

8 hitp:/ /www.theatlantic.com / politics | archive /2010 /07 | climategate-and-the-big-green-lie |
59709/

9 hitp:/ /wattsupwiththat.com /2010/ 10/ 16/ hal-lewis-my-resignation-from-the-american-phys-
ical-society |
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him on global warming (most of them are as hot for climate change as he is) but
because they understand that putting climate science beyond criticism and into the
courtroom would inflict the greatest damage on the First Amendment in over 50
years. Not a single amicus brief was filed on Dr Mann’s behalf.

Oral arguments were heard over one year ago, yet judges Vanessa Ruiz, Corinne
Beckwith and Catharine Easterly, all confirmed to the DC court by this Senate,
have failed to rule. I note that, in writing to President Obama recommending a sec-
ond 15-year term for Judge Ruiz, the Commission on Judicial Disabilities and Ten-
ure nevertheless observed:

The Commission would be remiss if it did not address the serious issue of Judge
Ruiz’s backlog of opinions . . . Of crucial importance to the proper functioning
of the Court of Appeals is the timely resolution of disputes. The public’s con-
fidence in the Court is eroded when litigants must wait multiple years for deci-
sions to be rendered. The Commission believes that this problem is not only
about the pace of opinion production, but also about a less than fully adequate
appreciation on the part of Judge Ruiz as to how her backlog adversely affects
the litigants, the Court, and her colleagues.10

As a result, an interlocutory appeal has dragged on for almost two years. Judge
Ruiz is an activist judge who is, inter alia, a trustee of the Carnegie Endowment
for International Peace, which aspires to be the first global think-tank and is very
active on the transnational climate scene. All very fascinating. But she’s supposed
to be a DC judge first and a condition of the Commission in exchange for recom-
mending her for a second term was that her obligation to clear her appalling back-
log of cases took precedence over her “outside activities, no matter how worthy they
may be”. A dissenting member of the Commission, Noel J Francisco, was shrewder
about Judge Ruiz’s failings:

It should go without saying that an appellate judge’s primary duty—if not her
sole duty—is to decide cases. On this score, as my colleagues have described,
Judge Ruiz’s backlog is ‘the highest by far of any of the appellate judges on the
DC Court of Appeals’ and, as a result, litigants often ‘must wait multiple years
for decisions to be rendered’ by her . . . As the old adage goes, ‘justice delayed
is justice denied’.

The purpose of anti-SLAPP laws is to prevent the use of litigation to chill free
speech—on climate change and many other issues. When it takes up to three years
to get a ruling (as it apparently does with Judge Ruiz), there is no point to anti-
SLAPP legislation. Indeed, when it takes three years to get a ruling, the case is not
the issue, the judge is. When it takes three years from oral arguments to ruling,
it may be that the judge is just an incompetent sloth who’s spending far too much
time with the Carnegie Endowment working on world peace. Or it may be that a
sclerotic and incompetent DC court system has three-year backlogs because it ac-
cepts cases from venue tourists like Michael Mann who have no connection whatso-
ever with this jurisdiction—and, as a result, the court system is incapable of serving
the people it’s meant to serve.

Nevertheless, this Senate confirmed Judge Ruiz. Under the Home Rule Act, the
District of Columbia operates in a constitutional no-man’s-land whereby it enacts
legislation for which this honorable body is ultimately responsible. In practice, that
means they pass slapdash, poorly drafted laws, and you guys rubber-stamp them.
The constitutional limbo allows serial plaintiffs like Michael Mann to use the DC
courts to torture non-DC residents: this is a disgrace, and ultimately it is the re-
sponsibility of you and your colleagues.

I responded to Mann’s discovery requests almost two years ago. He has yet to re-
spond to mine. No court around the world within the Common Law tradition to
which this country is heir has ever presumed to adjudicate science. Judge Natalia
Combs Greene is not competent to rule on landlord-and-tenant cases, never mind
the extent of the Medieval Warm Period. Judge Vanessa Ruiz is so lethargic that,
by the time she does rule on the science, global warming will have kicked in and
the rising sea levels will have washed away the Maldives, Tuvalu and, with luck,
the District of Columbia. My three years in the stagnant swamp of DC “justice”
demonstrate why science in particular and public policy disputes in general are be-
yond the competence of the judges you confirm and the courts you fund. They belong
properly in what the eminent jurist Lord Moulton called “the domain of manners”.

10 hitp:/ | legaltimes.typepad.com [ files | commission-on-judicial-disabilities-and-tenure-report-
vanessa-ruiz.pdf
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Big Climate vs Everyone

Why is this relevant beyond the travails of one obscure immigrant? Because too
many people within the climate cartel are demanding that dissent from the alleged
“consensus” should be not merely a civil offense but a criminal one—and far too
many legislators and bureaucrats are willing to entertain it. Your colleague, Senator
Whitehouse, is among those who favor criminal penalties for those who disagree
with him on climate policy. Earlier this year, you, Senator Markey, were rebuked
by the President of the Cato Institute for “an obvious attempt to chill research into
and funding of public policy projects you don’t like . . . You abuse your authority
when you attempt to intimidate people who don’t share your political beliefs.” 11

Likewise, Raul Grijalva, the Congressman from Arizona and Ranking Member of
the House UnEnvironmental Activities Committee, earlier this year sent a letter to
seven scientists, including professors Curry and Christy—a quite disgraceful letter
that no citizen-legislator in a representative parliament has any business sending
to anybody, demanding among other things details of speaking fees, travel expenses,
and e-mail communications stretching back a decade!2. Commissar Grijalva pre-
sumed to be able to do this because these scientists had voluntarily testified before
his committee, and thus, as he saw it, had submitted to his jurisdiction over every
aspect of their lives. I hope this Senate sub-committee will distance itself from
Commissar Grijalva’s deformed understanding of his role. But, in the event that, fol-
lowing my voluntary appearance here today, any Senator demands in five years’
time to see my e-mails and know what hotel I stayed in in Cleveland or Copen-
hagen, I might as well give you my answer now: You ain’t getting’ nuthin’.

It takes quite a lot to stand up to powerful congressmen and senators threatening
to plunge you into half-a-decade of investigative torture for exercising your free-
speech and public-advocacy rights. The ultimate verdict of such inquiry is largely
irrelevant: The process is the punishment.

The Attorney General of New York, Eric Schneiderman, is presently using securi-
ties law to do an end run around the First Amendment and sue Exxon for not hold-
ing the same views on climate change as the more pliable oil companies have been
forced to adopt in public.

Recently, a group of scientists mainly from George Mason University wrote to the
President to demand that climate dissenters be prosecuted under the RICO laws.
RICO, as you know, is supposed to be used against racketeers and mobsters and,
granted the unfortunate tendency of sloppily drawn Federal laws to metastasize
under opportunist U.S. Attorneys, one marvels nevertheless that such an absurd
and ideological expansion of this legislation could ever be seriously entertained.

Needless to say, as with the Spanier regime at Penn State, it is in fact George
Mason’s climate community that most closely approximates a mob racket. The first
signatory on that letter demanding RICO be applied to his enemies is Professor
Jagadish Shukla of George Mason, who additionally controls a “non-profit” the Insti-
tute for Global Environment and Security, Inc. which is part of George Mason’s Col-
lege of Science. In 2014 alone, this “institute” received over half a million dollars
in Federal climate grants, including from bodies you oversee. As you know, the NSF
and other Federal agencies have supposedly strict rules about enriching oneself
from grant monies. As a general principle, during college vacation you're allowed to
earn no more than your monthly salary in research grants. So if you're paid, say,
$100,000 per year, you're allowed to top that up to 20 grand of grant money during
the summer. Instead, Professor Shukla essentially tripled his income, and since
2001 has taken some 63 million dollars in Federal science grants for a “non-profit”
that employed him as president, his wife as business manager and his daughter as
assistant business manager. There’s a little bit of congressional oversight just wait-
ing to be done, don’t you think? Sixty-three million bucks! But instead Commissar
Grijalva wants to know whether Judith Curry got upgraded to a junior suite at the
airport Hilton in 2007.

This climate of intimidation, led by influential legislators of the most lavishly
funded government in the world, sends a powerful signal to others. Professor Curry
has noted the latest stage in the grim descent of the journal Science, whose editor
Marcia McNutt recently published a statement confirming her journal’s wholesale
embrace of advocacy over science: “The time for debate has ended. Action is urgently
needed.” The other most prominent science journal on the planet, Nature, appears
to be going even further, publishing a statement by three climate scientists arguing
that “climate justice” is “more vital than democracy”:

11 hitp:/ Jwww.cato.org | blog | message-catos-center-study-science
12http:/ |www.steynonline.com [ 6831 [ the-warmish-inquisition
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Democracy emphasizes the mutual roles of actors: all preferences are treated as
equal. In many regions of the world, however, the results of democratic choices
can be strongly influenced by power relations and inequitable social arrange-
ments, owing to differences in economic development, access to technology and
knowledge.

Elites may use democratic processes to entrench their status or encroach on other
social goals. This can lead to incremental or undesirable results, which might
explain why large democratic nations such as the United States continue
to oppose progressive climate legislation.

In our view, sound climate and energy planning should not treat all stakeholders
in the same way. Instead, preferences and roles should be weighted to consider
criteria related to equity, due process, ethics and other justice principles.13

So the fake 97 per cent consensus is no longer enough. These scientists are saying
that, because there’s a supposed 97 per cent consensus among climate scientists,
they don’t need a 51 per cent consensus from the electorate.

The relationship between government and science today would be unrecognizable
to real scientists—to Sir Isaac Newton, to Charles Babbage, to the Curies. The cre-
ation of the IPCC in particular has led to the establishment of a closed, largely
Anglo-American climate jet set that, as demonstrated in the Climategate e-mails,
has had a wholly corrupting effect on peer review among other things. In this cul-
ture, what is the proper role of the political class? Is it to do as Senator Whitehouse,
Congressman Grijalva and Attorney General Schneiderman are doing, and make cli-
mate alarmism a state ideology from which it is forbidden to dissent? Or is it time
for legislators to exercise their responsibility to ensure that the people’s money is
used 1n the service of science and not propaganda?

In that respect, let me close by turning to my area of expertise. I am not a climate
scientist, but I am an acknowledged expert in the field of musical theatre.l* Last
year, a show called The Great Immensity opened off-Broadway. It ran a week and
then closed after largely stinking reviews from The New York Times et al. It had
received a direct grant of $700,000 from the agency for which you are responsible,
the National Science Foundation. There is no science in putting on a musical: If
there were, the Broadway adaptation of the Tom Hanks film Big would not have
lost its entire investment, nor the Stephen King musical Carrie, nor the supposed
blockbuster of America’s bicentennial year 1600 Pennsylvania Avenue, by Leonard
Bernstein and Alan Jay Lerner, which closed after five days and led Bernstein to
conclude that he never wanted to get mixed up with Broadway again. If only the
National Science Foundation was that savvy. The difference between those shows
and The Great Immensity is that, with your blessing, only the last had American
taxpayers’ money in it. The Government of the United States is the brokest entity
in the history of brokeness. It has to pay back $20 trillion just to get back to having
nothing at all. Which nobody in human history has ever done. Yet it apparently is
not so broke that it can’t throw down the toilet 700 grand of funds marked for
science on a lousy musical.

I have been around the theatre my entire adult life, and once in a while one runs
into an example of an official government musical. There was the celebrated social-
ist operetta, The State Department Store, which was produced in Hungary and other
Warsaw Pact countries after the Communist regimes banned all the old-school oper-
ettas for having too many singing princes and countesses as the principal char-
acters. There was also Zabibah and the King, a musical version of Saddam Hus-
sein’s allegorical novel in which the nubile virginal heroine represents Iraq and her
manly yet tender expert lover the King represents Saddam. Unlike the NSF-funded
Great Immensity, it got rave reviews from the Baghdad critics—because, if you gave
it two thumbs down, you got one head off. The National Science Foundation does
not yet enjoy that power, although clearly Dr Mann, Senator Whitehouse, Congress-
man Grijalva, Attorney General Schneiderman, and those scientists demanding that
climate justice trump democracy are moving in that direction.

And 1in fairness neither the Communist regimes of Eastern Europe nor the
Baathist tyranny of Saddam Hussein had their scientific bodies invest in musicals.
That grotesque innovation came from an agency for which you are responsible. If
you click on the YouTube link below.15 which I hope we might listen to during the
hearing, you will see just how little American taxpayers got for their $700,000. Even
if the show were not total garbage, it would be tainted and disfigured by the

13 hitp:/ Jwww.nature.com [ nature | journal | v526 | n7573 [ full | 526323a.html

14 hitp: | | www.amazon.com | Broadway-Babies-Say-Goodnight-Musicals | dp | 0415922879 | ref=
sr 1 1%ie=UTF8&qid=1449452540&sr=8-1&keywords=Steyn+Broadway+Babies

15 https: | www.youtube.com [ watch?v=EASpzOX2UNQ
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$700,000 in direct funding from a government agency. That moves it into the same
realm of state propaganda as Saddam Hussein’s musical and The State Department
Store. Propaganda can only disfigure art and science, and it has no place in either.
The National Science Foundation has no more business sinking three-quarters of a
million bucks into The Great Immensity than it would have into my cat album, re-
leased this month—although, in the latter case, the American people would at least
have got a return on their involuntary investment.

In the world of arts funding, bureaucrats and administrators often talk of the
“arm’s length” principle. There is no “arm’s length” between government bureauc-
racies and contemporary climate science: They are entwined like Saddam Hussein
and his lush, curvaceous lover in that boffo Baghdad smash, and it has done untold
damage throughout most of the western world. As a final thought—and here I stray
from dogma to my colleagues’ field of data—it seems to me that there are more simi-
larities between musical theatre and IPCC climate science than there ought to be.
As Irving Caesar, the celebrated lyricist of No, No, Nanette, characterized Broadway
to me many years ago: “Remember, kid. No one knows nothing.” You hire the great-
est composer, the hottest choreographer, the biggest star, the best orchestrator, and,
when you put ‘em all together, it just lies there and it dies there. Likewise, as I
have come to learn, with climate science: when someone’s up in northern Finland
collecting lake sediment, that’s science; when someone’s taking tree rings from the
Gaspé peninsula in Quebec, that’s science; when someone’s up to his neck in ice
cores in Antarctica, that’s science. But, when Michael Mann feeds them all into his
magic processor and tells you here’s the planet’s temperature for the last two mil-
lennia, that’s not science. When the IPCC distills it further into “This is the hottest
year of the hottest decade of the hottest century in, like, forever”, that is way be-
yond the realm of science. And, when politicians distill that further still into “Give
us all your money or the planet gets it”, we have flown the coop of science and are
free-floating through clouds of totalitarian fantasy.

Climate alarmism is going nowhere. The two-decade global-warming pause, which
no late 1990s climate model foresaw, led the public to doubt Big Climate’s confident
predictions for the future. In response, Federal bodies such as NOAA and NASA
have adjusted the past to make the present appear hotter, and thus supposedly
demonstrated that in fact there is no such “pause”. As a result, public opinion,
which no longer trusts the Big Climate enforcers to tell them what the climate will
be like in 2050, now no longer trusts them to tell them what it was like in 1950.
A recent poll found that, notwithstanding the urgings of the President and the Sec-
retary of State and others, only three per cent of Americans regard climate change
as their major concern. Three per cent. There is your 97 per cent consensus, gentle-
men.

At exactly the time when climate science needs to acknowledge its own failings,
and the uncertainties of which Dr Curry speaks, and the inability of cartoon clima-
tology and fraudulent gimmicks like the hockey stick to capture the complexities of
the planet’s climate system, a narrow unrepresentative group of activists is demand-
ing ever more brutal penalties against those who refuse to toe the line.

There is certainly a role for the state to play in this—not in prosecuting climate
dissenters under RICO laws or in dumping taxpayer money into unwatchable propa-
ganda musicals, or in having feckless lethargic judges in the District of Columbia
reward serial plaintiffs for nuisance suits, but rather in standing firm for the most
expansive definition of free speech, which is vital to scientific inquiry and sorely
overdue in this particular field, and against the abuse of government funds, which
has been disastrous for it.

Senator CRUZ. Thank you, Mr. Steyn.
Dr. Titley?

STATEMENT OF DAVID W. TITLEY, REAR ADMIRAL USN (RET.),
Pu.D., PROFESSOR OF PRACTICE AND DIRECTOR, CENTER
FOR SOLUTIONS TO WEATHER AND CLIMATE RISK,
PENNSYLVANIA STATE UNIVERSITY

Admiral TITLEY. Thank you for Chairman Thune to extend this
invitation to me.

Chairman Cruz, Ranking Member Peters, Ranking Member Nel-
son, distinguished members of the Committee, thank you.

This is an important hearing on an important subject. I am here
today as a private citizen. My views are my own.
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I got involved in climate in 2009. I was minding my own business
as a one-star admiral, ran the Navy’s oceanography and oper-
ational weather forecasting. Got a call while driving to the New Or-
leans airport across the causeway in Lake Pontchartrain, and it
was the Chief of Naval Operations, Admiral Gary Roughead.

He basically said, “Hey, Titley, figure out what is going on in the
Arctic. Is this an issue or not? What is going on with climate? Do
I need to deal with this? Come up to the Pentagon and figure this
out.”

So I was a one star. He is a four star. So I said, “Aye aye, sir.”
And that is what we did.

And kind of what I looked at it as is really dropping back to the
training. I was a navigator on an old guided missile destroyer, and
we didn’t have GPS. So you had to look at all the data, but not be-
lieve any one piece of data entirely.

And that is kind of how I have looked at this because, actually,
I wasn’t really convinced one way or the other what was going on.
So that is what I did. And the more we looked at the data, the
more we saw that not only were the air temperatures coming up,
but the ocean temperatures were coming up. The sea level was
coming up. The glaciers were retreating. The oceans were
acidifying. And as I said, the sea levels were actually rising.

So when you put all of those independent lines of evidence to-
gether, coupled with a theory that was over 100 years old and had
stood the test of time, it kind of made sense. Does it mean we know
everything? No. But does it mean that we know enough that we
should be considering this and acting? Yes. It is called risk man-
agement, and that is what we are here doing.

So that is kind of where, you know, the science in general works
there. Can you test your hypothesis? What is the cumulative
weight of error? Can you replicate? What is the discovery?

You know, and over time, you can identify what is known with
confidence. Not every publication is correct. That is OK. But it in-
forms what we need to study over the next few years.

So, you know, basically, what do we know today about climate
science? We know that the Earth’s climate is changing at an un-
usual pace compared to the natural changes that the Earth has ex-
perienced in the past. We know emissions of greenhouse gases from
human activities—primarily, but not exclusively fossil fuels—are
the principal drivers.

We know it is already causing harm, as Senator Nelson has
pointed out. Will continue for some time, that harm will continue
because there is inertia in the system. There is inertia in the phys-
ical system. There is inertia in the world’s energy system. And we
can limit that harm, though, by remedial action.

In the military, you don’t always have perfect information. In
fact, you hardly ever have perfect information. But you still make
decisions based on what you know, and we know a lot.

General Sullivan, who serves with me on the CNA Military Advi-
sory Board, famously said that if you wait for 100 percent certainty
on the battlefield, you will probably be dead. Let us not do that.

We know in 2014 the CNA Military Advisory Board put out an-
other report that talked about the climate risks are accelerating,
the threats are being magnified, and the complex, cascading con-
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sequences can lead to a failure of imagination. We have already ex-
perienced that in the last 15 years in this country. We don’t need
to do that again.

So what do we do? We are already paying today a de facto carbon
tax, one that nobody voted on. You look at the cost of the New Or-
leans levees. You look at the cost of Sandy. You look at the cost
of Florida. You look at the cost of relocating communities in Alas-
ka. Those are all carbon taxes, and we are paying those today.

These are the impacts to society, not necessarily mid-tropo-
spheric corrections to MSU data. These are the kinds of things that
we have got to figure out.

So what can we do? I will use my last little bit of time here to
really plead to the Congress that your leadership is essential. Big
things happen in the United States with the Congress. The Execu-
tive Branch can do some things. It can’t do a ton.

We have seen this in the Department of Defense. Goldwater-
Nichols, that was a big change for the Department of Defense.

Nuclear power. The way nuclear power came into the Navy is be-
cause the Congress made it happen. The Congress is massively im-
portant.

Ultimately, we need to decarbonize our energy system. It is going
to happen anyways, but the speed of that transition is important.
And as has been mentioned, there are 190 countries right now in
Paris. So that energy system is going to transform. They are talk-
ing about this. Why don’t we lead it?

We have already heard the Ranking Member talk about that.
Why don’t we—why don’t we lead it?

So here is my belief. I believe that we are still the exceptional
country that much of the world looks to for leadership. I believe we
all want a better life for ourselves, our children, our grandchildren.
Please let us not pull a “Thelma and Louise.” Let us get a better
future. Let us start it today.

Thank you very much. I look forward to your questions.

[The prepared statement of Admiral Titley follows:]

PREPARED STATEMENT OF DAvID W TITLEY, REAR ADMIRAL USN (RET.), PH.D.,
PROFESSOR OF PRACTICE AND DIRECTOR, CENTER FOR SOLUTIONS TO WEATHER AND
CLIMATE RISK, PENNSYLVANIA STATE UNIVERSITY

Thank you Chairman Cruz, Ranking Member Peters, distinguished members of
the U.S. Senate Committee on Commerce, Science, and Transportation for the op-
portunity to come before you today and discuss this very important topic.

I am David Titley and currently serve as the Founding Director of the Center for
Solutions to Weather and Climate Risk at the Pennsylvania State University. I had
the honor of serving in the United States Navy for 32 years and retired last year
as a Rear Admiral and Assistant Deputy Chief of Naval Operations for Information
Dominance. When I retired, I was also the Oceanographer and Navigator of the
Navy, and Director of U.S. Navy Task Force Climate Change. Subsequent to my
time in the Navy, I served as the Chief Operating Officer position of the National
Oceanic and Atmospheric Administration (NOAA). My Center at Penn State cur-
rently receives no Federal Funding. Although I have consulted with many distin-
guished climate scientists in preparation for this testimony, my views are my own—
any mistakes are my responsibility.

I am here today because I believe coming to a consensus on how to develop poli-
cies that address the challenge of a changing climate is a very important discussion
for our Nation’s leadership to have. Thank you for holding this hearing.

In the Navy we have a saying, to just give me the ‘Bottom Line Up Front’ or
BLUF. So here’s my BLUF for today’s hearing:
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o We know how to do Science: Science is not a simple linear process, performed
in an isolated, sterile environment, but rather an iterative process with con-
tinual interaction between exploration and discovery, feedback and input from
peers, inputs from society, but most importantly, testing ideas, called
hypotheses and theories, with evidence. New evidence can change existing
ideas. The better ideas fit actual observations, disparate or seemingly unrelated
observations or previously unknown observations, the more likely the idea is to
be accepted widely by science. Results are provided in many venues, but peer-
reviewed journals are especially important. Peer-review does not guarantee the
ideas being published are correct, but the process does ensure the work ac-
knowledges previous work in that field, the experiments and methods were
well-designed, the evidence cited logically leads to the conclusion. If new evi-
dence becomes available, or subsequent researchers find errors in the methods
published, the original ideas are modified. Science is based on the cumulative
weight of the evidence available. If initially published contrarian results stand
the test of independent confirmation and corroboration, these initially
contrarian (or even revolutionary) results become part of the accepted body of
science.

e The climate is changing more rapidly than has been observed in the past; we
understand why that is so, and we understand that those changes will continue,
absent meaningful action in reducing Greenhouse Gas emissions: The change in
the climate, and therefore the change in the weather, is real. Multiple inde-
pendent sources of data show a rise in temperatures and rise in the ratio of
record high temperatures to record low temperatures; an increase in the inten-
sity of precipitation events—that is, the hardest rains are getting harder; the
continued collapse in the area and amount of summer-time sea ice in the Arctic
Ocean; an acceleration of sea level rise; acidifying oceans; and ecosystems mov-
ing poleward and up in elevation where possible. We understand why the cli-
mate is changing, based on science extending back to the mid-19th century. The
basic concept of greenhouse gasses trapping heat and keeping the atmosphere
warmer than it would be in the absence of these gasses is extremely well under-
stood. This idea explains not only the temperature of the Earth, but the same
concept also applies to understanding the temperatures of Venus and Mars.!

o We know how to succeed even when the future is not perfectly known: Traditional
risk planning takes the chance or probability of an event and multiplies it by
the impact. But even when it is difficult to assess the likelihood of a specific
event, there are still available methods by which risk planning and mitigation
can be accomplished. Our national security teams frequently have to account for
these “deep uncertainties” and they have a variety of tools to assist them. Rich
scenario planning, assumptions-based planning and similar methods can be
used with the goal of identifying all plausible vulnerabilities and their subse-
quent impacts. National Security and strategic military planners have used
these tools successfully for decades—we can apply these methods and adapt
them to the climate change challenge.

The earth’s climate has naturally varied for millions of years (Figure 1—From
John Englander “High Tide on Main Street”; it will continue to do so for millions
more (e.g., . However, humans, primarily through the release of greenhouse gases,
also have the capability to modify the earth’s climate in a way that previously could
occur only by nature. If the climate has always changed in the past and will do so
in the future, then why do we care? We care because we are forcing a change to
a system that has been remarkably stable in the past 8-12 thousand years (Figure
2—From John Englander “High Tide on Main Street”); the time when humans de-
veloped agriculture, civilization and our modern way of life. It’s not that the climate
of the past few thousand years is optimal per se, but its stability allowed us to base
a civilization on an overall predictability of where our coasts would be, when the
rains would come, and the length of the growing seasons. Later on we would con-
struct our buildings, towns, and cities all based on a historical understanding of the
averages and extremes of our historical climate. And most importantly, we made a
fundamental assumption that the future climate would be like the past. That as-
sumption no longer holds.

1MacCracken, M. “Climate Change in Six Well-Documented Findings”. http:/ /www.climate
.org [topics/ climate-change [ science-in-six-findings.html
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Dr. John Holdren, Director of the White House Office of Science and Technology
Policy, provided extensive written testimony on the subject of climate change data
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and evidence to the U.S. House of Representatives Committee on Science, Space and
Technology in September 2014. While I have no ties to the current administration
I believe Dr. Holdren describes accurately the state of climate science today. The
following is an extract of his written statement:

“There is an immense amount of [climate science] primary, peer-reviewed, pub-
lished research . . . carried out by a wide variety of competent national and
international bodies (including Federal agencies and scientific advisory boards
and committees reporting to them). Important examples include the comprehen-
sive reviews by the U.S. National Academies?2 and the Intergovernmental Panel
on Climate Change (IPCC),3 the recent joint review by the U.S. National Acad-
emy of Sciences and the U.K.’s Royal Society of London,* the Second and Third
U.S. National Climate Assessments,® the annual State of the Climate reports
of the U.S. National Oceanic and Atmospheric Administration,® the periodic
synthesis and assessment reports of the U.S. Global Change Research Pro-
gram,” and the first Quadrennial Energy Technology Review of the U.S. Depart-
ment of Energy.8 Notably, the U.S. National Climate Assessments, which are
required under the Global Change Research Act of 1990, reflect substantial
input from the public, outside experts and stakeholders. The most recent such
Assessment, which was released in May of 2014, was the result of a three-year
analytical effort by a team of over 300 climate scientists and experts, informed
by inputs gathered through more than 70 technical workshops and stakeholder
listening sessions held across the country. The resulting product was subjected
to extensive review by the public and by scientific experts inside and outside
of government.

The Natural Science of Anthropogenic Climate Change

Decades of observation, monitoring, and analysis have demonstrated beyond rea-
sonable doubt that:

(1) the Earth’s climate is changing at an unusual pace compared to natural
changes in climate experienced in the past;

(2) emissions of carbon dioxide and other greenhouse gases from human activi-
ties, principally the combustion of fossil fuels but also land-use change, are
the principal drivers of the recent and ongoing changes in climate;

(3) climate change is already causing harm in many parts of the world (and many
parts of the United States);

(4) this harm will continue to grow for some time to come, because of the time
lags and inertia built into the Earth’s climate system and the inertia in civili-
zation’s energy system (which prevents drastically reducing the offending
emissions overnight); but

(5) there is a large difference between the amount of additional harm projected
to occur in the absence of vigorous remedial action versus that expected if
such action is taken promptly.

The recent measured changes in climate include a multi-decade increase in the
year-round, global-average air temperature near Earth’s surface, but they are not
limited to that. The changes also include increased temperatures in the ocean; in-
creased moisture in the atmosphere; increased numbers of extremely hot days;
changed patterns of rainfall and snowfall; and, in some regions, increases in
droughts, wildfires, and unusually powerful storms.

In consequence of the temperature increase, moreover, glaciers are melting, the
Greenland and Antarctic ice sheets are losing mass, and sea level is rising. While

2The National Academies reports on climate change include the four-volume set, America’s
Climate Choices (2010) and a host of other reports completed since 2010, all accessible at:
http:/ | nas-sites.org | americasclimatechoices /

3Intergovernmental Panel on Climate Change (IPCC) 2007 and 2013-2014 IPCC Fourth and
Fifth Assessments, accessible at: http://www.ipcc.ch/publications and data/publications
__and_data_ reports.shtml#l

4Climate Change: Evidence and Causes—An Overview from the Royal Society and the U.S.
National Academy of Sciences, 2014: http://dels.nas.edu/resources/static-assets/exec-office-
other [ climate-change-full.pdf

5Global Climate Change Impacts in the United States, 2009: http:/ /nca2009.globalchange.gov
and Climate Change Impacts in the United States, 2014: hitp:/ /nca2014.globalchange.gov.

6 National Oceanic and Atmospheric Administration (NOAA) State of the Climate reports, ac-
cessible at: http:/ /www.nede.noaa.gov / sotc |

7hitp:/ www.globalchange.gov | browse | reports

8 Department of Energy (DOE) 2011 Quadrennial Technology Review: http:/ /energy.gov/sites/
prod/files/ QTR report.pdf
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the pace of sea-level rise is relatively slow—the current rate would produce an in-
crease of about a foot over a century—there are three main reasons that the prob-
lem should not be underestimated:

(1) The rate appears to be increasing and is now about twice the average for the
20th century; increases as high as 1 to 2 meters (3.3 to 6.6 feet) above the
pre-industrial value by 2100 cannot be ruled out.®

(2) Even modest amounts of sea-level increase constitute a significant threat to
ecosystems and infrastructure in low-lying coastal areas, not least because of
the amplification of storm surges and increased intrusion of salt water into
coastal aquifers.

(3) The momentum in the processes driving sea-level rise is such that it is ex-
pected to continue for centuries even under the most optimistic scenarios for
climate-change mitigation; it can be slowed, but it cannot be stopped on any
time scale of practical interest.

The “fingerprint” of human responsibility for most of the climate change observed
over the past few decades is unmistakable: science has established persuasively that
the atmospheric build-up of the key greenhouse gases has resulted from human ac-
tivities; and the spatial and temporal patterns as well as the magnitudes of the ob-
served changes in temperature are consistent with what theory and models predict
would result from that build-up, after allowance is made for the partially offsetting
effect of increased atmospheric concentrations of reflective and cloud-forming partic-
ulate matter (also of human origin).

Civilization’s emissions of carbon dioxide, in particular, have led not only to a
build-up of the stock of this important heat-trapping gas in the atmosphere (where
it’s responsible for close to half of the total warming influence of all the heat-trap-
ping substances humans have added over time); those emissions have also led to an
increase in the dissolution of carbon dioxide into the surface layer of the ocean.
There the dissolved CO; forms carbonic acid (H>CO3) and thus lowers the pH (in-
creases the acidity) of ocean waters. This ongoing acidification increasingly puts at
risk coral reefs and other marine organisms that build their shells or skeletons from
calcium carbonate (including clams, oysters, and some plankton).

The foregoing conclusions are based on an immense number of observations and
measurements made by thousands of scientists at both governmental and non-
governmental institutions around the world, as well as on fundamental under-
standings about atmospheric physics and increasingly sophisticated computer mod-
els of ocean-atmosphere-ecosystem interactions, all recorded in tens of thousands of
peer-reviewed scientific publications. These key findings about climate change have
been endorsed by every major national academy of sciences in the world, including
those of [the United Kingdom], China, India, Russia, and Brazil as well as that of
the United States, and by nearly every U.S. scientific professional society, by the
World Meteorological Organization and the UN’s Inter-governmental Panel on Cli-
mate Change (IPCC), and by the recently released Third U.S. National Climate As-
sessment.”

(I have attached additional, more technical parts of Dr. Holdren’s statement pro-
viding evidence of changes in our climate in Attachment A, submitted with this tes-
timony.)

I would be remiss if I did not address the so-called ‘pause’ in global surface tem-
peratures. Dr. Holdren provides additional details (submitted as part of Attachment
A). It is easy to find arbitrary 5-15 year periods when, with careful choosing of the
start and stop dates, one can claim there has been no change in global tempera-
tures. This method of analysis though does not account for the longer-term upward
trend that persists through the relatively short-term variations. As an analog, I
drive west on Interstate 70 from Washington DC back to Penn State. However, for
nearly the first 25 miles in Pennsylvania, I-70 runs north, or even northeast. But
even with that short-term variation (to account for the mountains) the road, overall,
still takes me from east to west. Likewise, due to natural variability, there are
short-term ups and downs in year-to-year temperature. But this structure does not
remove the long-term, and upward, trend. A recent graphic (Figure 3) from Dr.

9Note: The highest value cited by the IPCC’s 2013 climate-science synthesis is 1.25 meters,
but a December 2012 NOAA report put the upper limit at 2 meters (see Parris, A., P. Bromirski,
V. Burkett, D. Cayan, M. Culver, J. Hall, R. Horton, K. Knuuti, R. Moss, J. Obeysekera, A.
Sallenger, and J. Weiss. 2012. Global Sea Level Rise Scenarios for the U.S. National Climate
Assessment. NOAA Tech Memo OAR CPO-1: htip://cpo.noaa.gov/sites/cpo/Reports/2012/
NOAA_SLR r3.pdf)
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Kevin Trenberth of the National Center for Atmospheric Research® shows this
trend, and also shows how 2015 is very likely to be the warmest year recorded in
the modern record—and by a significant margin.

Global temperature and carbon dioxide:
anomalies through 2015 (projected)
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Figure 3—Global Temperature change and CO> concentration

In summary, a combination of multiple, independent sources of data provide the
basis to the latest conclusion from the Intergovernmental Panel on Climate Change:
“Warming of the climate system is unequivocal, and since the 1950s, many of the
observed changes are unprecedented over decades to millennia. . .Human influence
on the climate system is clear. This is evident from the increasing greenhouse gas
concentrations in the atmosphere, positive radiative forcing, observed warming, and
understanding of the climate system.”1! We should not be surprised; these conclu-
sions rest on science discovered in the 19th century by Fourier, Tyndall, Arrhenius
and their colleagues 12 and validated by many scientists in the subsequent decades.

It is worth noting that private industry independently arrived at these same con-
clusions decades ago. Recently released documents!3 show that in 1980 Exxon re-
searchers projected the impacts on global temperature due to increasing greenhouse
gasses with astonishing accuracy (e.g., Figure 4). Again, the basis of the science of
climate change is exceptionally well-understood and can be—and has been—applied
by many researchers inside and outside the government.

10 hitp:/ /www.huffingtonpost.com | dr-kevin-e-trenberth / fact-not-opinion-climate- b 8703012
.html

11 Summary for Policy Makers of the Working Group I contribution to the IPCC Fifth Assess-
ment Report (2013)

12 http:/ Jwww.aip.org [ history [ climate [ co2.htm

13 http:/ [insideclimatenews.org [ news /01122015 | documents-exxons-early-co2-position-senior-
executives-engage-and-warming-forecast
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Figure 4—Exxon Projection of global temperatures

So what should we do? I recommend we take a risk-management approach, simi-
lar to how the CNA Military Advisory Board (MAB) has done in their most recent
report on the risks of climate change to security.14 Although most of the CNA MAB
members are not scientists, their positions as former senior three-and four-star lead-
ers in the United States Military trained them to seek and assess technical advice
from many different fields of expertise. They have accepted the overwhelming evi-
dence of the mainstream, international science community, and understand that if
significant new and compelling evidence is discovered, the conclusions may need to
be adjusted accordingly. Climate risks and security risks share another trait in com-
mon: “The worst matters much more than the bad” 5. In other words: What are the
near-term and future risks to our way of life—and what policies and structures
should we put in place to manage and mitigate those risks?

How might we meet this challenge? One way might be to start with these four
rﬁcommendations, consistent in broad goals with the President’s Climate Action
Plan 16:

e Set up and support a monitoring system that will allow the U.S. and the world
to detect and assess changes to future climate. Assign specific responsibilities.
Many National Academies of Science (NAS) reports have called for such a moni-
toring system. As a recent example, the NAS ‘Abrupt Climate Changes’ report
calls for such a monitoring system.

e Adjust policies today for what we know—and for what we might reasonably ex-
pect in the coming decades. Ensure we do not simply plan for the best case or
even the most likely, but also consider seriously the most damaging and harm-
ful scenarios (think ‘Katrina’ and ‘Sandy’). We learned in the military a long
time ago that hope by itself is rarely a good strategy.

e Invest in better understanding—and ultimately prediction—at the boundary be-
tween weather and climate. While scientifically this is very challenging, it is
also very important for people and a myriad of decisions. From a security, eco-
nomic, agricultural, infrastructure and policy perspective, greater climate
knowledge of the next few seasons to the next decade or two would be extremely
useful. While we should not use today’s uncertainty as an excuse to defer action,
better understanding of the climate over the next 2-20 years would be very use-
ful in allocating scarce resources. The Department of the Navy is funding today

14“National Security and the Accelerating Risks of Climate Change.”, CNA Corporation, May
2014. https:/ /www.cna.org/cna__files/pdf/ MAB 5-8-14.pdf

15Burroughs, William “Climate Change in Prehistory: The End of the Reign of Chaos”, Cam-
bridge University Press, 2005

18 http:/ |www.whitehouse.gov / sites | default / files | image [ president27sclimateactionplan.pdf
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the ‘Earth System Prediction Capability’ or ESPC—an interagency program de-
signed to provide our country the next-generation of integrated air-ocean-ice-
land prediction system.l? Navy is working with other components of the DoD,
as well as NOAA, NASA and the Department of Energy to ensure our Nation
has the world’s best operational weather and climate prediction tools at our dis-
posal. This national imperative must be a national priority.

e As we work on adapting to our changing climate we should not lose sight of
the big picture: how to move the world’s energy system to a predominantly non-
carbon based energy source to power the world. How can we unleash the inno-
vation and energy that makes our country great to solve one of the grand chal-
lenges of the 21st Century? The United States has responded to grand chal-
lenges of the past, in part by investing for the future. As seen in Figure 5, we
responded to President Kennedy’s call to go to the moon and President Nixon’s
response to the 1973 Arab Oil Embargo. To date though, there has been no seri-
ous response to the need to transforming our energy system. We are the country
that is developing a self-driving car and whose private companies can send sat-
ellites to geosynchronous orbit. With the right policies and encouragement from
the Federal Government I am sure our private sector can develop—and profit
fflon%—energy solutions that will power the world in a sustainable fashion into
the future.

In closing, our country is dealing with a significant change in the world’s climate;
it is a very serious challenge and if we do not manage this risk climate change, un-
checked, will make many of our existing threats worse. But our country has met
challenges of this magnitude before and succeeded—and we will do so again. While
we don’t know everything—and we never will—we do know more than enough to
act now. By focusing our efforts in a risk-based framework on meeting the climate
challenge, we can prepare for the short-term while shaping our longer-term future.
We can provide the policies, stability and guidance our country needs to unleash our
country’s energy, creativity and initiative. I am convinced we will be proud and
amazed at what we can accomplish.

Thank you very much for your time and attention; I look forward to taking your
questions.

Trends in Nondefense R&D by Function
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Figure 5—Non-Defense U.S. R&D 1953-2015
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ATTACHMENT A

Additional excerpts from Dr. John Holdren’s (Director, Office of Science
and Technology Policy, Executive Office of the President of the United
States) written statement to the U.S. House of Representatives Committee
on Science, Space, and Technology, given 17 September 2014

Elaboration on the human drivers of global climate change

Scientists have developed good estimates of the magnitudes of both human-caused
and natural influences on the global climate (called “forcings” in climate science)
since the start of the Industrial Revolution around 1750. The results show that the
human influences in this period have far outweighed the natural forcings, as well
as internal variability of the climate system. The 2013 IPCC report found, specifi-
cally, that the positive forcing (warming influence) attributable to human-caused
emissions over the period 1750-2011 was about 80 times as large as the positive
forcing from changes in solar irradiance (the largest natural influence) over that pe-
riod. Studies going back 20 years and more show that increases in globally-averaged
temperatures over the last several decades have been too rapid and too sustained
to be a result of internal climate variability.

Carbon dioxide (CO2) is the most important greenhouse gas emitted by humans.
Emissions of CO, between 1750 and 2011 accounted for 42 percent of the total posi-
tive forcings resulting from all human emissions over this period; and current CO>
emissions are responsible for around 75 percent of the century-scale Global Warm-
ing Potential (GWP) of all current human emissions of heat-trapping substances.18

In 2012, about 90 percent of global anthropogenic CO, emissions came from fossil-
fuel combustion and cement production (40 percent coal, 30 percent oil, 16 percent
natural gas, 4 percent cement) and 10 percent from deforestation and other land-
use change. Of the “industrial” (fossil fuel and cement) emissions in that year,
China accounted for about 29 percent, the United States for about 15 percent, the
27 countries of the European Union for about 11 percent, India for about 6 percent,
Russia for about 5 percent, and Japan for about 4 percent. These relatively few
countries alone, then, accounted for about 70 percent of global industrial CO, emis-
sions in 2012.

The second most important greenhouse gas emitted by humans is methane (CHy).
It has a far shorter atmospheric lifetime than that of carbon dioxide, but methane
emissions between 1750 and 2011 nonetheless accounted for about 24 percent of the
total positive forcings resulting from all human emissions over this period. Part of
this contribution is because chemical reactions involving CH4 lead to increases in
tropospheric ozone and stratospheric water vapor. The activities responsible for civ-
ilization’s methane emissions are, approximately: fossil-fuel production, processing
and transport, 30 percent; animal husbandry, 27 percent; waste management, 23
percent; rice cultivation, 10 percent; and biomass burning, 10 percent.12

Emissions of halogen gases (leaked from a variety of commercial products and in-
dustrial uses) accounted for another 9 percent of the total positive forcing as of
2011, compared to 1750, but about 40 percent of the positive forcing from the halo-
gen gases was cancelled out by the reduction in the stratospheric concentration of
ozone caused by their emissions. Emissions of nitrous oxide (from combustion and
fertilizer use) contributed about 4 percent of the total positive forcing up to 2011.

The other major contributor to positive forcing since the beginning of the Indus-
trial Revolution is not a greenhouse gas at all but “black carbon”—heat-absorbing
particles emitted primarily by biomass burning and by many two-stroke and diesel
engines. Although the atmospheric lifetime of these particles is only days to weeks,
their emissions had contributed about 16 percent of all positive forcing as of 2011,
compared to 1750.

The positive forcings from the sources just mentioned are currently being partially
offset by negative forcing that comes from reflective and cloud-forming particles that
also have increased in concentration in the industrial era. The main sources of these

18 Note: The GWP of an initial emissions pulse of a greenhouse gas is calculated by summing
its warming effects over a specified number of years into the future. Because different green-
house gases have different lifetimes in the atmosphere, the relative importance of their respec-
tive emissions at a given time—as measured by GWP—depends on the length of time chosen
for those sums. One hundred years is a common choice. Note also that the IPCC’s new approach
to allocating the responsibility for forcing (as of the 2013—14 assessment) is based on the con-
tribution of emissions of the heat-trapping substances and their precursors between 1750 and
2011, not on the changes in concentrations of the heat-trapping substances as was the approach
in the IPCC’s previous assessments. The two approaches to allocation give somewhat different
numbers because emissions of some substances affect not only their own concentrations but also
the concentrations of others.
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particles are certain oxides of sulfur and nitrogen emitted by fuel combustion. There
are strong incentives to reduce those emissions for reasons of public health and the
protection of ecosystems from acid precipitation, however, and when this happen the
resulting reduction of negative forcing by the associated reflective and cloud-forming
particles will “unmask” some of the warming that currently is being offset.

Elaboration on the “hiatus” in global warming

A number of climate-change contrarians have been propagating the claim that
there has been no global warming since 1998. This is not correct.

Although the rate of increase in the globally and annually averaged temperature
of the atmosphere near the surface has slowed since around 2000 1° compared to the
rate of increase over the preceding three decades, near-surface warming of the at-
mosphere has indeed continued. The 2000s were warmer than the 1990s, and the
2010s so far have been warmer than the 2000s.

Thirteen of the 14 warmest years since decent thermometer records became avail-
able (around 1880) have occurred since 2000. During the recent period in which the
rate of increase of the average surface air temperature has slowed, moreover, other
indicators of a warming planet—shrinkage of Arctic sea ice and mountain glaciers,
increased discharges from the Greenland and Antarctic ice sheets, increased ocean
temperatures, and sea-level rise—have been proceeding at or above the rates that
characterized the preceding decades.

The long-term warming trend resulting from the build-up of heat-trapping gases
and particles in the atmosphere is superimposed on a considerable amount of varia-
bility—year-to-year and decade-to-decade ups and downs in the global-average at-
mospheric temperature resulting from variations in solar output, in volcanic activity
that injects reflecting particles into the strato-sphere, and in ocean circulation pat-
terns that govern how much of the trapped heat goes into the oceans as opposed
to staying in the atmosphere. Scientists therefore do not expect the rate of atmos-
pheric warming, which results from the combination of human and natural influ-
ences, to be uniform from year to year and decade to decade. Climate models show
short periods of slow warming and even cooling within long-term warming epochs,
much as we see recently in observations.

The reduced rate of warming since around 2000 is thought to be the result of a
partial offsetting, by a combination of natural factors that tended to cool the atmos-
phere in this period, of the warming influence of the continuing greenhouse-gas
build-up. An increase in emissions of sunlight-reflecting particles from an increase
in global coal use may also have contributed. Among the natural factors thought to
be involved, oceans are likely to have played a major role in slowing atmospheric
warming in this period. The oceans normally take up more than 90 percent of the
excess heat trapped by anthropogenic greenhouse gases; thus, a small percentage
increase in what goes into the ocean can take a large share away from what other-
wise would have gone into the atmosphere.

When the variability that has lately slowed surface-atmosphere temperature
trends next shifts to contributing warming, of course, it will then reinforce rather
than offset the warming influence of the build-up of greenhouse gases. The rate of
increase of the global-average surface temperature will then rebound, becoming
more rapid, rather than less rapid, than the long-term average.

It is not clear, finally, that all of what has long been called “natural variability”
is completely free of human influences. It’s known that the geographic unevenness
of anthropogenic global warming (amplified in the Northern Hemisphere by the
shrinkage of Arctic sea ice, among other factors), affects atmospheric and oceanic
circulation patterns. There is considerable evidence that the El Nino/La Nina cycle,
as well as other patterns that affect how much trapped heat ends up in the oceans
rather than in the atmosphere, are being influenced to some extent by anthropo-
genic global warming.

It has been suggested that the slow rate of recent warming calls into question our
understanding of the importance of CO in determining Earth’s climate. There is no
reason to believe this. Short periods of slow warming and even cooling amidst longer
warming epochs are expected and are seen in instrumental records, geologic tem-
perature reconstructions, and in climate-model output. Internal redistributions of
energy (as are suspected to be responsible for most of the recent slowdown in atmos-

19Note: The one year in the top 14 that occurred prior to 2000 was 1998. It was the third
or fourth warmest year since 1880 as a result of an unusually powerful El Nino, which boosted
the global-average surface temperature well above the trend line. The recent rate of temperature
increase can be made to look smaller by “cherry-picking” the 1998 spike as the new start date
for one’s trend line, as a number of contrarians have done to bolster their claim that global
warming has stopped.
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pheric warming) in no way conflict with our understanding of CO, as a dominant
driver of long-term changes in Earth’s climate.

Senator CRUZ. Thank you, Dr. Titley. And thank you to each of
the witnesses for testifying.

Dr. Happer, I want to start with you, and I want to just make
sure I understood your testimony correctly. As I understood what
you told this committee, you had a series of facts. That CO; is not
a pollutant. That CO; is good for the planet. That CO; is good for
plant life in particular. That the world right now is currently
greening. And that for much of our history, there has been substan-
tially more CO; in the atmosphere than there is right now.

Am I correct in understanding each of those facts?

Dr. HAPPER. That is completely correct. But by history, I mean
for since the last 500 million years, you know, since the Cambrian.

Senator CRUZ. And I would note that the history with markedly
more CO, predated the Industrial Revolution. So it didn’t come
from automobiles or the burning of carbon fuels. Is that correct?

Dr. HAPPER. That is correct.

Senator CRUZ. OK. So those are facts we are beginning with. I
would note those facts are directly contrary to what the global
warming alarmists tell us day in and day out and to what the
media, which echoes their concerns, say day in and day out.

I want to pull up charts number 1 and number 2. I guess the
bias on the charts of the computer models is causing the chart to
fall over.

[Laughter.]

Senator CRUZ. So, Dr. Christy, this first chart here, the bright
red line, do I understand it correctly that the bright red line is
what the computer models—and this is an average of quite a
many—quite a significant number of computer models, what the
computer models said should be happening with our temperature,
that we should see warming spiking like crazy. Is that correct?

Dr. CHRISTY. Yes, and that is the bulk atmosphere, where the
biggest signal of greenhouse warming is supposed to be seen. So
that is precisely where you want to measure it.

Senator CRUZ. So we see the computer models, and if that were
fact, we might have something to talk about. But the bottom line
there, the blue and green, those are the actual measurements of
what is, in fact, happening in the atmosphere. Is that correct, Dr.
Christy?

Dr. CHRISTY. Yes, and I think the nice thing about that chart is
there are seven different datasets involved in that observations
there, not just one.

Senator CRUZ. So when you compare alarmist theories, the red
line, to actual facts, the blue and green dots, you see that the facts
don’t back up the theories. And we are being asked as a Congress
to act and impose trillions of dollars of cost on humanity because
of the red-line theory that is not backed up by the facts. Is that
correct?

Dr. CHRISTY. I think so. In fact, going along with your hearing,
you might want to say dogma is the red line. Data is the blue and
the green.

Senator CRUZ. I think that is very well said. I would note this
chart on the right, which shows for the last 18 years that there has



91

been no significant warming whatsoever. Now that is directly con-
trary to what the dataset showed.

Now, Dr. Titley, I noticed in your written testimony that you
took a moment to address what you described as the so-called
“pause” in global temperatures. By the pause, are you referring to
the last 18 years of no significant recorded warming?

Admiral TITLEY. Well, unlike your previous witness, I am not re-
ferring to the 1940s. It is—I thought you would like that.

Senator CRUZ. Indeed.

Admiral TITLEY. Yes. The pause is very interesting. As you know,
sir, 1998, big El Nino. So it is kind of interesting we start at 18
years. We don’t look at a 15-year dataset or a 10-year dataset or
a 20-year dataset. We look at an 18-year dataset.

But even if you do that, that is fine. Let us look at that. We
have—this is low budget here. I have got to do my own charts.

[Laughter.]

Admiral TITLEY. Thanks, Amanda.

Senator CRUZ. Well, let me take a moment on——

Admiral TITLEY. So here, sir, just to answer your question, Sen-
ator. Here was 1998, and here is today.

So, on me, I mean, I am just a simple sailor. But it is hard for
me to see the pause on that chart. So I think the pause has kind
of come and gone.

Senator CRUZ. Do you dispute the satellite measurement?

Admiral TITLEY. Let us not talk about the satellite. Here is

Senator CRUZ. But, sir—sir, I am asking, do you—I understand
that the global warming alarmists don’t want to talk about the sat-
ellite data, but I am asking——

Admiral TiTLEY. OK, sure. I will talk about the satellite. Let us
talk about the satellite measurements. Let us talk about orbital
decay. Let us talk about overlapping satellite records. Let us talk
about stratospheric temperature contamination.

I think Dr. Christy and Dr. Spencer, when they put this out, they
had been wrong I think at least four consecutive times. Each time
the data record has had to be adjusted upwards. There have been
several sine errors.

So when—with all due respect, sir, I don’t know which data ex-
actly your staff has, whether it is the first or second or third or
fourth correction to Dr. Christy’s data. We used to have a negative
trend, then we had no trend, and now we begrudgingly have an up-
ward trend.

Si) looking at those data, you know, it is OK. But here is where
we live——

Senator CRUZ. Let me see if—let me see if I can understand. The
first argument you gave in response to this, and it is an argument
that a number of the global warming alarmists use is they say,
well, 18 years ago was El Nino, and it is arbitrary to begin there.
And I will confess I don’t understand that argument because we
have 18 years of no significant warming. So if you don’t like an 18-
year window, we can start in 1999. There is no significant warming
for 17 years.

If you don’t like a 17-year window, we can start in 2000. Then
we don’t have a significant warming. It is true for any date across
those 18 years. So I fail to see the significance——
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Admiral TITLEY. Actually, Senator, it is not. If you take off that
top really big spike and you take that out, you start getting the up-
ward bias, and this is what people do when you start looking at
these relatively arbitrary times is you start with a really high num-
ber at the left-hand side, and that kind of influences basically your
linear trend.

So when you start looking at things like every decade, you have
an upward trend in the data, and that is from the World Meteoro-
logical Organization.

Senator CRUZ. And I would note you asked about the source of
the data on the right chart. It is actually not Dr. Christy’s data.
It is the Remote Sensing Systems, the RSS data that is up there.

At this point, my time has expired. But we are going to have an-
other round.

Admiral TrTLEY. Thank you, sir.

Senator CRUZ. And we will return to questions on these topics.

Senator Peters?

Senator PETERS. Thank you, and again, thank you to our panel-
ists for your testimony here today.

Now it was interesting as I heard the testimony from folks and
some of the comments that were being made, that this is the so-
called consensus of climate change and warming. I heard one of the
panelists say the argument is so weak that it can’t stand up to any
other scrutiny.

As T look at the facts, I don’t understand where those—where
those comments are coming from. My understanding is that—and
this is in a number of peer-reviewed journals that have looked at
where scientists are, particularly those who are climate scientists—
roughly 97 percent of those folks in the profession believe that the
climate is, indeed, changing and that humans had a significant as-
pect to it.

But it is not just in the scientific community. We have got, in
fact, just recently a letter of 150 of the leading companies in this
country who are having to make business decisions and are con-
cerned about changing climate. Companies important to me in
Michigan like General Motors and Kellogg, but also Coca-Cola,
Walmart, UPS. It is a list of the “who’s who” of companies in this
country who believe this is a concern.

We have some of my colleagues who are in Paris. Nearly 190
countries have come together, realizing this is something that we
have to deal with. So, and we hear those numbers, that seems like
there is overwhelming amount of scientific support.

That is not to discredit the folks who are testifying here. Cer-
tainly your view is important, and we need to hear that. And I
think, as, Dr. Titley, you mentioned, nothing is ever 100 percent.
And I want to pick up on that, and you mentioned it briefly in your
comments as well, particularly as someone who is an admiral in
the Navy and as a military person.

We expect our Department of Defense to evaluate potential
threats that we face to our national security, threats that we face
as a country. If we are in—if we have to go to war, our com-
manders have to make constant assessments of threats, and they
rely on the intelligence community to give them data before they
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commit men and women into harm’s way. People’s lives could be
at stake.

These are huge decisions, serious decisions, ones that I know
commanders agonize about. But they know if they make the wrong
decision, the consequences could be even more significant.

So, and I spent some time in the Navy as well, and I don’t know
that an intelligence report will ever give you 100 percent certainty.
In fact, they will give you all sorts of caveats in providing any kind
of intelligence assessment.

So speaking as a man from the military, if you are an operational
commander and someone said we can give you 97 percent con-
fidence, but not 100, is that going to be enough? And really, what
is—speak to what sort of certainty you are going to need.

Admiral TITLEY. Senator, thanks for the question, sir.

If somebody could tell me with 97 percent certainty what is going
to happen on the battle space or in the operating environment, I
mean, you would take that in a heartbeat. Our intelligence commu-
nity does wonders. They have been supported by the Congress, sup-
ported by the administration, tremendous hard-working men and
women.

But if the intelligence community could tell you as much as the
climate community could about the state of the world 50 years from
now, we would find General Clapper, whatever he is doing today,
stop him. Fly him to the White House and give him the Presi-
dential Medal of Freedom this afternoon because that would be just
an outstanding feat.

Now this is not a knock on the intelligence community. They are
dealing with people. They are trying to deal with people who de-
ceive us. We are just dealing with physics. The physics isn’t trying
to deceive anyone, and we understand the basic theory.

We certainly don’t understand everything, and we certainly do
understand that there are short- and medium-term variations, ups
and downs, some of which we do pretty well on, others not so
much. That is why we need research. That is why we need better
observations.

But the degree of certainty that you ask for, sir, we—we would
love to have that for operational commanders making military deci-
sions.

Senator PETERS. And certainly that is in weather decisions. You
are a part of the meteorologic or for part of meteorology with the
Navy. As a meteorologist, what level of certainty on weather fore-
casts is acceptable to mission commanders who make operational
decisions? Obviously, they don’t go into battle without checking
with you and other meteorologists.

Admiral TITLEY. Yes, sir. Usually they would say, “Shut up,
Titley. Don’t give me that weather stuff. Just tell me what is going
to happen.”

So what they are looking for—but they do understand risk. In all
seriousness, people do understand risk. Sometimes weather fore-
casts are taken to the bank. It is going to start snowing at what-
ever time.

Other times, like hit-and-miss showers, like the Ranking Mem-
ber, you know, in Florida, trying to figure out where that thunder-
storm is and is not is pretty tricky. But you can communicate that
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in terms of risk, in terms of probabilities, and that is really when
you extend into climate. This is all we are doing.

I think anybody who says, you know, you have 100 percent of
whatever, you probably don’t. But if you start having significant
numbers and you look at the impacts, I mean, that is the other
part of risk is what is the impact if you are wrong? You know, and
then how do you buy that down? How do you manage that risk so
that it becomes acceptable? And that is what we are trying to do.

Senator PETERS. And that is the thing is the risk that could be
potentially catastrophic or go anywhere from bad to catastrophic.
But you mentioned and I mentioned the short-term weather effects.
If you would just briefly—or my time is about up, but briefly, there
is a difference between weather events and climate. And I think
that is oftentimes confusing to folks. It is to me.

Could you elaborate why short-term weather events, we
shouldn’t spend too much time focusing on those and instead need
to be looking at the long-term impact of climate change?

Admiral TITLEY. Yes, sir. I mean, I often tell people you live in
weather and you plan for climate. Climate is simply this amal-
gamation or it is put together in space and time, over decades over
large regions. Those are the trends. That is climate, up, down,
whatever it is.

Weather is day-to-day, you know, and even out to a week, 2
weeks, 3 weeks. And then in between is where it gets interesting,
and you know, when we talk about 18 years, this is an interesting
time. You have some ocean pieces, but also climate. And you get
these—get these interactions here, and this is the interesting time.

Long-term, though, we know where the climate is going.

Senator PETERS. Thank you, sir.

Admiral TITLEY. Thanks.

Senator CRUZ. Senator Daines?

STATEMENT OF HON. STEVE DAINES,
U.S. SENATOR FROM MONTANA

Senator DAINES. Thank you, Mr. Chairman. Thank you for hold-
ing this hearing today.

Ranking Members Peters, Nelson, thank you.

I do not have a Nobel Prize, just for the record to be clear. I do
have a degree in chemical engineering. I am the only chemical en-
gineer on the Hill. So I very much appreciate and I like being on
this science kind of debate and on this committee.

My home state of Montana is well known for its beautiful land-
scapes, pristine environment, and clearly, we have a moral respon-
sibility to be good stewards of that environment. But Montana fam-
ilies also rely on our natural resources. We are called the Treasure
State for a reason. And it is not because of elk antler furniture and
huckleberry jam, as much as we enjoy those things. We are called
the Treasure State because of our natural resources, which in-
cludes coal.

These are good-paying jobs, that coal creates. It is reliable, af-
fordable energy. And I believe Montanans and most Americans be-
lieve we can achieve a balanced approach of protecting our environ-
ment, as well as ensuring we have affordable energy.
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I can tell you there is a lot of concern about the regulations that
are coming out of the debates like we are having here today and
the magnitude of the devastating impacts on families. The Univer-
sity of Montana, which is not a conservative think tank—my dad
is a proud graduate of the University of Montana. But I will tell
you they just published a study on the Clean Power Plan, which
probably should be called the unaffordable energy plan.

And that study stated that the Clean Power Plan could poten-
tially be the largest economic event to occur in Montana in more
than 30 years. Here is what the study said, coming out of the
EPA’s Clean Power Plan.

It will cost us 7,000 jobs, $500 million a year in annual income,
and the loss of $145 million in state tax revenues for our schools
and for our teachers. Two weeks ago, I held a telephone town hall.
We had thousands of Montanans participating with concerns about
these regulations.

What do we do? What do we tell the boilermaker union workers
back in Montana who will lose their jobs? What do we tell senior
citizens and the working poor who are on fixed incomes and looking
at significant and huge increases in energy costs as a result of
these regulations from Washington, D.C.?

Let us remember the facts and the data. The United States con-
sumes 10 percent of the coal in the world, 10 percent. Said another
way, 90 percent is consumed outside of our country. In Montana,
51 percent of our electricity comes from coal.

I love Tesla automobiles. I have a friend who has a Tesla. It is
great to see him plug that into the charging station there in Boze-
man. But the reality is in the back of that Tesla, let us just say
this Tesla is powered by coal. That is where the electricity is com-
ing from to power that Tesla.

But you think about the United States, about 40 percent of our
electricity comes from coal. Look at the numbers—27 percent from
natural gas, 19 percent nuclear, 6 percent hydro, 4 percent wind,
and 0.4 percent solar.

Now with that as background, as we think about the global chal-
lenges that we face as we look at carbon and so forth, with 10 per-
cent coming from the United States and 90 percent outside, we
ought to be making sure this is a global conversation and not uni-
laterally disarming our economy through these regulations coming
out of Washington, D.C.

China is building a new coal-fired plant every 10 days. Japan—
I used to have an office in Tokyo. I had a private sector job for 28
years before I came to Congress a few years ago. I had an office
in Tokyo. Japan is building 43 coal-fired plants as we speak, look-
ing to the future.

And yet these regulations, coming out of the EPA, are going to
absolutely kill our economy and kill our natural resources industry.

Dr. Christy, in your testimony, you mentioned the importance of
affordable and accessible energy and the importance to human
health and welfare. I remind everybody in this room that over 1.3
billion people in the world today do not have access to electricity.
What impact will the Clean Power Plan have on greenhouse gases,
and what impact will it have on the well-being of families?
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Dr. CHrisTY. First of all, I lived in Africa, and I can assure you
that without energy, life is brutal and short. The effect that these
regulations will have will be negligible on both the carbon dioxide
concentrations in the atmosphere and on whatever the climate
might do as a result. And we calculated many scenarios in that re-
gard.

Senator DAINES. And so if it is negligible, negligible—now we can
quantify the impact on tax revenues, on jobs, on energy prices and
what that means for, as you said, a negligible impact, and we have
heard similar kinds of conversations and comments actually from
the EPA on that very point. Do you realize China—and the New
York Times was reporting here just a month ago that China has
been underreporting their emissions by a quantity equivalent to 70
percent of the total U.S. emissions. That is what their under-
reporting has been.

Should we consider such costly remedies as what is going on
right now with this Clean Power Plan for merely symbolic changes?

Dr. CHRISTY. Well, if you are asking a State climatologist who
deals with economic development of poor State, basically, I would
say no. There is no consequence that is positive that I see in regu-
lating the energy in this way.

Senator DAINES. Dr. Curry, in your testimony, you explain how
funding motivates research. The Clean Power Plan not only harms
workers, but it stifles investments that could lead to innovation
and make coal cleaner. I would hope that the U.S. would be leaders
in innovation. Because as we lead in innovation and cleaner tech-
nologies, we can not only lead our country, we can lead the world
as we look at the environment here.

What can be done, in your opinion, to incentivize objective re-
search that can make affordable energy sustainable?

Dr. Curry. Well, that is a topic—I mean, I applaud the goal that
you state. We need to—we need more research and development on
advanced energy technologies. How to effect that, private sector-
Government, you know, is a challenge for politicians. I don’t have
any particular insight as a scientist as to how that might work.

But in terms of having—you have to allow people to have oppor-
tunity to fail. And if you are going to look for blue sky technologies
and something really innovative, you have to have a mechanism
that allows people to fail. You need maybe three good ideas, and
this may mean, you know, 50 or 100 of them have to be tried before
you find a few good ones that are going to work.

And so pretending that wind energy and at least the current
solar technology are going to solve the problems is fairly ludicrous.

Senator DAINES. Thank you, Mr. Chairman. I am out of time.

Senator CRUZ. Thank you, Senator Daines.

Senator Nelson?

Senator NELSON. Could you call on Senator Schatz? He has got
a meeting to go to.

Senator CRUZ. Sure. Senator Schatz?

STATEMENT OF HON. BRIAN SCHATZ,
U.S. SENATOR FROM HAWAII

Senator SCHATZ. Thank you, Mr. Chairman.
Thank you, Ranking Members Nelson and Peters.



97

Thank you for having this hearing. It gives us an opportunity to
clarify that climate change is real, it is caused by humans, and it
is solvable. And only in the four corners of the United States Cap-
itol is that still being debated.

It is ironic that we are holding this hearing in the Committee
with jurisdiction over science because this committee is turning its
back on the real science. Now I suppose that it is possible that
what the four people on the left-hand side of this dais are saying
is true, which is that basically everybody else is wrong, that every-
body else is wrong.

But I think it is more likely that 97 percent of the scientists have
come independently to the same conclusion. Scientists should and
do receive Federal research dollars based on the merit of their
work, not on their conclusions. The only reason that so few climate
deniers or skeptics, whichever you prefer, as a percentage of the
whole receive Federal support for their research is because the vast
majority of scientists independently come to the same conclusions
that the climate is changing due to human activity.

A review of nearly 12,000 peer-reviewed journal articles over 20
years found that 97 percent of those articles and 98 percent of sci-
entists agree that humans are influencing the climate. The vast
majority of climate scientists around the world will tell you that
greenhouse gas emissions, primarily from the burning of fossil
fuels, have increased the concentration of carbon in the atmos-
phere, which, in turn, has raised average global temperatures.

Now I suppose everybody could be wrong. In fact, the American
Academy for the Advancement of Science has said the science link-
ing human activities to climate change is analogous to the science
linking smoking to lung and cardiovascular diseases. There may be
a doctor out there who doesn’t believe there is a connection be-
tween smoking and lung cancer, but I would keep that doctor away
from me and my family.

Just as there is no genuine scientific debate over whether we are
responsible for changing the climate, there is also no global con-
spiracy to manufacture data. The skeptics do not know more than
the National Academies of Science, NASA, the DOD, the CIA, the
American Chemical Society, the American Physical Society, the
American Medical Association, the American Geophysical Union,
the American Meteorological Society, the American Society of Plant
Biologists, and the National Academies of Science from 80 coun-
tries, the World Health Organization, NATO, and a litany of other
organizations.

I, for one, believe that the Department of Defense has to contend
with what is, not with how we view—how we wish things would
be. And my question is for Admiral Titley.

Could you please describe the relationship between CO, and the
atmosphere and global temperature?

Admiral TITLEY. Senator, thank you for the question, sir.

I give some talks to the public on this, and basically, what I tell
people is what you have asked me is cutting-edge 19th century
science here. A bunch of old dead white guys figured this stuff out,
starting with Fourier, Arrhenius, Tyndall. By the time you get to
1896, we were actually doing calculations of global warming. Now
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it was with stubby pencil and paper, but we actually kind of fig-
ured it out.

So in, you know, basic terms, energy comes in at one wavelength.
Energy comes back out through the atmosphere at a different
wavelength. The carbon dioxide and other greenhouse gases actu-
ally re-radiate that longer wavelength. The short stuff comes in
from the Sun. The long stuff gets basically bounced around, reab-
sorbed, readmitted, and that is really good for us.

If we did not have greenhouse gases, we wouldn’t all be here be-
cause we would be living on an ice cube. It would be about 59 de-
grees Fahrenheit colder than it is right now. So greenhouse gases
provide life on Earth.

But there can be too much of a good thing, and we have literally
formed human civilization in a period of wonderful climate sta-
bility, where we have not been varying either the greenhouse gases
or much of the other part of the atmosphere. So we have had this
stability.

Now as we inject a whole lot of extra greenhouse gases, they are
just doing what physics does. So they are re-radiating, warming the
atmosphere, as you talked about, sir.

Senator SCHATZ. And tell me about the observations on page 3
of your testimony. It seems to me that there is a nearly one-to-one
relationship between global temperatures, CO,, fossil fuel consump-
tion, and sea level and ocean temperature. Is that about right?

Admiral TITLEY. Yes, sir. Everybody here at this table knows
that correlation doesn’t necessarily mean causality, but there has
been a lot of work shown

Senator SCHATZ. How would you establish causality in an experi-
ment involving our planet?

Admiral TITLEY. We only have one planet. That makes it kind of
tough to run the control case, if you will. So this is what the com-
puter models help you with.

Senator SCHATZ. Thank you.

Admiral TITLEY. But we only have one planet. Thank you, sir.

Senator SCHATZ. Thank you very much.

Mr. STEYN. Senator Schatz, could I comment on that? You said
that the four people

Senator SCHATZ. Mr. Chairman, I do have a meeting at 4:30
p.m., and I did not ask a question of Mr. Steyn. I apologize. I do
have to go.

Thank you.

Mr. STEYN. Well, I would like to make a comment on what
he——

Senator CRUZ. You are welcome to give a response, sure.

Mr. STEYN. I would like to make a comment on what he said be-
cause he said these people represent a tiny minority point of view.
The 97 percent consensus from these papers does not argue for the
kind of measures that are being discussed here today.

We are talking about the greatest—just to take the pro-climate
people at their word, we are talking about the greatest shift in the
global economy that has ever been contemplated. We hear a lot of
talk about risk management. This is a hell of a risk. And it re-
quires—if we are to take these pro-climate people at their word, it
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would require the greatest societal consensus—Ileft, right, and cen-
ter—across North America, Europe, and the developing world.

So to exclude, if you exclude Professor Christy, if you exclude
Professor Curry, if you exclude Professor Happer, if you exclude the
French weatherman who basically just lost his job for writing a
book countering climate change, if you refuse Professor Lennart
Bengtsson, whose career was destroyed because he wanted to meet
with a skeptic think tank—the great Swedish climatologist—if you
exclude the Nobel Prize winner in physics from 1973 and the Nobel
Prize winner in physics from 1988, you wind up with what has
happened to climate alarmism, where the polls show the real 97
percent consensus that only 3 percent of Americans view this as
their overriding priority.

The point that Admiral Titley made about things we could do, he
brought up—he brought up Superstorm Sandy as an example of cli-
mate change. You know what would have stopped Sandy? If they
would have built the same storm barrier that the Dutch coast has,
that the Russians have in St. Petersburg, and that London has
with the Thames barrier.

For a couple of billion dollars, you wouldn’t have had water in
the New York subway. But instead, when we talk about all the sav-
ing the planet stuff, the flood barrier never gets built. And that is
what elected legislators should focus on, the real issues involving
them now, not the pie in the sky stuff.

Senator CRUZ. Thank you, Mr. Steyn. And I would note Dr.
Titley made reference to dead white guys, and in response to Sen-
ator Schatz’s question about 97 percent of scientists and this one
bogus and discredited study, in the year 1615, I suspect if you
asked, 97 percent of scientists at the time would have said categori-
cally that the Sun rotates around the Earth.

And yet an individual named Galileo dared to actually be a sci-
entist and take measurements and stand up to that enforced con-
sensus. And I would note it was the Roman Inquisition that
brought heretics before it who dared to say that the Earth rotates
around the Sun, and today the global warming alarmists have
taken the language of the Roman Inquisition, going so far as label-
ing anyone who dares point to the actual science as a denier, which
is, of course, the language of religion. It is calling someone a her-
etic.

And anytime you hear people saying scientists should not ques-
tion the conventional wisdom, you are hearing someone advocating
essentially for the abolition of science.

Senator Udall?

STATEMENT OF HON. TOM UDALL,
U.S. SENATOR FROM NEW MEXICO

Senator UDALL. Chairman Cruz, thank you very much.

And you know, today we are having a hearing on climate change
science. And while this is an extremely important topic and great
for Senators to engage on, I am disheartened by the frame here.
It is called “data or dogma” is part of this title of this hearing.

And quite clearly, this hearing was called to inject controversy
and skepticism into the issue of climate science and research, to
cast doubt on the work of many scientists, including those at Amer-
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ican universities in all of our States, the National Laboratories—
New Mexico has two of those National Laboratories—and the Na-
tional Academy of Sciences, who have been researching the effects
of climate change and the impacts that humans are having on the
climate.

This year is almost over. It will likely be the warmest year on
record, and the current record holder, last year, 2014. The impact
is clear, and people are seeing it all over the world with rising sea
levels that increase drought.

The Southwest is in the eye of the storm. In New Mexico, tem-
peratures are rising 50 percent faster than the global average not
just this year or last year, but for decades. Through all of this, Con-
gress has been slow to act. We could be using this time right now
to push forward on strong, comprehensive energy policies that curb
greenhouse gas emissions.

So I want to turn to you, Dr. Titley. I was really interested in
your role as the lead oceanographer for the U.S. Navy and your
history of 32 years of service in the Navy. And I have a simple
question for you.

Do we have time to waste, in your opinion?

Admiral TITLEY. Senator, thanks, sir.

There is a saying in the Navy, in naval aviation that the two
things that are of no use to you is altitude above you or runway
behind you. Right now, we are putting runway behind us.

Now how much more there is, that is hard to say. But we are
certainly taking time that we should be using to start mitigating
this, and actually, some of the other witnesses have brought up
some things. I think Dr. Curry talked about more research and de-
velopment for energy.

We need to transform our energy system. The Federal Govern-
ment, the Congress can be very, very helpful on that. So, but we
are not doing that right now, sir, because we have these debates
that—which is fine. But at some point, we need to do something.

Senator UDALL. And you believe, I think, that it would be very
prudent to look at the science, which is overwhelming, and we have
heard the 97, 98 percent and proceed to do something in a bipar-
tisan way that is constructive and find solutions.

Were you always convinced that climate change is occurring?

Admiral TITLEY. I was—I think there is a YouTube video out
there or a TEDx talk I did. I talked about I was kind of a skeptic,
as I think—as the chair introduced me, I have—my degrees were
in meteorology. You see a lot of day-to-day variation in weather,
and you also see, when you take a look at weather models, back
when I started back in the dark ages of the 1970s, after about 3
days they weren’t really worth very much.

So it took me, honestly, a while to realize that in weather, it
really matters about how do you start those models. It is called ini-
tial conditions, for the science folks. Whereas the climate models
really work on boundary conditions. It is like how much energy is
coming in? How many greenhouse gases do we have? Where are
the continents? Where are the oceans?

And you realize that, and this is why the climate models are use-
less at telling you what it is going to be like today or tomorrow,
things like that. But they are pretty good at the overall trend.
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So when I looked at that and when, frankly, I was asked by the
Chief of Naval Operations, Admiral Gary Roughead, to look at this
for the Navy, I just said, well, what does the evidence show? And
that is where it really—I came to it.

So, you know, I am probably like the reformed smoker. But it
was really just simply looking at all these independent lines of evi-
dence. That, to me, said we have got an issue here, and we are
going to have to do something.

Senator UDALL. And Doctor, the evidence is right behind you on
that chart. That is the evidence you are talking about.

Admiral TITLEY. Just one——

Senator UDALL. Yes, one data point, but

Admiral TITLEY—to have a chart like that for the rising seas and
for many, many other lines. Yes, sir.

Senator UDALL. And do you believe science has progressed on cli-
mate, on climate change?

Admiral TITLEY. I think the evidence has shown that science in
many fields and including climate, it is not a nice linear process,
but fits and starts. So when you take things like, you know, wheth-
er it is different observation techniques, I mean, there is a paper
that just came out—I think I saw a day or two ago—from NASA
measurements, talking about maybe more snow in Antarctica. We
are going to have look at that, but that is interesting.

So we get these ups and downs. But overall, and we have seen
this in the IPCC and many other conclusions that the level of con-
fidence that the basic theory of greenhouse gases from the 19th
century is, in fact, correct.

Senator UDALL. Thank you.

Thank you, Mr. Chairman.

Senator CRUZ. Thank you, Senator Udall.

Senator Markey?

STATEMENT OF HON. EDWARD MARKEY,
U.S. SENATOR FROM MASSACHUSETTS

Senator MARKEY. Thank you, Mr. Chairman, very much for hav-
ing this hearing.

And hopefully, this will go better than Galileo because Galileo
was put under house arrest, Dr. Titley, in 1633. And the Catholic
Church did not issue an apology to Galileo until 1992. So we wish
you a long life so that 359 years from now, you can get the apology
you deserve for actually using scientific data to back up your argu-
ments here today.

2014 is the warmest year ever recorded. Is that correct, Dr.
Titley?

Admiral TITLEY. Yes, Senator. That is what I understand.

Senator MARKEY. That is what you understand. Now what would
that be based on? Science?

Admiral TITLEY. A whole lot of thermometers, yes, sir.

Senator MARKEY. Whole bunch of thermometers. A very, very so-
phisticated technology. So this is going back to the beginning of the
measurement of the temperature of the planet using thermometers.
So that goes back to 1880, 1870.
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Now I am told that the first 6 months of this year are the warm-
est 6 months ever recorded on the history of the planet. Is that cor-
rect?

Admiral TITLEY. Yes, sir. And I think that now extends to the
warmest November as well. So we are up to 11 months and count-
ing.

Senator MARKEY. The warmest October and the warmest Novem-
ber now ever recorded using thermometers, the same measurement
for about 150 years right now. Very clear calculations that have
been made. And so, so I guess we are pretty much 150 years into
the 359 years to getting kind of the apology from those who are the
deniers.

Now, you know, in Paris right now we have got just about every
single scientist in the world, every country in the world is there,
all saying the planet is dangerously warming and that the cause
of it is human activity. Even the Pope said that it is dangerous, to
name a Jesuit who taught high school chemistry. You actually get
somebody who says that, you know, it is happening, and it is
caused by human beings and that there is a moral responsibility
to do something about it.

So this panel that we have in this committee, this last redoubt
of denial on the planet, of all the countries on the planet, this last
place, you know, has the flip of witnesses that have every other
place. We have four here who deny it and one who believes in the
science.

And so we clearly here are at a historic moment, and there will
be a day when you get your apology, Dr. Titley, for being kind of
the sacrificial lamb here, like Galileo, standing up for actual
science. And so what we have here is just one of the clear national
security challenges of our time. Just as we were focused on pro-
tecting the planet from the threat of Communism in the 1950s, we
need to be focused on protecting the planet from the threat of cli-
mate change now.

We sit here in the Space, the Science, and the Competitiveness
Subcommittee, which has oversight over NASA. We should all be
cognizant of the fact that NASA was established in 1958 when this
country felt the very real threat of Communism. If we had ignored
that threat in the 1950s, America wouldn’t be the leader it is today.

And it was in response to the threat of Communist domination
in space when 53 years ago President Kennedy announced the am-
bitious goal of sending an American safely to the Moon. He told us
that we would need a giant rocket made of new metal alloys, some
of which had not yet been invented. It would have to be fitted to-
gether with a precision better than the finest watch, and it would
have to be returned to Earth safely at speeds never before reached
by humans. And it would all have to be done in less than 8 years.

President Kennedy urged us to be bold, and America responded
to his call not by saying it couldn’t be done, not by denying the
threat, but by boldly putting our scientists and our engineers to
work protecting our Nation and the world.

Today, a growing global danger lies in the cascading impacts of
climate change. Temperatures are increasing. Sea levels are rising.
More extreme rains are falling. The ocean is becoming more acidic.
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And all of this has consequences for people, public health, and for
prosperity.

That is why our national security, military, and intelligence lead-
ers have warned that a changing climate can worsen the tensions
that are fueling terrorism and conflicts around the world. More
than 50 years ago, we looked to the scientific community to help
protect our Nation from Communism. Today, the same scientific
rigor we used to send astronauts to space is used to evaluate our
changing climate.

And just as President Kennedy urged our Nation to be bold in
the space race, the global community is meeting in Paris right now
to hold bold action to protect our climate. But the Republicans’
message to the world is, Houston, we do not have a problem. And
that is the wrong scientific message.

They are once again questioning the integrity of the scientific
community and the basic scientific principles behind climate
change. The truth is the only thing that requires a serious sci-
entific investigation is why we are holding today’s hearing in the
first place.

Climate science stands on a foundation of more than 150 years
of research, laboratory experiments, demonstrated carbon dioxide
traps heat in the same year that Charles Darwin published on the
Origin of the Species. So we should listen to the planet’s doctors.
The more fossil fuels we burn, the more carbon pollution we put
in the air, the higher the risk for catastrophic climate con-
sequences.

But the Republicans’ response to this existential challenge is to
insist that the brightest minds of the United States of America who
once figured out how to send a man to the Moon and bring him
back safely can’t possibly figure out how to generate energy from
anything other than burning the cane plants that have been sitting
underground since the time of the dinosaurs.

But we all know that failure is not an option. There is no planet
B. We must solve this problem. The science dictates that we solve
this problem. It is time to stop denying the science and start de-
ploying the climate solutions.

Admiral Titley, we have heard a lot about temperature measure-
ments today. When I am feeling sick and I go to the doctor, she
takes my temperature. But the doctor always checks my blood
pressure, listens to my heart and lungs, and looks at my ears, eyes,
and throat to get a broader assessment of my health.

This chart behind me is NOAA’s assessment of the Earth’s cli-
matic vital signs. Yes, temperatures are going up, but so is the
heat in the ocean, the sea level, and the humidity. And snow and
glaciers and Arctic Sea ice are going down.

Do you agree, Dr. Titley, that a wide range of independent obser-
vations indicate that the planet is warming and the climate is
changing and that there are no emergency rooms for planets, and
we have to engage in preventive care?

Admiral TITLEY. Yes, sir.

Senator MARKEY. What would you say is the basis for your deci-
sion? Is it based on data, or is your answer based on dogma?

Admiral TITLEY. It is based on the evidence, sir.
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Senator MARKEY. It is based on the evidence. And I agree with
you, Admiral, and I thank you so much for your service to our
country, both in the active Navy and here today before this com-
mittee.

Thank you, Mr. Chairman. I yield back.

Senator CRUZ. Thank you, Senator Markey.

Senator Nelson?

Mr. STEYN. Dr. Curry wanted to respond to the Senator——

Dr. CURRY. Is it possible for me to respond? You basically——

Senator MARKEY. I did not ask for—ask you a question.

Mr. STEYN. Really? Why can’t she respond, Senator?

Dr. CURRY. Yes, I was——

Senator CRUZ. Dr. Curry, you are welcome to——

Mr. STEYN. You impugned her integrity. I think she is entitled
to

Senator CRUZ. You are welcome to respond, Dr. Curry.

Dr. Curry. I was basically called a denier, that I am denying
science. Did you read my written testimony? Are you aware that
the IPCC and the consensus has no explanation for the increase of
ice in the Antarctic? Are you aware that they have no explanation
for the fact that the rate of sea level rise from 1920 to 1950 was
as large, if not larger, as it currently is?

Are you aware that temperatures have been warming for more
than 200 years and that in the 20th century, 40 percent of the
warming occurred before 1950, when carbon dioxide was not a fac-
tor in the warming. OK. And I could go on and on. Many of these
issues are raised in my written testimony.

And most of it is pulled from the IPCC itself. The IPCC has an
explanation for—so it says, for warming during the period 1975 to
2000. It doesn’t have an explanation for the flat period since 2000.
It doesn’t have an explanation for the early century——

Senator MARKEY. Dr. Mair, as I just said in my—Doctor, as I just
said in my testimony, corroborated by Dr. Titley, this is the warm-
est year ever recorded. Last year is the warmest year ever recorded
until this year. This is the warmest November ever recorded. Octo-
ber is the warmest October ever recorded.

You do not have an answer for that, Dr. Mair. You continue to
ignore the chart, which Dr. Titley has over his left shoulder. He
has documented for this committee the warming trend, which is in-
exorable, inevitable in terms of its consequences unless we take ac-
tion here.

That is the science you are having a hard time in responding
to

Dr. CURRY. No, the issue——

Senator MARKEY.—here, Dr. Mair

Dr. CURRY. The issue is what is causing the warming? Is it nat-
ural variability, or is it humans?

Senator MARKEY. Like Galileo, he said, no, the science——

Dr. CURRY. Are you aware

Senator MARKEY. The science—the science is clear. You are de-
pending upon something that perhaps is God made rather than de-
pendent upon something that is manmade, which is anthropogenic
and documented by 97 percent of all of the scientists——
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Mr. STEYN. Are you saying there is no natural variability, Sen-
ator?

Senator MARKEY. What I am——

Mr. STEYN. There were alligators at the North Pole. What was
that? Was that you in your SUV?

Senator MARKEY. What I am saying is that this warming is
something that while it may have a variability year to year in spe-
cific parts of the planet, that the trend is straight up.

Mr. STEYN. Yes, do you know what—do you know what the Little
Ice Age was, Senator?

Senator MARKEY. And again, it is climate change. We had 110
inches of snow in Boston last year, with measurements of water 21
degrees warmer than normal off of the coast of Massachusetts, OK?
This was an unusual event for us.

The warming of the ocean intensifies the amount of precipitation
when Arctic air hits that water. Now if you want to deny that, if
you want to ignore that these changes are taking place and that
they are having a dramatic impact, then you are in the right place.
You are in the right

Mr. STEYN. Do you know what the winters were like at Plymouth
Rock? Do you know what the winters were like at Plymouth Rock,
Senator?

Senator MARKEY. Well, here is the thing. We

Mr. STEYN. You don’t. How long has your family been in Massa-
chusetts?

Senator MARKEY. We are new arrivals, and I have to admit——

Mr. STEYN. You should have been there in 1750.

Senator MARKEY. The Irish weren’t arriving in 1750. So I apolo-
gize for being late to the country, and I will have to chastise my
grandparents for not leaving until the economic conditions in 1902
forced them here.

But that notwithstanding, there is as much consensus that man
is causing climate change as there is in Galileo’s original theory,
and all which——

Mr. STEYN. What percentage of climate change is man causing,
Senator?

Senator MARKEY. Excuse me, sir?

Mr. STEYN. What percentage of climate change is anthropogenic?

Senator MARKEY. Well, according to the scientists who are in
Paris right now, which would fill pretty much the entire space of
the building in which we are in right now, and the number of
deniers would still be the ones who are

Dr. CURRY. Are you aware

Mr. STEYN. What percentage, Senator?

Dr. CURRY. Are you aware of a recent survey of the professional
members of the American Meteorological Society? When asked the
question how much is the recent changes natural versus human
caused, 52 percent of the membership said it was majority human
caused.

Senator MARKEY. Dr. Titley? Dr. Titley, could you respond to
that question in terms of what you believe is the amount of warm-
ing that is relatable to human activity?

Admiral TrTLEY. Thanks, Senator.
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Right now, there is—as has been pointed out, there are natural
variations, things like volcanoes, things like changes in sunlight.
And then there is something called internal variations, and these
are the oscillations or basically the back-and-forths of the ocean
currents. So even if you had no change and forcing.

But what we are doing is we are changing and forcing, and I
think the IPCC has come down pretty strong, along with multiple,
multiple National Academy panels, saying that the human-caused
forcing is very, very significant. That doesn’t mean there isn’t nat-
ural variability. It doesn’t mean there is not internal variability.

But the human-caused forcing is very significant, and that is, I
think, what we need to deal with.

Senator CRUZ. Thank you, Dr. Titley.

Senator Nelson?

Senator MARKEY. And could I just make—I agree with you, and
I agree with this Pope. I disagree with the Pope in 1632. This Pope
is correct, and we have a moral responsibility to act.

Thank you, Mr. Chairman.

Senator CRUZ. Senator Nelson?

Senator NELSON. Thank you, Mr. Chairman.

My approach to this is a little more “coolly aloof” and look at
facts. Admiral, the chart behind you, is that a measurement of sur-
face temperature?

Admiral TITLEY. Senator, thank you, sir.

It is near surface temperatures. Basically, it is about 10 feet
above the—you know, 6 to 10 feet above the surface. So for all in-
tents and purposes, it is surface temperatures.

Senator NELSON. That surface temperature would reflect that
heat, most of which is absorbed by the oceans. Why don’t you give
us your perspective on that as an admiral?

Admiral TITLEY. Thanks, sir.

The oceans are absorbing roughly 90 percent, nine zero percent
of the excess heat. What I have told people is that if you think of
the—you know, when you study climate, try to get more and more
oceanographers involved, and the oceanographers are certainly in-
volved because that is where the action is, that is where the heat
is. It is sort of like why did Willie Sutton rob banks? It is where
the money was.

So the heat is in the oceans, and then the atmosphere is sort of
the tail on the dog. The atmosphere gets sort of driven, ups and
downs, depending on what the ocean is doing. So the heat is in the
ocean, Sir.

Senator NELSON. And when water is heated, what happens to it?

Admiral TITLEY. It expands.

Senator NELSON. Right. And therefore, that would indicate a rea-
son why we are seeing sea level rise?

Admiral TITLEY. Yes, sir.

Senator NELSON. Not just the melting of glaciers and that addi-
tional displacement of water, but mainly from the absorption of the
oceans, which cover two-thirds of the Earth, of the heat—the ab-
sorption of the heat. Is that right?

Admiral TITLEY. Yes, sir. The scientists would call it thermal ex-
pansion. It is the expanding of the water.
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Senator NELSON. Are you familiar with the satellite, it is really
not a satellite, it is a spacecraft named Discover that was put up
earlier this year at a Lagrange point a million miles from Earth
between the Earth and the Sun?

Admiral TiTLEY. Yes, sir. I think it is at what the scientists
would call L1.

Senator NELSON. That is correct. There is an instrument—there
are four main instruments on that spacecraft, but there is an in-
strument that looks back continuously at Earth to measure the
heat in and heat out.

If in addition to our surface temperatures and other instruments
that measure, if we get the total amount of heat being radiated
into the Earth’s atmosphere and we measure the total amount of
heat coming out and subtract one from the other, we should be able
to have a very precise measurement of the amount of heat that is
trapped in the Earth’s atmosphere?

Admiral TITLEY. Yes, sir.

Senator NELSON. OK. Now this heat that is trapped in the at-
mosphere, the Sun’s rays come in, and normally, when they hit the
Earth’s surface, some are absorbed, but some radiate back out into
space. Is that correct?

Admiral TITLEY. Yes, sir.

Senator NELSON. If there is something trapping that heat from
being radiated back out into space, you naturally would start to
have the heating up of the Earth’s atmosphere, and you, as a cli-
matologist, would you speculate that that would be gases such as
CO2 and SO?

Admiral TITLEY. Senator, yes. I mean not as a climatologist, but
just basic—basic physics. There are greenhouse gases that re-radi-
ate or trap, as you said, the heat, and that actually allows us to
have life on Earth. Yes, sir.

Senator NELSON. So that could be another reason that reflects
Khy ?the surface measurements are showing the chart that you

ave?

Admiral TITLEY. As we increase the greenhouse gases, the tem-
perature should come up. And that is what we are seeing. Yes, sir.

Senator NELSON. Would you answer one more question, and we
have not covered this today. The Department of Defense is quite
concerned about the heating up of the Earth because of the impli-
ca“c?ions for our national security. Would you trace a few of those for
us?

Admiral TITLEY. Yes, sir. So the Department of Defense, in their
2014 Quadrennial Defense Review, they talk about climate change
really in three ways. They talk about increasing risk of conflict and
instability overseas, the impacts of Department of Defense oper-
ations on operations people in installations, and also the impact of
stability, development, human security, and other nations. So that
was in 2014.

Later on in 2014, the Department of Defense, they released their
Climate Change Adaptation Roadmap. Really, that assessed cli-
mate change. It directed the department to assess climate change
impacts on infrastructure, commissions, and activities; fully inte-
grate climate considerations across a full range of department mis-
sions and activities; collaborate with partners internal and external
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to better understand what is going on; and also a bureaucratic
part, they designate a climate change officer.

If I may, sir, just one more thing. Just a few months ago, the ge-
ographic combatant commanders released an assessment, a report
to the Congress. So these are the four-star admirals and generals
who have direct control over the operating forces. They report to
the Secretary of Defense and President.

They had four issues, primarily issues. Persistently recurring
conditions, such as flooding, drought, higher temperatures. More
frequent and more severe extreme weather events that may require
more humanitarian assistance and disaster relief, or support—de-
fense support of civil authorities here in the United States.

The sea level rise and the temperature change, greater chance of
flooding in coastal communities, adverse effects impacting naviga-
tion safety, damages to infrastructure, displaced populations. And
then, finally, the Arctic. As the Arctic changes, that is a whole cat-
egory to itself.

I will stop there, sir. But those are just some of the more recent
documents that the Department of Defense has released concerning
climate change.

Senator CRUZ. Thank you, Senator Nelson.

All right. We are going to have a second round, and then the
hearing will conclude.

I want to start with Dr. Curry. When Senator Markey was ha-
ranguing you, he said that you had no response to his assertion
that 2014 was the hottest year on record. Am I correct that NASA
stated that that assertion, that 2014 was the hottest year on
record, that they had a 38 percent level of confidence in that, which
means that 62 percent or substantially more likely than not 2014
was not the hottest year on record? Is that an accurate statement?

Dr. CURRY. Yes, basically, 2014 was, according to the NASA/
NOAA datasets, in a statistical tie with 2010 and 2005. The U.K.
dataset, which has, I think, more credible error bars on their
dataset, found that it was in the top 10 warmest years. They
couldn’t fine-tune it anymore than that, given the great uncertain-
ties in the reconstruction of global surface temperature data.

And I think the uncertainty levels are really too low on all of
those estimates, in my opinion.

Senator CRUZ. And indeed, NOAA included 2014, 2010, 2005,
2013, and 1998, five different years as potentially being tied for
being the warmest?

Dr. Curry. Correct.

Senator CRUZ. The last hearing I chaired when Mr. Mair, who
should have been sitting next to you, testified, he told the Sub-
committee, “Our planet is cooking and heating up and warming.”

Does the evidence and data we have been discussing support the
assertion that the planet is cooking?

Dr. CURRY. Not cooking, no.

Senator CRUZ. And indeed, another reference was made by Sen-
ator Markey to the measurements. Now I would note none of the
Democratic Senators who participated in a press conference earlier
today saying how dare you ask the data, not a single Democratic
Senator addressed the satellite data. Not a single Democratic Sen-
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ator addressed the fact that for 18 years there has been no signifi-
cant warming recorded.

Because, I suppose, it is contrary to their computer model and
to their political desire to massively increase Government control
of the economy and impose trillions of dollars of cost on people who
can’t afford it. But let us turn to the different measurements, not
the satellite data, and if we can put up the next two charts?

These next two charts are from the United States Historical Cli-
mate Network. These are the measurements of the thermometers
that are measuring climate change. And these in particular record
the adjustments that NOAA has done to the climate data.

Chart on the left you can see that between 1900 and 1960,
NOAA made relatively few adjustments, and they were relatively
minor. And then we see that for the more recent years, they have
been adjusting them upwards. And the adjustments consistently
are upwards. They are never adjusting downward.

Now the chart on the right likewise looks at the raw numbers
are on the top. The raw numbers demonstrate a fair degree of uni-
formity. But the adjusted numbers, the old temperatures are cool-
er, and the new temperatures are warmer.

Dr. CUurry. Well, the different—there is a number of different
groups who do global temperature datasets, and they have different
methods for dealing with spatial representativeness, missing data,
changes in temperature, measuring instrumentation, adjusting for
the time of day, all sorts of different adjustments that they make.
And the adjustments, as you can see, are rather huge, OK?

So should we—so, to me, the error bars should really be much
bigger if they are making such a large adjustment. So we really
don’t know too much about what is going on in terms of, you know,
it is a great deal of uncertainty. Yes, I do believe that we have
overall been warming, but we have been warming for 200, maybe
even 400 years, OK? And that is not caused by humans.

OK. There is natural variability involved. And this is exactly
what has not been sorted out.

Now the ocean—the ocean temperature is the current focus of
controversy. I mean, the land datasets are sort of starting to agree,
but there is a great deal of controversy and uncertainty right now
in the treatment of the ocean temperatures. And that has not been
sorted out.

And so especially looking in the recent period, if we are trying
to sort out what is going on with the hiatus or the pause, we need
to look at the satellite data. I mean, this is the best data that we
have and is global, and we need to sort out the differences between
the satellite and the surface observations. And then there is the
numerical weather prediction reanalysis data simulation systems
that give us a global view, and we haven’t been really using that
for climate purposes, and I think we need to.

So the work is just starting in terms of trying to sort this out.
And we don’t have

Senator CRUZ. Now, Dr. Curry, you said something very impor-
tant there in that you said the satellite data are the best data we
have. Can you explain, as a scientist, why that is the case?

Dr. Curry. Well, it is global coverage. It is not a simple measure-
ment. You have to do, you know, a retrieval and weighting func-
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tions, and it is a complex problem. But it is reasonably well cali-
brated and consistent over the last 30-ish years.

Senator CRUZ. And not a single Democratic Senator had any re-
sponse to the satellite data that demonstrates their entire theory
of global warming for 18 years hasn’t been happening?

Dr. CURRY. Yes. I mean, we need to sort this out rather than ig-
nore it. I mean, this is what I am concerned about.

Senator CRUZ. And Mr. Steyn, you look like you want to make
a comment.

Mr. STEYN. Yes, ——

Senator CRUZ. I want to ask a question on this because you also
are quite familiar with the cooking of the books

Mr. STEYN. Right.

Senator CRUZ.—of the hockey stick, and indeed, Dr. Curry, you
mentioned Climategate and the scientists receiving a whole lot of
funding to conclude global warming was occurring and then adjust-
ing their results to reflect that. I would note if you systematically
add, adjust the numbers upwards for more recent temperatures,
wouldn’t that, by definition, produce a dataset that proves your
global warming theory is correct?

And the more you add, the more warming you can find, and it
just—you don’t have to actually bother looking at what the ther-
mometer says. You just add whatever number you want?

Mr. STEYN. No. That is what is fascinating about this. Could you
just tell me the left-hand data on your chart, Senator? What is it?
I can’t quite see it from here.

Senator CRUZ. On the left——

Mr. STEYN. On the right-hand chart, the blue and red line, what
is the

Senator CRUZ. In both of them, it is 1900.

Mr. STEYN. 1900. So you look at the blue line, you look at the
red line, this is the adjustment of figures that is going on.

Senator CRUZ. Yes.

Mr. STEYN. What has happened since the global warming pause
is that the public does not trust the alarmist establishment to tell
them what the climate will be like in the year 2050. What that
chart shows is why the public is moving to a new position now
where it doesn’t even trust these Federal agencies to tell them
what the climate was like in 1950 or 1920 or 1900.

And that is interesting. If these adjustments are merited, if an
adjustment in the official recorded observed temperature because
Gavin Schmidt at NASA wasn’t standing out by the thermometer
in the year 1920, but he suddenly decides a century on—what are
we now, 95 years on—the 1920s temperature needs adjusting, that
tells you how uncertain the science is.

I would also like, Senator, just to say a word about this whole
national security thing because I have never heard anything quite
so ridiculous. We are a country in which we have an enemy over-
seas who so-called radicalizes suburban couples in California who
go out and kill people. But we are planning now for global security
threats a century hence because the Maldives might have been
swept away by water by then.
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The entire population of the Maldives are all Sunni Muslim. So
they will fit in perfectly fine if they all move to this Brussels sub-
urb that produced the shooters in Paris.

But the biggest—climate change is irrelevant to the long-term
patterns. And I cannot tell you how absurd it is to be talking about
climate change as a security threat compared to, say—just to pluck
at random—population. In 1920, the British Isles and British West
Africa had the same population, about 45 million people for Eng-
land, Scotland, Ireland, Wales on the one hand and what are now
Nigeria, Sierra Leone, Ghana, the Gambia on the other hand.

Now the British Isles has a combined population—England, Scot-
land, Ireland, Wales—about 69 million, and British West Africa
has a population of 250 million. So the security threat is exactly
what we see in Europe at the moment that Niger, a country that
can’t—that has increased its population by 50 percent in this cen-
tury, since the year 2000, and had millions of starving people al-
ready that it couldn’t feed and is expected to increase its popu-
lation tenfold by the end of the century, and all those people are
just 1going to get on a boat and walk into Italy, Greece, Spain, Por-
tugal.

And the idea that somehow climate changes impact on that is ab-
solutely trivial to the remorselessness of those numbers. And I un-
derstand that governments find it easier to deal with cloud-cuckoo
fantasyland, saving the planet type issues. But this is a complete
waste of time for an already-beleaguered Defense Department hav-
ing difficulty fighting the wars it is actually in right now in Af-
ghanistan and Iraq and elsewhere suddenly dealing with sea levels
in the Maldives in the 22nd century.

It is completely preposterous and complete waste of time.

Senator CRUZ. So I will leave that aside for a moment.

[Laughter.]

Senator CRUZ. And simply observe if we look to the satellite data,
we see for 18 years no significant recorded warming. We see no re-
sponse from the Democratic Senators.

If we look to the raw data, according to the raw data, 1940, it
appears from this chart, the 5-year mean temperature was higher
than it is in recent time. But once you adjust it, if you subtract
from the old temperatures and add to the new ones, then you can
have measurements that reflect your theory.

Dr. Happer, you wanted to comment on this?

Dr. HAPPER. Yes, I just wanted to say one more thing about the
satellite data, and that is that they are cross-calibrated with
weather balloons all over the world. And so it is not simply a cou-
ple groups measuring satellites. There is a quality check that goes
0}1, and there is no similar check for the surface data that I know
of.

Senator CrRUZ. It is a very good point, and indeed, Dr. Christy’s
chart, as he described, was an average of several measurements of
both the satellites and the weather balloon.

If we could move to the next two charts, I want to—the final line
of questioning I want to address is the effect of censorship, of dog-
matism, of intimidation. So both of these come from barack
obama.com, a website I will admit I don’t spend a lot of time perus-
ing.
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On barackobama.com, the President of the United States is
issuing a call, “Call out the climate deniers. Too many of our elect-
ed officials deny the science of climate change. Along with their
polluter allies, they are blocking progress in the fight against cli-
mate change. Find the deniers near you. Find the heretics and call
them out today.”

And indeed, they show a number. And I will say when I first
looked at that chart, I was quite disappointed. I thought I was
omitted, but then I discovered I am, indeed, included, along with
a number of other elected officials. Indeed, I might note, a number
of elected officials.

What does it do to scientific debate when anyone who dares ques-
tion political ideology is branded a denier and a heretic? What are
the consequences in the academic world when that occurs? Dr.
Curry?

Dr. CURRY. There is a chilling effect, OK? People keep their
heads down. They look for opportunities just to do something else
and to move on, retire, get out of the business. I have talked to any
number of scientists who have done this, recent Ph.D. recipients on
up to very senior scientists. It has a very chilling effect.

As a tenured scientist who is relatively senior, I felt sufficiently
secure to speak out. But younger scientists, scientists who are not
tenured, fear for their jobs. They have mortgage payments, what-
ever, and you know—and kids to support. They can’t afford to
speak out.

The social contract currently between the Obama Administration
and climate scientists is if you say alarming things, you will get
plenty of funding. That seems to be how it is working. And that
is very, very pernicious for science.

Senator CRUZ. And do you get funded——

Dr. CURRY. I am

Senator CRUZ.—if you are researching anything other than the
orthodoxy of global warming alarmists?

Dr. CURRY. I am no longer applying for government grants. I
can’t get funded to do anything I want.

Senator CRUZ. Let me speak more in the aggregate. Does one get
funded? If one is a scientist and one—you know, I recall being back
in high school and studying science, the scientific method that you
started with a hypothesis, and then you look to evidence to prove
or disprove the hypothesis. And often disproving it is the more use-
ful thing to try to do.

Do those who are actually trying to disprove the hypotheses—
mind you, the hypotheses that will drive up the electric bills and
the cost of living for millions of Americans, will hurt people who
are struggling, will hurt single moms, will hurt Hispanics, will hurt
African Americans. Does anyone doing any research that might
contradict the political dogma, are they at all likely to get funding?

Dr. CurRry. OK. The funding—the issue is this. The funding
agencies do a call for proposals or an announcement of opportunity,
and they are already implicitly assuming that human-caused cli-
mate change is dangerous. There is not even an opportunity or
something that even makes sense to submit a proposal.

Senator CRUZ. All right.
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Dr. CURRY. So that is the real problem. So a lot of the skeptical
research is really being conducted by independent scientists who
are not asking for any Government funding.

Senator CRUZ. OK. So my final two questions. One of the letters
that the minority has submitted into the record is a letter from the
American Association for the Advancement of Science. A sentence
within that letter.

“We are committed to the principle that scientific inquiry and
open scientific communication, regardless of field of study, should
proceed unhampered by intrusions on academic freedom.”

Now that is a noble-sounding statement and one that I—with
which I agree emphatically. I want to ask the members of the
panel, how does that noble sentiment comport with the call from
our colleague Democratic Senator Sheldon Whitehouse that anyone
who dares dispute the global warming alarmist orthodoxy should
face criminal prosecution under RICO?

Are those two statements somehow compatible, that you can
have academic freedom and robust debate when you have got poli-
ticians saying we will criminally prosecute you as a racketeer if you
dispute our political orthodoxy?

Dr. CURrry. Well, that statement by Science, the AAAS is really
a myth because about 2 months ago, well, maybe 3 months ago, the
editor of Science, Marcia McNutt, had an op-ed in Science that said
the debate is over. Urgent action needed, essentially. And this was
the editor of Science, which is the flagship journal of the American
Association for the Advancement of Science.

When an editor of a scientific journal makes a statement like
that, it gives all of the editors a license to completely ignore any
publication that is submitted that questions a consensus, and this
is the real pernicious thing that is going on. So right now we are
more ruled by the RICO mentality than we are by those lofty senti-
ments expressed by the American Association for the Advancement
of Science.

Mr. STEYN. Senator, you said your parents were, I think, mathe-
maticians, statistical modelers. We have had a lot of talk today
about climate science. I compiled a book that you were kind enough
to mention the title of, and what was fascinating to me about that
book was that climate science evolves. Twenty years ago, it was ba-
sically a branch of—30 years ago, physical geography. Now it is ba-
sically computer modeling.

Yet at the same time, the majority of statisticians who look at
the climate models think they are grossly unprofessional. Mathe-
maticians and statisticians who look at the—at the way these cli-
mate models and the way the hockey stick were constructed are not
onboard with it at all. A majority of engineers are not onboard with
it. A majority of physicists, non-climate physicists are not onboard
with this.

So this idea that climate science is this hermetically sealed spe-
cialty that is sealed off from the rest of the world is nonsense. Cli-
mate science, there is—you have dendrochronology types. You have
statistical modeling types. And there are elements of all in the
work that they do. But certain people—mathematicians, engineers,
statisticians—are not onboard with this.
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And Judith mentioned—dJudith mentioned Science magazine. Na-
ture magazine went even further. They are the two most pres-
tigious science journals on the planet, Nature and Science. And Na-
ture printed a statement recently from a group of climate scientists
who said, “Climate justice,” climate justice is more important than
democracy.

So that the fake 97 percent consensus is no longer enough. The
fake 97 percent consensus of so-called climate scientists now has to
trump the 51 percent of the electorate.

No science in history has conducted itself like this, and it would
be unrecognizable to Sir Isaac Newton or Charles Babbage or the
Curies to see a self-sustaining, malign, politico science nexus sup-
porting itself and excluding all other voices. It is at odds with sci-
entific inquiry across the centuries.

Senator CRUZ. Let me—in 2009, August 31, 2009, then-Senator
John Kerry, as I discussed in my opening, said, “Scientists project
that the Arctic will be ice free in the summer of 2013. Not in 2050,
but 4 years from now.” The nice thing about this is, unlike theories
that can’t necessarily be disproven, this is actually a statement
that can be tested by actual facts and evidence.

Dr. Happer, was it, in fact, accurate in the summer of 2013 the
Arctic was ice free?

Dr. HAPPER. No, it certainly wasn’t ice free. But if I could follow
up on something my colleague just said, this dogmatism is not un-
precedented. If you look at the Soviet Union, for 30 years, Lysenko
had complete control over biology. You got fired or worse if you
didn’t agree with his brand of biology.

And that was finally brought to an end, partly because of people
from other fields. For example, Andrei Sakharov, the inventor of
the Soviet hydrogen bomb, led some of the opposition because he
had enough stature to stand up and push back.

But most people were afraid. So there was a state of fear that
was actually quite a bit worse than that associated with climate
science right now. It is a good lesson to remember.

Senator CRUZ. And my final question, Dr. Titley, based on your
three decades serving in the Navy, do you agree with President
Obama, who said holding a global warming summit in Europe was
a powerful rebuke to the ISIS terrorists who just committed a hor-
rific act of terrorism in Paris and, indeed, likewise in San
Bernardino?

Admiral TITLEY. Senator, thanks, sir, for the question.

The way I describe these geostrategic risks of climate change, cli-
mate is the risk, and it makes the threats, threats such as ISIS
worse. So this doesn’t—this is not an either/or. It is not a false

Senator CRUZ. But I am asking your judgment as a military man
if you agree with President Obama that holding a global warming
summit was a powerful rebuke to the ISIS terrorists? I find that
statement absurd on its face.

I am asking, based on your military judgment, do you agree with
the President?

Admiral TITLEY. We have to address both, sir. Thank you.

Senator CRUZ. From your declining to answer, I take it that the
inference of that is that your answer is no?
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Admiral TITLEY. My answer is, sir, we have to address both the
risk of climate change and the threat of ISIS.

Thank you.

Senator CRUZ. Thank you.

Senator Peters?

Senator NELSON. Mr. Chairman, I am going to go first, with your
permission.

Senator CRUZ. Senator Nelson?

Senator NELSON. And Mr. Chairman, I might say, just sup-
porting the Admiral, sea level rise is a threat to an area such as
Bangladesh. It would cause a huge—it will cause a huge displace-
ment of population, which will cause turmoil, which is the condi-
tions that are ripe for extremists to exploit.

So there are answers to that, and I would just conclude my re-
marks by saying, you know we have been talking about censorship
here. Mr. Chairman, you are my friend, and as you know, I am re-
spectful to you and the other Senators. I find it somewhat ironic
that we are talking about censorship against those that speak
against climate change when, in fact, it has been exactly the oppo-
site over and over.

And it was so much so that we saw examples where various lev-
els of government said that you couldn’t even use the term “climate
change” that I offered an amendment in March in front of the full
Senate. A majority voted for my amendment, including two Repub-
gcan members of this committee, Senator Rubio and Senator

yotte.

And so when we start talking about muzzling of scientists, I
think we better watch out how we are talking about which side is
trying to do the muzzling because that amendment to prevent muz-
zling of scientists on the subject of climate change, it actually had
a majority, and it was a bipartisan majority that voted for it in the
Senate.

Thank you, Mr. Chairman.

Senator CRUZ. Thank you, Senator Nelson.

Senator Peters?

Senator PETERS. Thank you, Mr. Chairman.

And I certainly have enjoyed the hearing and the testimony, but
actually, to pick up on comments by Senator Nelson about muz-
zling, certainly that didn’t occur in this hearing. We heard from
three witnesses, scientific witnesses, as well as the political com-
mentator about issues related to climate change that represented
a particular point of view that is not shared by the vast majority
of the scientific community, has been very clearly demonstrated in
numerous documented studies, the 97 percent figure, for example,
that has been documented by a number of studies.

So I was curious. We had three folks testifying with concerns
about the science. And if you look at it in a ratio of 97 folks, we
had 3 scientists who had some questions who represent not 60 per-
cent of the scientific consensus. We have Mr. Steyn, the political
commentator, which I know if we had all the political commenta-
tors on both sides of the issue, it would be a lot more than one out
of five, I am sure. It would probably fill several rooms here.

Dr. Titley, you were here by yourself. But if we put it in perspec-
tive, we had the three that took this perspective, and I think there
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is probably—I don’t know if there is 100 people in this room, but
probably everybody else in this room would have a different posi-
tion.

Certainly, as policymakers, this is about leadership. It is about
making decisions. It is about someone who has to make decisions
that are going to impact the country.

Dr. Titley, we talked about military commanders that have to
make decisions based on intelligence reports and best estimates of
the risk involved and then weigh that against the potential con-
sequences. That is exactly what we have to do here in this com-
mittee. It is what we have to do as U.S. Senators is that we have
to listen to experts.

I am not a climatologist. I rely on climatologists to give me infor-
mation and then make policy decisions based on that. And often-
times, it is—this is about weighing, weighing the opinions of folks,
and in this case, the scales of justice are weighing are clearly on
a side different than what we have heard from four of the five wit-
nesses.

So today you had that opportunity to present that view and in
a very unbalanced way. It would have been great if we could have
had 100 scientists and had 97 telling us one thing and the 3 of you
something else. That is not what we had, but I think it is impor-
tant to keep that image in mind.

And if we are going to be serious policymakers that are going to
make decisions that are going to impact this country and are going
to impact the world, we have to make decisions based on expertise
from those who understand this science better than anyone. And
that is where I come. I try to come from a dispassionate side. Let
us listen to the science. Let us listen to folks who are experts.

And that is why I am disappointed that we didn’t have a more
balanced hearing, but I certainly appreciate your testimony, Dr.
Titley. And I would like to just ask you a few questions related to
that because we heard quite a bit about satellite data. And Chair-
man Cruz had a line of questioning related to that.

And I am concerned that from listening to that, people might
think that satellites are just basically thermometers in space run-
ning around. We know that that is not the case. In fact, I would
like to enter into the record, Mr. Chairman, this report that is a
2006 Synthesis and Assessment Report of the U.S. Climate Change
Science Program.

And it really underscores the difficulty in using satellite data in
that it is a complex numerical model that converts satellite obser-
vations to—in order to determine temperature. If we could put that
in, I would appreciate it.

Senator CRUZ. Without objection, it will be entered in the record.

[The information referred to follows:]
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Pr'a:\.lious[yr reported discrepancies between the amount of warming near
the surface and higher in the atmosphere have been used to challenge the
reliability of climate models and the reality of human-induced global warmi

Specifically, surface data showed substantal global-average warming, while
early versions of satellite and radiosonde data showed little or no warming
above the surface. This significant discrepancy no longer exists because errors
in the satellite and radiosonde data have been identified and corrected. New
data sets have also been developed that do not show such discrepancies.

This Synthesis and Assessment Product is an important revision to the

conclusions of earlier reports from the U.5. National Research Council and
the Intergovernmental Panel on Climate Change. For recent decades, all
current atmospheric data sets now show global-average warming that is
similar to the surface warming, While these data are consistent with the
results from climate models at the global scale, discrepancies in the tropics
remain to be resolved. MNevertheless, the most recent observational and
model evidence has increased confidence in our understanding of observed

climatic changes and their causes.
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Report Motivation and Guidance for Using
this Synthesis/Assessment Report

Authors:

Thomas R. Karl, NOAA; Christopher D. Miller, NOAA; William L. Murray, STG, Inc,

A primary objective of the U. 5. Climate Change Sci-
ence Program (CCSP) is 1o provide the best possible
scientific information to suppon public discussion and
povernment and private sector decision-making on key
climate-related issucs. To help meet this objective. the
CCSP has identilied an initial set of 21 synthesis and
assessment products that address its highest priority
research, observation, and decision-support needs.
This Symhesis/Assessment Report, the first of the 21
Reports. focuses on understanding the canses of the

ported differences b ind lently produced
data sets of atmospheric temperature trends from the
surface through the roposphere o the lower strato-
sphere.

This topic is relevant 1o policy-makers because previs
ous discrepancies between surface and tropospheric
temperature observations challenged the correciness
of climate model simulations and the reality of green-
house gas-induced global warming. As described in
the Exccutive Summary, considerable progress has
been made in resolving many of these eadier discrep-
ancics

Background

the causes of the apparent differences in the repored
rates of temperature clanges between the surface and
the troposphere.

Scientists analyzing the data knew that there were
complex and unresolved issues related 1o inadequacies
of observing systems that could lead to misleading
impressions or misinterpretation of the data. There
were also uncertainties in our understanding of how
the climate might respond to various forcings, as is
often assessed through the use of climate models. In
anattempl 1o resobve these issues, in 2000 the National
Research Council (NRC) specifically addressed the
issue of trends in the here and at
the surface. Inits Report, the NRC concluded that “the
warming trend in global-mean surface temperature
observations during the past 20 vears is undoubiedly
real and is substantially greater than the average mie
of warming during the twenticth century. The dispar-
ity between surface and upper air trends in no way
imvalidates the conclusion thai surface temperature has
been rising.” The NRC further found that corrections
in the Microwave Sounding Unit (MSU) processing

brought the satellite data record into slightly

closerali with surf: ds. They

Measurements of global surface air temp show
substantial increases over the past several decades. In
the early 1990s, data From the National Oceanic and
Atmospheric Administration’s (NOAA's) polar orbit-
ing satellites were analy zed for mulii-decadal trends.
These initial indi d that global

P inthe howed little or no in-
crease, in contrst with i from

luded that the disparity that remained
probably reflected a less rapid warming of the tropo-
sphere than the surface in recent decades due to both
natural and human-induced causes.

In 2001, the Intergovernmental Pancl on Climate
Change (IPCC) Third Assessment Report devoied

ships. land-based weather stations, and occan buoys.
This result led some o question the reality andior the

1o new analyses of the satellite,
weather balloon, and surface data 1o evaluate the differ-
ence in lemperature trends between the surface and the

here. Similar o the NRC, the IPCC concluded

canse of reported global surface I
increases, on the basis Uhat human influences, thought
to be important contributors to observed clange. were
expected 1o increase temperaturcs both at the surface
and in the troposphere, with the largest increases
d in the tropical 1 This bed fo an in-

than it was very likely that the surface temperature
increases were larger and differed significantly from

I higher inthe 1 They
concluded, “during the past two decades. the surface,
most of the 1 and the here have

tensive effon by climate 1o better

v to climate forcings because

v
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house gas-induced global warming. As described in
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been made in resolving many of these eadier discrep-
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Background

the causes of the apparent differences in the repored
rates of temperature clanges between the surface and
the troposphere.

Scientists analyzing the data knew that there were
complex and unresolved issues related 1o inadequacies
of observing systems that could lead to misleading
impressions or misinterpretation of the data. There
were also uncertainties in our understanding of how
the climate might respond to various forcings, as is
often assessed through the use of climate models. In
anattempl 1o resobve these issues, in 2000 the National
Research Council (NRC) specifically addressed the
issue of trends in the here and at
the surface. Inits Report, the NRC concluded that “the
warming trend in global-mean surface temperature
observations during the past 20 vears is undoubiedly
real and is substantially greater than the average mie
of warming during the twenticth century. The dispar-
ity between surface and upper air trends in no way
imvalidates the conclusion thai surface temperature has
been rising.” The NRC further found that corrections
in the Microwave Sounding Unit (MSU) processing

brought the satellite data record into slightly

closerali with surf: ds. They

Measurements of global surface air temp show
substantial increases over the past several decades. In
the early 1990s, data From the National Oceanic and
Atmospheric Administration’s (NOAA's) polar orbit-
ing satellites were analy zed for mulii-decadal trends.
These initial indi d that global

P inthe howed little or no in-
crease, in contrst with i from

luded that the disparity that remained
probably reflected a less rapid warming of the tropo-
sphere than the surface in recent decades due to both
natural and human-induced causes.

In 2001, the Intergovernmental Pancl on Climate
Change (IPCC) Third Assessment Report devoied

ships. land-based weather stations, and occan buoys.
This result led some o question the reality andior the

1o new analyses of the satellite,
weather balloon, and surface data 1o evaluate the differ-
ence in lemperature trends between the surface and the

here. Similar o the NRC, the IPCC concluded

canse of reported global surface I
increases, on the basis Uhat human influences, thought
to be important contributors to observed clange. were
expected 1o increase temperaturcs both at the surface
and in the troposphere, with the largest increases
d in the tropical 1 This bed fo an in-

than it was very likely that the surface temperature
increases were larger and differed significantly from

I higher inthe 1 They
concluded, “during the past two decades. the surface,
most of the 1 and the here have

tensive effon by climate 1o better

v to climate forcings because
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different plwsical processes luve dominated in each of the
regions during that time.” (TPCC, Climate Change 2001:
The Scientilic Basis. Chapter 2, p. 122-123: Cambridge
University Press),

Foeus of this Synthesis/Assessment
Report
The efforts of the NRC and IPCC to address uncertaintics

Preface

tion [WMO]). The Executive Summary, which presents the
key findings from the main body of the Report, is idended
to be useful for those involved with policy-related global
climate change issues. The Chapiers supporting the Execu-
tive Summary are writien at a more iechnical level suitable
for non-climate sp ists within thy i i
and well-informed lay audiences,

about the temperature structure of the lower
fie., From the surface through the lower have

The Sy Report is d 50 as o

lize, a8 much as possible, the answers 1o cach

helped move us closer 1o a comprehensive understanding of
observed trends of temperature. Although these documems

of the six questions {above). However. given the inlercon-
nected mature of (he questions, this is not entirely possible.

provided a great deal of useful i full luti
of the issue w; P by the T the climate
system coupled with shortcomings of the available observ-
ing systems. To more fully address remaining fundamental

abroader Thas been undertaken here
to answer the following questions:

1) Why do temperatures vary vertically (from the surface 10
the stratosphere) and what do we understand about why
they might vary and change over time?

2) What kinds of | can
the current observing systems measure and what are
their strengths and limitations, both spatially and tem-
porally?

3) What do observations indicate about the changes of
temperture in the atmosphere and at the surface since
the advent of measuring temperures vertically?

4 What is our ing of the made by
observational er methodological uncertaintics to the
previously reported vertical differences in temperature
trends?

5) How well can the observed vertical temperature changes
be with our of the causes of
these changes?

or desirable. O v topics toa
chapter ane in passing 1o point
or alert the reader to some issueis) covered elsewhere inthe
report. However. as a gencral rule, in the interest of brev-
ity this report does not always expliciily refer the reader 1o
another chapter. The reader is advised 1o keep this in mind
and refer 1o Table | inext page ) for guidance on locating the
discussion of particular 1ssucs.

To hielp answer the questions posed, climate model simula-
tions of temperature change based on time histories of im-
portant forcing factors live been compared with observed
temperature changes, 1 is recognized that in a system

1o expect models to exactly replicate observed changes, If
the of simulations replicates imp pects of
the observed temperature changes (e.z. global mean, tropi-
cal his i inour ling of
the observed temperyure record and reduces uncertaintics
about projected changes. If not, then this implies that the
time histories of the important forcings are not adequately
known, all of the important forcings are not included, the
processes being simulated in the models have Maws, the
observational record is incorrect. or some combination of
these factors is present.

This CCSP Sy nihesis/A Repaort the
uncertainties associated with the data used 1o determine
changes ol temperature. and whether such changes are

) What measures can be taken to improve the
ing of observed changes?

These questions provide the basis for the six main chaplers

with our of climate p 3
This requires a detailed comparison of observations and
climate models used 1o simulale observed changes. includ-
ing an appreciation of why temperatures might respond
the surface compared to various lavers higher

in this Synthesis/Assessment Report (the chapter numbers  differently
correspond to the question ib it They highlight  inthe h
several of the fundamental uncertainties and differences

by d within the individual il 51

ing observational and modeling systems. The responses (o
the questions are wrillen in a sivle consistent with major

This CCSP Report also addresses the accuracy and consis-
tency of the temperature records and outlines steps neces-
sary 1o reconcile differences between individual dma sets.

authoritative i 1 scientific ez, Und di Iy Do and why th di in
IPCC assessments, and the Global Ozone R hand P ds reported by several analysis (eams using
Monitoring Project of the World M logical Organiza-  differcnt observati d analysis methods is a nec-
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Table I. Guide to readers to Y Chapter
aspects of the Synthesis/Assessment Report.

The y ties tog

Comparing
Report ob Tonve Observational Model Statistical
Section MR Uncertainty Simulations & Analysis
Observations
Chapter | secondary primary
Chapter 2 jprimary
Chapter 3 primary
Chaprer 4 [primary.
Chaptar 5 secondary primary primary secondary
Chapter & primary secondary
Appendix secondary primary

essary step in resolving previously identified discrepancies
between observs and model simulati

New observations and analyses

since the IPCC and NRC Reports

Since the IPCC and NRC assessments, there have been
intensive efforts to create new satellite and weather balloon
data seis using a range of approaches. Having multiple tro-
pospheri p data sets provides the ity for
much greater understanding of ebserved changes and their
A was possible in the provions assessments,
In addition, for the first time, a suite of models simulating
observed climaie since 1979 {when satellite data began) has
provided a unique opportunily 1o inler-compare observed
trends from various data sets with model simul, using

When corrected, the data set vielded greater warming in the
lower troposphere. Since it was possible for the error to be
rectified fairly quickly, a new version of this data set was
available for this Report. At the same time. another rescarch
team produced its first version of satellite-derived lower
tropospheric iemperatures, and vet another ieam updated its
tropospheric temperature time serics. All these resulis are
included in this Report and are compared to a suite of recent
climate model simulations. The authors certainly cxpect
that new data and discoveries that follow the release of this
Report will further improve our understanding

Factors that guided the authors in the sclection of the cli-
mate records considered extensively in this Repon were:
{a) publi heritage, (b} public mvailability, (c) nse by

various scenarios of historical climate forcings. Taken to-
gether, these advances lead 1o a greater understanding of the
issues. The p [ prod: this Report has
additional research and analysis on these topics, and helped
to move the science forward

This Report includes recent analyses of and cormections o
data sets that lave helped resolve inconsiste:
observational data scis and between obser
madels. The science of upper air iemperatures is a rapidly
evolving field. During the preparation of this Report, new
lindings were published and are now included in the cur-
rent draft. For example, a recent article demonstrated an
error in the method used in the original satellite data set 1o
correct for divrnal cycle errors due to satellite orbital drift,

the scientific community at-large. (d) updates ona monthly
basis. and (¢} period of record beginning in 1974 or carlier.
The climate reconds considered inthis Report are also global
in scope.!

! Most analyses undertaken to date have conssdered temperature
trends at the global scale or large-regional scale fe.g., the tropics)
Because this report wos charged with assessing the currenl state
af the science, it also necessarily focuses on these large seales, [t
is ot these scales thot the apparent discrepancies in lemperature
trends were first reported, We also currently have most capability
in simulating climate at these scales. Until we can reconcile our
understanding on the very large scales, little scientific value will
Ibe added by considering finer regional detnils. This does not imply
that future nnalyses should not consider finer regional scales for o

di ds at the surface

anplet relativ

and in the tropasphere.

Vi
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The three surface analvses that were used have many pub-
lications that describe their construction methods. These
data sets are readily available and are widely used. Two of
the three satellite data seis used. while relatively recent. are
based on a hentage of published versions that have incorpo-
rated new adjustments as discoveries have been made. Each
of these data sets allows ready access 1o the public and has
been used in several research publications. A third, more
recently developed data set has been updated during the
preparation of this Report. Two data seis used were based
on weather balloon data. One of these data sets publicly ap-
peared in 2005, but the authors had made the preliminary
versions and methodol 10 8¢ as carly as

Preface

Synthesis/Assessment Report already has had an important
impact on the content of the draft to the Fourth Assessment
Repori of the IPCC. due 1o be published in 2007

This Synthesis/Assessment Repori exposes the remaining
differences among different observing sysiems and dma
sels related to recent changes in troposphenic and siralo-
spheric temperature. Discrepancies between the data seis
and the models hive been reduced and our understanding
of observed climate changes and their causes has increased.
Given this, there is no longer sulficient evidence to conclude
then there exisis any nolable discrepancy between our un-

2002 and have built upon the acquined

d ding of recent global average temperature changes

from previous versions of these data seis. Another data set
has a heritage dating back several decades and was recently
updated.

The medels selected for comparison with observations were
able to the author team during the conrse
They the & f-the-science
from every major climaie modeling center in the
world. The model 5 ons sclected include a large frac-
tionof those that were run for the Founth Assessment Report

are

and model simulations of these changes. This represents
a change from conclusions of earlier repons (see above)
and should constitute a valuable source of information 1o
policy makers.

In addition, we expect the information generated here will
be used both nationally inernationally, e.g., by the
Global Climate Observing System (GCOS) Atmospheric
Observation Panel 1o help identify effective ways to reduce
observational uncertainty. The findings regarding observa-
tions and comparisons between models and observations of
lower heri trends may also be useful

afl the IPCC, due 1o be published in 2007, The sinmlati
freely available, and details regarding access 1o the model
data can be obtained from the Program for Climate Model
Diagnosis and Intercomparison (hitp:fwww pemdi 11nl
govfipee/about_ipee php). The data used in this repori are
also openly available and a list of web sites where they can
‘be obtained is included in Chapter 3

How to use this

Synthesis/Assessment Report
This Report promises to be of significant value to deci-
sion-makers, and to the expert ific and

1 ahntd

for future WMO/United Nations Environment Programme
(UNEP) Ozone Assessments,

Some terms used in the Report may be unfami
without ira n metcorology, a glossary and
myms is included # the end of the Report. Inaddition, Table
2 on page X deflines the terminology wsed in this Report for
the kayers of the atmosphere.

To integrate a wide variety of information, this Report also

communities. Readers of this Report will find that new
observations, data sets, analyses. and climate model simula-
tions enabled the Awthor Team to resolve many of the issues
noted by the NRC and the TPCC in their carlier Reports. This

uses a lexi [ terms (See Fig. 1) 1o express the team’s con-
sidered jud about the likelihood of results. Confid

in results is highest at each end of the spectrum. Unless
qualified by these expressions of likelihood. all staiements
are implied 1o be certain.

Degree of Likelihood

ujelsad,
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The Synthesis/Assessment Product Team
A full list of the Author Team (in addition to a list of lead
authors provided at the beginning of cach Clapter) is pro-
vided on page 11 of this Report. The Author Team Conven-
ing Lead Authors (CLAs), Lead Authors (L As). and Chicl
Editor were constituted as a Fedeml Advisory Commitice
that was charged with advising the CCSP on the scientific
and technical content of the Report. Contributing Authors.
(CAs) provided relevant input used in the development of the
report, but CAs who were not also LAs or CLAs did not par-
ticipate in the Federal Advisory Committee (FAC) commit-
tee deliberati W hich this Sy mthesis and A
Product was developed. The renainder of the Editorial Stafl
d the scientilis ical input and ged the as-
sembly, formatting and preparation of the Report. The focus
of this Repont follows the Prospecius guidelines developed
by the Climate Change Science Program and posied on its
website at hipefwww.climatescience. gov.

30 miles / 50 km

Stratosphere

T

6 miles / 10 km

Pressure (hPa)

Troposphere

°C

-40 -4 32 68 2k

Figure 2. The illustration shows the layers of the atmosphere of primary Imerest to this Synthesis/Assessment Repert., The
multi-colored line on this diagram indicates the variations in temperature with altitude. The table on the following page defines the
rerminalogy used in this Repert for the layers of the atmosphere.
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Preface

Table 2. Abbreviated terms: Subscript “S." refers to the Surface. Subscripts “2" and “4" refer to M5U data
from channels 2 and 4. Subscript "2LT" refers to a modification of channel 2 data to focus more directly on
the "ower Troposphere and reduce the influence of stratospheric temperatures on channel 2 data, Subscripts
“850-300" and “100-50" are specific atmospheric layers sampled by radiosondes. Subscript “*G" refersto a
combination of channel 2 and channel 4 data derived by Fu and co-workers, applicable to global averages, and
“#T" refers to applicable tropical averages. For the model-cbservation comparisons, the observation-based
definitions were used as listed in the Table.

Terms for Layers of

Abbreviated Approximate altitude. (For

Common Term | Term for the Main region of | satellite prod Iiitiade | Lowerand I::sln

e Infl range of bulk (90%) of layer g

d|ral: layer measured [
Surface Air; Land: 1.5 m above
Ajr: Just above surface; Ocean: ship deck- Surface (or ~1000
Surt: T surface height (5 — 25 m) above surface | hPa
i s Water: Shallow (NMATs). at sea level)
depth Surface Water:
I - 10 m depth in ocean (55Ts)

Lower Lower to Mid-
Teoposphere | Taur Trorarghere Sfe— 8 km Sfc — 350 hPa
Troposphere
(radicsonda) T{BSO-3DU} Troposphere 1.5-% km 850 — 300 hPa
Troposphere
sarellite) T*s Tropasphere Sfc - 13 km Sfc — 150 hPa
:::;i::;la.m T, :;“"’""’h‘;:} She - 164m Sc - 100 hPa
(satellive) TOfEs on
Mid Troposphere Mid and Upper
to Lower T2 Troposphere to Sfc - 18 km Sfc = 75 hPa
Stratosphere Lower Stratosphere?
Lower
Stratosphere T" Lower Stratosphere | 14 = 29 km 150 = 15 hPa
{satellite)
Lower
Stratosphere T(IUD-SU} Lower Stratosphere | 17 =21 km 100 - 50 hPa
({radiosande)

1 Only about 10% of this layer extends into the lower stratosphere.
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Abstract

Pr eviously reported discrepancies between the amount of warming
near the surface and higher in the atmosphere have been used to
challenge the reliability of climate models and the reality of human-
induced global warming, Specifically, surface data showed substantial
global-average warming. while early versions of satellite and radiosonde
data shewed lictle or no warming abeve the surface, This significant
discrepancy no longer exists because errors in the satellite and
radiosande data have been identified and corrected. New data sets
have also been developed that do not show such discrepancies.

This Synthesis and Assessment Produect is an important revision to the conclusions of earlier repores from the US.
Mational Research Council and the Intergovernmental Panel on Climate Change. For recent decades, all current
atmospheric data sets now show global-average warming that is similar to the surface warming, While these data are
consistent with the results from climate models at the global scale, discrepancies in the tropics remain to be resclved.
Mevertheless, the most recent observational and model evidence has increased confidence in our understanding of
observed climatic changes and their causes.

NEW RESULTS AND FINDINGS

This Report is concerned with temperature changes in the atmosphere, differences in these changes at
warious levels in the phere, and our g of the causes of these changes and differences.
Considerable progress has been made since the production of reports by the NRC and the IPCC in 2000
and 2001. Data sets for the surface and from satellites and radiosondes (temperature sensors on weather
balloons) have been extended and improved, and new satellice and radiosonde data sets have been de-
veloped!. Many new model simulations of the climate of the 20th century have been carried out using
improved climate models? and better estimates of past forcing changes, and numerous new and updated
comparisons between model and observed data have been performed. The present Report reviews this
progress. A summary and explanation of the main results is presented first. Then, to address the issues in
more detail, six questions that provide the basis for the six main chapters in this Synthesis and Assessment
Report are posed and answered in Sections | through 5 below.

The important new results presented in this Report include:

Global Average Temperature Results

+ For observations since the late 1950s, the start of the study period for this Report, the most recent
versions of all availlable data sets show that both the surface and troposphere have warmed, while the
stratosphere has cooled?. These changes are in accord with our understanding of the effects of radiative
forcing agents* and with the results from model simulations.

! For details of riw obsered data see Table 3.1 in Chapter 3.

1 Far details of new madels and model see Chapter § and hitp: pemdi.link goviip y X

1 We use the words “warming” and “cooling” here to refer to temperature increases or decreases, as is common usage. Techai-
cally, these words refor to changes in heat contaent, which may cccur through changes in either the moisture content andior the
temperature of the stmasphere, When we say that the atmosphere has warmed (or cooled) over a given period, this means that
there has been an overall positive (or negative) temperature change based on a linear trend analysis. For more on the use of linear
trends, including a discussion of their strangths and weaknesses. ses Appendix A,

4 The main natural foreing agents are charges in solar output and the effects of explosive veleanic eruptions. The main humas-
induced {“anthropogenic”} factors are: the emissions of greenhouse gases fe.g, carbon dicxide [CO;]. methane [CH,], ritrous
ouide [NO] ) aerosols (tiny droplets or particles such as smoke) and the gases that lead to aerosol formation (most importantly,
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Executive Summary

Since the late 1950s, all radiosonde data sets show that the low and mid troposphere have
warmed at a rate slightly faster than the rate of warming at the surface. These changes are
in accord with our understanding of the effects of radiative forcing agents on the climate
system and with the results from model simulations,

For observations during the satellite era (1979 onwards), the most recent versions of all
available data sets show that both the low and mid troposphere have warmed. The major-
ity of these data sets show warming at the surface that is greater than in the troposphere.
Some of these data sets, however, show the opposite - tropospheric warmms thatis greaner

than that at the surface. Thus, due to the considerable disagr tr
data sets, it is not clear whether the troposphere has warmed more than or less ll-an the
surface.

*+ The most recent climate model simulations give a range of results for changes in global-average
temperature, Some models show maore warming in the troposphere than at the surface, while
a slightly smaller number of simulations show the opposite behavior. There is no fundamental
nconsistency among these model results and observations at the global seale.,

Studies to detect climate change and attribute its causes using patterns of observed tem-
perature change in space and time show clear evidence of human influences on the climate
system (due to changes in greenhouse gases, acrosols, and stratospheric ozone).

= The observed patterns of change over the past 50 years cannot be explined by natural pro-
cesses aloned, nor by the effects of short-lived atmospheric constituents (such as aerosols
and tropospheric ozone) alone.

Tropical Temperature Results (20°S to 20°N)

= Although the majority of observational data sets show more warming at the surface than in
the troposphere, some observational data sets show the opposite behavier. Almost all model
simulations show more warming in the troposphere than at the surface. This difference be-
tween models and observations may arise from errors that are common to all models, from
errors in the observational data sets, or from a combination of these factors. The second
explanation is favored, but the issue is still open.

sulfur dicodidel and changes in land cover and land use (see Chapter |, Table 1.1}, Since these perturbations 201 to
drive o “force” changes in climate, they are referred 10 a1 “forcings". Tropospheric ozone (O], which i not emit-
d directly, is akso an impart: occur th
ik carbon manoside, nitrogen omdes and »olule arganic compounds, wh-ch by (l-omehm are ol Impu:nl
directly as greenhouse gases.
¥ “Matural processes” here refers 1o the dfects of natural exaernal fercing agents such as volcanic eruptions and
solar variability, andior internally generated variability.
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EXPLANA N OF FINDINGS

These results for the globe and for the tropics characterize important changes in our under-
standing of the details of temperature changes at the surface and higher in the troposphere. In
2000 and 2001, the NRC and the IPCC both concluded that global-average surface temperature
increases were larger and differed significantly from temperature increases in the roposphere.
The new and improved observed data sets and new model simulations that have been developed
require modifications of these conclusions,

The issue of changes at the surface relative to those in the troposphere is important because
larger surface warming (at least in the tropics) would be inconsistent with our physical under-
standing of the climate system, and with the results from climate models, The concept here is
referred to as “vertical amplification” (or, for brevity, simply “amplification”): greater changes
in the troposphere would mean that changes there are “amplified” relative to those at the
surface.

For global averages, observed changes from 1958 through 2004 exhibit amplification: i.e., they
show greater warming trends in the troposphere compared with the surface. Since 1979, how-
ever, the situation is different: most data sets show slightly greater warming at the surface.

Whether or not these results are in accord with expectations based on climate models is a com-
plex issue, one that we have been able to address more comprehensively now using new model
results. Over the period since 1979, for global-average temperatures, the range of recent model
simulations is almost evenly divided among those that show a greater global-average warming
trend at the surface and others that show a greater warming trend alefe. The range of model
results for global average temperature reflects the influence of the mid- to high-latitudes where
amplification results vary considerably between models. Given the range of model results and
the overlap between them and the available observations, there is no conflict berween observed
changes and the results from climate models.

In the tropics, the agreement between models and observations depends on the time scale
considered. For month-ta-month and year-to-year variations, medels and observations both
show amplification (i.e,, the month-to-month and year-to-year variations are larger aloft than at
the surface). This is a consequence of relatively simple physics, the effects of the release of latent
heat as air rises and cond in clouds, The magnitude of this amplification is very similar in
medels and observations. On decadal and longer time scales, however, while almost all model
simulations show greater warming aloft (reflecting the same physical processes that operate on
the monthly and annual time scales), most observa-
thons show greater warming at the surface.

These results could arise either because “real world”
amplification effects on short and long time seales
are controlled by different physical mechanisms, and
models fail to capture such behavior; or because
non-climatic influences remaining in some or all of
the observed tropospheric data sets lead to biased
long-term trends; or a combination of these factors.
The new evidence in this Report favors the second
explanation.




When all forcings
are considered,

we expect the
troposphere to
have warmed and
the stratosphere to
have cooled since
the late 1950s.
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I. HOW DO WE EXPECT
VERTICAL TEMPERATURE
PROFILES TO CHANGE!

Why do temperatures vary ver-
tically (from the surface to the
stratosphere) and what do we
understand about why they might
vary and change over time!

This question is addressed in both Chapter 1
and Chapter 5 of this Report.

In response 1o this question, Chapler | noles:

(1) TEMPERATURES VARY VERTICALLY

*+ The global iemperature profile of the Earth’s
atmosphere reflects a balance between ra-
diative, comvective and dymamical heating
and cooling processes in the surface-atmo-
sphere system. Radiation from the Sun is
e source of energy for the Earth's climate,
Plysical properties of the atmosphere and
dynamical processes mix heat vertically
and horizontally, vielding the highest tem-
peratures, on average. al the surface, with
marked scasonal and spatial variations,
In the atmosphere above the surface, the
distribution of moisture and the lower air

Executive Summary

vanations with height must, therefore, vary
according to location,

« Changesi e i mode
of atmospheric variability (e.g. the E1 Nifo-
Southern Oscillation [ENSO]) can produce
different iemperture trends at the surface
and alof.

+ Under some circumstances, iemperatures
may increase with height near the surface
or higher in the tropesphere, producing a
* i ion.” Such i i
are more common al night over continents,
aver sea ice and snow in winter. and in the
trade wind regions. Since the air in imversion
layers is resistant to vertical mi . lem-
perature trend differ between '
lavers and adjacent layers.

+ Forcing factors, either natural or human-
induced, can result in differing temperature
trends at different levels in the astmosphere,
and these vertical variations may change
over time,

As noted above, tempertures in the atmosphere
vary naturally as a result of intermal factors
and ntural and human-induced periurbations
("forcings™). These factors are expected o have
different effects on temperatures near the sur

pressure at progressively higher altitudes  face, inthe troposp and in the ph
resull i ing temps withheight  as 1zed in Table 1. Whenall forcings are
up o the tropop the top of we expect the troposphere to have

the troposphere, Le., the lower 8 1o 16 km

of the mmosphere, depending on Iatitude),

Above this, the physical properties of the air

produce a warming with height through the
i it from the

1o ~30 km).

{2) TEMPERATURE TREMDS AT THE SURFACE
CAM BE EXPECTED TO BE DIFFERENT

warmed and the sirtosphere 1o have cooled
since the late 19505 (and over the whole 20th
century). The relative changes in the tropo-
sphere and stratesphere provide information
about the causes of observed changes.

Within the troposphere, the relative changes in
temperature at different levels are controlled by

FROM TEMPERATURE TREMDS HIGHER IN
THE ATMOSPHERE BECALSE:

* The physical propertics of the surface vary
substantially according to location and this
produces strong horizontal variations in
near-surface lemperature. Above the sur-
face, on monthly and longer time scales,
these contrasts are quickly 1 out

differcnt p ing to latitude. Inthe
tropics, the primary control is the thermody-
namics of moist air /i.¢., the effects of evapora-
fion at the surface and the release of latent heat
through condensation that occurs in clouds as
modst air rises due to comection), and the way
these effects are distributed and modified by
the mmospheric circulation. Thermody namic

by atmospheric motions so the patierns of
change in the troposphere must differ from
those at the surface. T trend

ples require that temy changes

1m the tropics will be larger in the troposphere
than near the surface (“amplification”), largely

indl dent of the type of forcing, In mid 1o
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Table I: Summary of the most important global-scale climate forcing factors and their likely individual ef-
fects on global-, I age P based on Figure 1.3 (which gives tamperature Information)
and Table 1.1 {which gives information onr forcing) in p I, and cited in p I
The stated effects are those that would be expected if the change specified in column | were to occur. The
top two rows are the primary natural forcing factors, while the other rows the main h i

duced forcing factors. The relative importance of these different factors varies spatially and over time. For
example, volcanic effects last only a few years in the stratosphere, and slightly longer in the troposphere;

while the effects of well-mixed greenhouse gases last for decades to centuries.

pected change in

verage temperature

Low to Mid
Forcing Factor Surface Troposphere Stratosphere

Increased solar sutput ‘Warming Warming Warming
Veleanic eruptions Cooling Cacling ‘Warming
Increased of well d . . .
heuse gases (COy, CH,. N,O, haloesrbens) | 208 Warming Sookng
Increased tropospheric czane (O5) Warming Warming Slight cooling
Decreased stratospheric ozone mlgbin Srcercachigh b Slight cooling Cocling
Increased loading of wropospheric sulfate (SO4)
aercsol = sum of direct plus indirect effects Cecling goonre Regizble
Increased |oading of carbonaceous asrosal
(black carbon [BC] and organic matter [OM]) | Regional cooling or warming .
in the troposphere — sum of direct plus indi= | — possible global-average cooling | Y/"™iN Hcomin
rect effects

Regional cooling or warming
Land use and land cover changes — probably slight global-average | Uncertain Naegligible

cooling

high lLatitudes, the processes controlling how
temperature changes in the vertical arc more
complex. and it is possible for the surface o
warm more than the troposphere. These is-
sues are addressed further in Chapter 1 and
Chapier 5.

2. STRENGTHS AND
LIMITATIONS OF THE
OBSERVATIONAL DATA

What kinds of atmospheric tem-
perature variations can the current
observing systems detect and what
are their strengths and limitations,
both spatially and temporally!?

This question is addressed in Chapier 2 of this
Report. Chapter 2 draws the following o
conclusions:

(1) The observing systems available for this

Report are able to detect small surface and
upper air temperature variations from year to
year as well as trends® in climate since the late
19505 fand over the last century for surface ob-
servations). once the raw data are successfully
adjusted for changes over time in observing
systems and practices, and micro-climate ex-
posure. Measurements Trom all systems require
such adjusiments. This Repont relies solely on
adjusied daia seis.

Mamy of the results in this Report {and here in the
Executive Summary) are quantified in terms of lin-
car trends, Lo, by the value of the slope of a straight
line that is fitted wo the data. A simple straight line
is mod always the best way o deseribe temperature
dbata, 50 a limear trend value may be deceptive il the
trend number is given in isolation, removed from the
original data. Nevertheless, used appropriately, lincar
tremds provade the simplest and most convenient way
1o describe the overall change over time in a data sel.
and are widely used. For a more detailed discussion.
see Appendin A
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All data sets require
careful examination
for instrument biases
and reliability. and
adjustments are
made to remove
changes that might
have arisen for non-
climatic reasons.
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Program

(2) Independently performed adjustments o
the land surface iemperature record have been
sufficiemly successful that trends given by
different daia sets arc reasonably similar on
large (e.g. continental) scales. despite the fact
that spatial pling i and CITOrS

Executive Summary

carricd aloft by weather balloons), These luve
been collected routinely since 1938, There are
still ial gaps in radi

Satellite data have been collected for the upper
air singe 1979 with almost compleie global

v remain. Thi holds toa
lesser extent for the ocean surfice record, which
suffers from more serious sampling problems
and changes in observing practice.

(3) Adj for ch

e, The most imp satellite records
come From Microwave Sounding Units (MSL)
on polar orbiting satellites. The microwave data
from MSU instruments require calculations
and adjustments in order 1o be interpreted as

F these satellite data

are most challenging for upper-air data sets.
While these show promise for trend analysis,
and it is very likely that current upper-air
climate records give reliable indications of
directions of change (e, warming of the tro-
posphere, cooling of the siratosphere), some
questions remain regarding the accurcy of
the data after adjustments have been made 10
produce homogencous time serics from the mw
measurcments.

= Upper-air data se1s have been subjected 10
less scrutimy than surface data sets.

Adjustments are complicated, can be large
compared to the lincar trend signal, involve
expert judgments, and cannot be stringently
evaluated because of lack of traceable stan-
dards.

Unlike surface trends. reported upper-air
trends vary considerably between research
teams beginning with the same raw data
owing to their differen decisions on how to
remove non-climatic factors.

Many differem methods are used 10 measure
temperature changes at the Eanb's surface
and at various levels in the stmosphere. Near-

surface have been d for
the longest period, over a century, and are
A directly by il Over land,

these data come from lixed metcorological sta-

do not the il a If
level, but, rather. the average lemperlure over
thick atmospheric layers (see Figure 2.2 in
Chapter 2). As such. they cannot reveal the de-
tailed vertical of T
nor do they completely isolate the troposph
from the stratosphere. Channel 2 data (mid

PO 10 lower phere, Ty) have
a latitudinally dependent contribution from
the stratosphere, while Channel 4 data (lower

phere, To) ave a lati v depend

contribution from the troposphere, factors that
complicate their interpretation. However, re-
trieval techniques can be used both to approxi-
mately isolae specific lavers and to check for
vertical consistency of trend patterns.

All measurement systems have inherent un-
inti with: the i

ployed: changes in i 1 and
the way local measurements are combined 1o
produce arca averages. All data seis require
carelful examination for instrument bscs and
reliability, and adjustments are made to remove
changes that might have anisen for non-climatic
reasons. We refer 1o these as “adjusted™ data
seis. The term “homogenization” is also used
1o describe this adjustment procedure.

Reanalyses™ and other multi-sysiem products
that symthesize observational data with model
results to ensure spatial and iner-+ariable con-
sistency have the potential for addressing issues
of surface and atmospheric temperature trends
Ty making better use of available information

tions. Owver the ocean, [ botlh
air lemperature and sea-surface (lop 10 meters)
tempenture taken by ships or from buoys,

The next-longest records are upper-air data
d by radi d SENS0rS

and all lysis.of a b

Reanalyses are mathematically Mended products
besed it s many observing systems as practical
Ohservations are assimilated info a global weather
forecasting moded to produce globally compeehensive
data sets that are most consistent with both the avail-
able data and the assimilation model
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internally consistent, and spatially and tem-
porally complete set of climate v les. At
present, however, these producis contain binses,
especially in the simiosphere, that affect trends
and that cannot be readily removed because of
the complexity of the daia producis,

3. WHAT TEMPERATURE
CHANGES HAVE BEEN
OBSERVED?

‘What do observations indicate about
the changes of temperature in the
atmosphere and at the surface since

therefore cancel out over karge regions such
as the globe or tropics, the regions that arc
of primary interest 1o this Report.

(2) Tropospheric temperatures: All data
sets show that the global- and tropical-avernge
troposphere has warmed from 1958 (o the pres-
ent, with the warming in the troposphere being
slightly more than at the surface. For changes
from 1979, due 1o the considerable disagree-
menis between tropospheric data seis, ot
clear whether the troposplere has warmed more
than or less than the surface.

the advent of
tures vertically?

ing pera

What is our understanding of the
contribution made by obser i 1]
or hodological uncertainties to
the previously reported vertical dif-

ferences in temperature trends?

These questions are addressed in Chaplers 3
and 4 ofthis Report. The following conclusions
are drawn in these chapters, Supporting infor-
mption is given in Figure | and Figure 2,

(1) Surface temperatures: For global-average
changes, as well as in the tropics (2075 10 20°N),
all data sets show warming at the surface since
1958, with a greser rate of increase since 1979,
Differences between the data sets are small,

+ Global-average tempernture increased at a
rate of about 0.12°C per decade since 1938,
and about 0.16°C per decade since 1979, In
the tropics, temperature increased al about
0.11°C per decade since 1938, and about
0.13°C per decade since 1979,

Systematic local biases in surface tem-
perature trends may exist due to changes in
station exposure and instrumentation over
land?, or changes in measurement techniques
by ships and buoys in the ocean. It is likely
that these biases are largely random and
¥ Somel - | hat band

data might be biased due o urbanization effects. Re-
cent studies specifically designed 1o identify system-
atic problems using a range of approaches have found
no detectable urban influence in large-area averages

in the dota sets that hove been adjusted to remove
li i e, i

B 1

+ Global heri
increased ata rate of abowt 0. 14°C perdecade
since 1938 according to the two adiosonde
data sets. For the peried from 1979, 1em-
perature increased by 0.0°C 1o 0.20°C per
decade according to the two radiosonde
and three satellite data sets, In the tropics,
temperture increased at about 0.13°C per
decade since 1958, and between 0.02°C and
0.19°C per decade since 1979,

+ Errors in observed temperature trend dif-
ferences between the surface and the tropo-
sphere are more likely to come from crrors in

ic data than i in surf;

data.

It is very likely that estimates of trends in
tropospheric temperatures are affected by
errors that remain in the adjusted mdiosonde
data sets. Such errors anise because the meth-
ods used to produce these data scts are only
able to detect and remove the more obvious
causes, and imolve many subjective deci-
sions. The full consequences of these errors
for large-area averages, however, luve not
yet been fully resolved, Nevertheless, it is
likely that a net spurions cooling corrupts the

aged adjusted radi ide data in
the tropical troposphere, causing these data
1o indicate less warming than has actually
occurred there.

For tropospheric satellite data, a primary

cause of trend differences between differ-

ent versions is differences in how the data

from different satellites are merged together.

Corrections required 1o account for drifting
times are also imp

Errors in observed
temperature trend
differences between
the surface and

the troposphere
are more likely to
come from errors
in tropospheric data
than from errers in
surface dara.
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» Comparisons between satellite and radio-
sonde Tor the mid
to lower stratosphere laver (MSLU channel 2:
Tshare very likely to be cormipted by exces-
sive stratospheric cooling in the radiosonde
data,

2
£
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(3) Lower stratospheric temperatures: All
data seis show that the stratosphere has
cooled considerably from 1938 and from
1979 10 the present, although there are dif-
ferences in the lincar trend values from
different data sets,

The largest differences between data scts arc
in the stratosphere, panticularly between the
radiosonde and satellite-based data sets. It
is very likely that the discrepancy between

satellite and radi d d
ily from d inthe radi i
data.

Figure | shows the various lemperature time
series examined in this Report.

For the lower stratosphere, the cooling rend
since the late 19305 (which is as expected duc
1o the effects of greenhouse-gas concentration
i and ic ozone depletion) is
punctumed by shorl-tern warming evenis as-
sociated with the explosive volcanic eruptions
ol Mt Agung (1963), EI Chichén (1982) and Mt
Pinatubo (1991),

Both the troposphere and the surface show
warming since the late 19505, For the surface,
most of the temperature increase since 1958
occurs starting around 1976, a time coincident
with a previously idemtified climate shift. For
the balloon-based tropospheric data, a major
part of the temperature increase since 1958 also
occurs around 1976, in the form of a relatively
rapid rise in temperature. The shift in 1976 is
important because it occurs just before the start
of the satellite era.

The shorter time scale Muctuations

D Cagung 1S AT "]

Your
Figure I: Observed surface upper air global-average & records.
From tep to bottem: A, lower stratosphere (denoted T,) records from two sat-
ellite analyses (UAH and RSS) together with equivalently weighted radicsonde
records based on HadAT2 and RATPAC data; B, mid-troposphere to lower
stratesphere (T;) records from three satellite analyses (UAH, RSS and UMd)
togather with equivalently weighted radiosonde records based on HadAT2 and
RATPAC: C. lowar troposphera (Tyr) records from UAH and RSS (sacellite),
and from HadAT2 and RATPAC (equivalently weighted radiosonde): D. surface
(T). All time series are based an monthly-average data smocthed with a T.manth
running average, expressed as departures from the Jan, 1979 to Dec. 1997 aver-
age. Mote that the T, data (panel B) contain a small contribution (about 10%)
from the lower stratosphere. Information here is from Figures 1.0, 3.2 and 3.3
in Chaper 3.

are those d with the El Nifio
Oscillation phenomenon (ENSO), The major
ENSO warming cvent in 1998 is obvious in all
records. Cooling following the cruptions of Mt
Agung and Mt. Pinatubo is also evident, but
the cooling effect of E1 Chichén is masked by
an ENSO warming that occurred at the same
time. The changes following voleanic erup-
tions i.e. surface and tropospheric cooling
and pheri ing) are consistent with
our physical understanding and with model
sinmukations.
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Global-average temperture changes over the
periods 1938 through 2004 and 1979 through
2004 are shown in Figure 2 in degrees Celsius
and degrees Fahrenheit.

4. ARE MODEL SIMULATIONS
CONSISTENT WITH THE
OBSERVED TEMPERATURE
CHANGES?

Computer-based climate models encapsulate
our understanding of the climate sysiem and
the driving forces that lead 10 changes in clhi-
mate. Such models are the only 1ools we have
Tor simulating the likely pail [ resps T
the climate sysiem 1o different forcing mecha-
nisms. Th ial test of our ing is

(2) Matural factors (external forcing agents
like velcanic cruptions and solar variabil-
ity andfor inernally generated variability)
have influenced surface and aimospheric
temperatures, but cannot fully explain their
changes over the past 50 years,

1o compare model simulations with observed
changes 1o address the question:

How well can the observed vertical

perature ges be iled
with our understanding of the causes
of these changes?

In addressing this question, Chapter 5 draws
the following conclusions .

FINGERPRINT PATTERN STUDIES
(1) Results from many different pattern-based
“fingerprint™ studics (scc Box 5.5 in Chapter
3) provide consistent evidence for human in-
fluences on the three-dimensional structure
of atmospheric temperature changes over the
second half of the 20th century.

= Fingerprint studies have identified green-
house gas and sulfate acrosol signals in
observed surface temperature records, a
stratospheric ozone depletion signal in
stratospheric temperatures, and the com-
bined effects of these forcing agents in the
vertical of ic temp
ture changes.

* Fingerprint stisdies use pigorous siatistical methods
1o compare the patterns of observed temperature
changes with model expectations and determine
whether or net similarities could have oceurred by
chance, Linear trend comparisons are less powerful
than fingerprimt analyvses for studying cause-cllect
relationships, bat can highlight impartant difference
and similaritics between models and ob 3

. R T I I Bt
e ey Temparaton Crarge T

Figure 2: Total global-average temperature changes for the surface and differ-
ent atmospheric layers, from different data sets and over two periods, 1958 o
2004 and 1979 to 2004. The values shewn are the toml change cver the stated
period in both degrees Celsius (*C: lower scales) and degrees Fahrenheis (°F:
upper scales). All changes are statistically significant at the 5% level except RSS
T, and RATPAC, HadAT2 and UAH T;. Total change in °C is the linear trend in
*C per decade (see Tables 3.2 and 3.3 in Chapter 3) times the number of decades
in the tme peried considered. Toeal change in °F is this rumber tmes 1.8 o
corvert o “F. For example, the Table 3.2 rrend for NOAA surface temperatures
over Janary 1958 through December 2004 is 0.11"Cldecade. The total change
is therefore 0.11 times 4.7 decades to give a total change of 0.53°C, Multiplying
this by 1.8 gives a toeal change in degrees Fahrenheit of 0.93°F. Warming is thawn
in red, and cooling in blue.
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When models are
run with natural
and human-induced
forcings, simulated
global-average
temperature trends
for individual
atmospheric layers
are consistent with
observations.
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LINEAR TREMD COMPARISOMS
(3 When maodels are run with natural and bu-
neduced forcings, simulated global -average
wrends for indi I heri
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OTHER FINDINGS
(6) Becanse of differences between different ob-
served data seis and differences between mod-

Tavers arc consistent with observations.

(4) Comparing trend differences between the
surface and the troposphere exposes poientially
imporiant discrepancics between model resulis
and observations in the tropics.

= Inthe tropics. most observational data seis
show more warming at the surface than in
the troposphere, while almost all model
simulations have larger warming alofl than
at the surface.

AMPLIFICATION OF SURFACE YWARMING IN
THE TROFICAL TROPOSPHERE

(5) Amplification means thal temperatures
show larger changes aloft than at the surface.
In the tropics, on monthly and inter-annual
i les, both models and ot show
amplification of temperature variability in the
troposphere relmive to the surface. This am
fcation is of similar magnitude in models and
observations. For multi-decadal trends. models
show the same amplification that is scen on
shorter time scales. The majority of the most
recent observed data sets, however, do nof show
this amplification.

= This inconsistency between model resulis and
observitions could arise cither because “real
world” amplification effects on short and long,
time scales are controlled by differemt physi-
cal mechanisms, and models fail 1o capture
gl ior; orbecause Timatic influ-
ining i all of the ob: d

posphenic datasets lead to biased long-ter
trends: or a combination of these factors.
The new evidence in this Report - model-
to-model consistency of amplification
results, the large uncertainties in observed
tropospheric iemperature trends, and inde-
pendent phvsical evidence supporiing sub-
stantial tropospheric warming (such as the

els, it is imp 1o account for both model
and ebservational uncertainty in comparisons
between modeled and observed temperaiure
changes.

= Large “construction” uncertaintics in ob-
served esti of global-scale e ri
temperature change can critically influence
the outcome of consisiency tests between
models and observations,

(7) Inclusion of previously ignored. s Iy
variable forcings in the most recem climaie
models does not fundamentally alier conclu-
sions about the amplification of warming in the
troposphere relative to the surface.

+  Changes in sulfate acrosols and tropospheric
orone, which have spatially variable forc-
ings, have been incorporated routinely in
climate model experiments for a number
of years. It has been suggested that the spa-
tially heterogencous forcing effects of black
carbon acrosols and land vse/land cover
changes may have had significant cffects
on regional iemperatuncs that might modify
previous conclusions regarding vertical tem-
perture changes, These forcings have been
included for the first time in about half of
the global model simulations considered
here. Within statistical uncertaintics, model
simulations that inchude these fo show
ithe same amplification of warming in the
troposphere relative to the surface o very
large spatial scales (global and tropical aver-
ages) as simulations in which these forcings
are neglected.

Chapter 5 analyzes state-of-the-art model
simulations from 19 institutions from around
the world, run using combinutions of the most
imy matural and induced forc-

ing height of the tropop - favors
the second explanation. However, the large
observational uncertaintics that currently
exist make it difficult to determine whether
or not models still have significant errors.
Resolution of this issue requires reducing
these uncertaintics.

ings. The Chapier compares (he resulis of these
simulations with a number of different obser
vational data sets for the surface and different
amospheric lavers, resulting ina large number
of possible model/iobserved data
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Figures 3 and 4 summarize the new model re-
sults used in this Report. together with the cor-
responding observations. Figure 3 gives resulis
for global-average temperature, while Figure
4 gives resulls for the tropics (20°5 10 20°N),
Model and observed resulis are compared in
these Figures using lincar trends over the period
January 1979 through December 19997 for the
surface, for individual lavers. and (nght-hand
panels) for surface changes relative to the tro-
posphere. Rectangles are used 1o illustrate the
ranges of both model trends (red rectangles) and
b d trends (blue les). Individual
observed-data trends are also shown.

Since statisti inties (sce Appendix A)
are not shown in these Figures, the reciangles
do not represent the Tull ranges of uncertainty.
However, they allow auselul first-order assess-
ment of ies and differences between
observations and model results, Overlapping
rectangles in the Figures indicate consistency,
while rectangles that cither do not overlap or
show minimal overlap point 10 potential in-
consistencies between observations and model
results.

For global averages (Fig. 33, models and obser-
vations g v show i
A potentially serious inconsistency, however,
has been idemificd in the tropics. Figure 4G
shows that the lower troposphere warms more
rapidly than the surface in almost all model
simulations, while, inthe majority of observed
data sets, the surface has warmed more rapidly
than the lower troposphere. In fact, the nature
of this di is not fully captured in Fig.
4G as the models that show best agreement with
ihe observations are those that have the lowest
{and probably unrealistic) amounts of warming
(see Chapter 3, Fig. 5,60 On the other hand, as
noted above, the rectangles do not express the
Full mange of uncertainty, as they do not account
Tor the large statistical uncertainties in the indi-
vidual model trends or the large constructional
and statistical uncertaintics in the observed data
trends,

The potential discrepancy adentified here is a
different way of expressing the amplification
discrepancy described in Section 4, item (5)

Wl he longest perind comman to all model
simulations.

above, 1t may arise from ermors that are common
1o all models, from crrors in the observational
data sets. or from a combination of these fac-
tors. The second explanation is favored. but the
issue is still open.

A potentially serious
inconsistency has
been identified in the
tropics. The favored
explanation for this is
residual error in the
observations, but the
issue is still open.
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Modeled and Observed
Global-Average
Temperature Trends
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Figure 3: Comparison of observed and model dared global rends (lefe-hand panels) and trend

differences (right-hand panels) ever January 1979 through Decembu Im based cn Table 5.4A and Figure 5.3 in Chapter
5. The upper red rectangles in each box show the range of madel rends frem 49 model simulations. The lower blue rect-
angles show the range of cbierved trends, with the individual trends from different data ses indicated by the symbols.
From bottom te top, the left-hand panels show trends for the surface {T;). the lower troposphere {Ty,r). the troposphere
{T*}. the mid troposphere to lower stratosphere (T;). and hlw sh:nosphnm(T.: mdgm-hnnd pands ﬂ-m«d.ﬂu«-
ences in trends berween the surface and either the trop phere, with a pos

a stronger warming at the surface, The red vertical lines bhowm mg& u(dl modd reum.‘l'he wertical black dnhed
lines show the zero value. For the cbserved trend differences, there are eight values corresponding to combinations of
the four upper-air data sets (as indicated by the symbols) and either the HadCRUT2v surface data or the NASA/NOAA
surface data {which have almest identical trends).
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1 T Modeled and Observed
H Temperature Trends
in the Tropics (20°S-20°N)

@ Radosoren (RATPAC) 4 NOAA mriace
1§ Fadssondes (HasATZ) S MABA e
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Figure 4: As Figure 3. but for the tropics (20°8 to 20°N), based on Table 548 and Figure 5.4 in Chapter 5. Note
that, in the tropics, the tropospheric radiosonde data (green and purple filled cireles in panels € and D) may have a
cooling blas and that it is unlikely that this bias has been completaly remaoved from the adjusted dam used here. Note
alse that the (small) overlap in panel G is deceptive because the medels in this overfap area have unrealistically small
amounts of warming. On the other hand, the rectangles do not express the full range of uncertainty, as they do not
account for uncertainties in the individual madel or observed data trends.

DIFFERENCES: SURFACE MINUS TROPOSPHERE
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5, RECOMMENDATIONS

‘What measures can be taken to improve the understanding of observed
changes?

In answer to this question, drawing on the material presented in the first five chapters of this Re-
port, a set of primary recommendations has been developed and is described in detail in Chapter &,
The items described in Chapter & expand and build upon existing ideas, emphasizing those that are
considered to be of highest utility. The seven inter-related recommendations are:

(1) The independent development of data sets and analyses by several scientists or teams will help
to quantify structural uncertainty. In order to \ge further independent scrutiny, data sets and
their full metadata (ie, information about instrumentation used. observing practices, the enviran-
mental context of observations, and data-processing procedures) should be made openly available.
Comprehensive analyses should be carried out to ascertain the causes of remaining differences
between data sets and to refine uncertainty estimates.

(2) Efforts should be made to archive and make openly available for Im‘lnp:ndenl amlyss sm
balloon-based, and satellite data and metadata that have not p y been expls

should be placed on the tropics and on the recovery of satellite data before 1979 (wll[ch may allow
better characterization of the climate shift in the mid-1970s).

(3) Efforts should be made to develop new or reprocess existing data to ereate climate quality data
sets!! for a range of variables other than temperature (e.g atmospheric water vapor content, ocean
heat content, the height of the tropopause, winds and clouds, radiative fluxes, and cryospheric
changes). These data sets should subsequently be compared with each other and with temperature
data to determine whether they are consistent with our physical undel-m‘.:lm!nqr It i is 1mporunt o

create several independent estimates for each variable in order 055 the mag of
tion uncertainties.
(4) Efforts should be made to create several h heric lyses, Particular care

needs to be taken to identify and homogenize critical input climate data, Identification of critical
data requires, in turn, observing system experiments where the impacts and relative importance of
different observation types from land, radiosonde, and space-based observations are assessed.

(5) Models that appear to include the same forcings often differ in both the way the forcings are
quantified and how these forcings are applied to the model. Hence, efforts are required to separate
maore formally uncertainties arising from model structure from the effects of forcing uncertainties.
This requires running multiple models with standardized forcings, and running the same models
individually under a range of plausible scenarios for each forcing.

(6) The GCOS (Global Climate Observing System) climate monitoring principles should be fully
adopted. In particular, when any type of instrument for measuring climate is changed or re-sited,
there should be a period of overtap between old and new instruments or configurations that is suf-
ficient to allow analysts to adjust for the change with small uncertainties that do not prejudice the
analysis of climate trends. The minimum period is a full annual cycle of the climate. Thus, replace-
ment satellite launches should be planned to take place at least a year prior to the expected time
of failure of a key instrument.

(7) A small subset (about 5%) of the operational radiosonde network should be developed and
implemented as reference sites for all kinds of climate data from the surface to the stratosphere.

1 Climate quality data sets are those where the best possible efforts have been made to identify and remove non-
climatic effects that might produce spurious changes over time.
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Why do temperatures vary vertically (from
the surface to the stratosphere) and what
do we understand about why they might
vary and change ove

Convening Lead Author:
Lead Authors: |.V¥.Hur

Contributing Authors:
B.D. Santer, DOE LLNL: M.D. Sch

SUMMARY

Temperatures Vary Vertically

The global temperature profile of the Earth’s atmosphere reflects a balance between the radia-
tive, convective and dynamical heatingfcooling of the surfa here system. R from
the Sun is the source of energy for the Earth's climate, with most of it absorbed at the surface.
Combined with the physical properties of the atmosphere and dynamical processes, the heat is

mixed vertically and horizontally, yielding the highest temperatures, on average, at the surface, Temperature trends
with marked seasonal and spatial variations. In the atmosphere, the distribution of moisture at the surface
and the lower air pressure at progressively higher alticudes result in decreasing temperatures can be expected
with height up to the tropopause, with the rate of decrease depending on geographical factors to be different
and logical conditi The tropof marks the top of the troposphere, ie., the from temperature
lower 8 to 16 km of the atmosphere (see Preface, Fig. 2), and varies with latitude and longitude. trends higher in the

Abave this altitude, the physical properties of the air produce a warming with height through atmosphiers.
the stratosphere (extending from the tropopause to ~50 km).

Temperature trends at the surface can be expected to be different from temperature trends
higher in the atmasphere because:

= Surface types (sea, snow, ice, and different vegetative covers of land) differ considerably in
their physical properties. Near the surface, these differing conditions can produce strong
horizontal variations in temperature. Above the surface layer, these contrasts are quickly
smoothed out by the atmaspheric mations, contributing to varying temperature trends with
height at different locations.

Changes in atmespheric circulation or modes of pheric variabilicy (e g, El Nifia-South
Oscillation [ENSO]) can produce different temperature trends at the surface and alofr.
Under some circumstances, temperatures may increase with height near the surface or
higher in the tropesphere, producing a "temperature inversion.” Such inversions are more
common at night; over continents, sea ice and snow during winter; and in the trade wind
regions, Since the air in inversion layers is resistant to vertical mixing, temperatures trends
can differ between inversion layers and adjacent layers.

Forcing factors, either natural (e.g, volcanoes and solar} or human-induced (e g, greenhouse
gas, aerosols, ozone, and land use) can result in differing temperature trends at different
altitudes, and these vertical variations may change over time. This can arise due to spatial
and temparal changes in the concentrations or properties of the forcing agents.
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Senator PETERS. Thank you, Mr. Chairman.

And given that thought, Admiral Titley, if you could explain
briefly, a little bit expand on that, how satellites is a complex
mechanism in order to do that, as well as if you could briefly ex-
plain the corrections that have been made over time to UAH sat-
ellite datasets since the original estimates were published.

These datasets are revised on a regular basis because of the dif-
ficulty in correlating. Is that correct?

Admiral TITLEY. Senator, thank you. Thank you, sir.

I mean, kind of the bottom line, it is not rocket science. It is ac-
tually harder. Once you get the satellite up in the air, then you
have to do something with the data.

And as has been talked about I think several times in this com-
mittee, they are not thermometers in space. There is all different
types of frequencies, all the way from visible, the pictures that you
see on the TV, infrared, and there is also some things called mi-
crometer. So it is basically almost like radar. It is not exactly, but
some of them are.

And what you do is you are trying to look down through the at-
mosphere. But of course, the atmosphere doesn’t say, oh, here is
the low part, and then there is a nice dividing, and here is the mid-
dle. So you have different frequencies that are mostly sensitive, but
not entirely sensitive to those different parts. And then you have
to put all of that stuff together, and it is. It is complicated.

A lot of work in meteorology was done in this, and it was one
of the real big advances when we figured out how to use these data
directly and not make them like thermometers. That happened
around the turn of—around the year 2000 or so, and it was a big
advance.

As you have mentioned, sir, there have been just a number of
corrections that have had to be made to the UAH dataset. Merging
overlapping satellite records. So when you have satellite A and sat-
ellite B, how do you, in fact, cross-calibrate? How do you compare
them?

As the satellites go around and around, they actually start fall-
ing back to Earth. Very slightly, but they fall back to Earth. You
have to account for that orbital decay.

You have to account for the stratosphere, the air up above what
we have been talking about, this where we live or near where we
live, and is that contaminated? And then there is even things like
the diurnal heating correction. So like when the satellite is in
where the Sun, you have to account for that.

And those have—it has taken other people, such as Mears and
Wentz from Remote Sensing Systems and other external scientists,
to help with those datasets to get them corrected. And again, it is
not easy stuff to do. It is hard stuff to do, but there have been a
number of errors.

Senator PETERS. So I get from that testimony that satellite data
alone may be inadequate. We need to look at a variety of other
measurements of climate indicators. So how do climate models
compare with these measurements and observations in the aggre-
gate when we are looking at a variety of tools to measure what is
happening on our planet?
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Admiral TITLEY. There is a saying certainly in the weather com-
munity and other communities as well that all models are wrong,
but some are useful. And in a technical sense, it is really hard to
find a weather or a climate model that is exactly right all the time.
But they can tell you very useful things.

So even back in 1979, Jim Hansen of NASA published in Na-
ture—it was published, I think, in May 1980—his climate model.
This is from 35 years ago, when probably his computer system was
not even as powerful as our iPhones today. And what that showed
in published record, anybody can look it up, is the temperature was
going to start going up.

And then when you overlay the actual temperatures on there, he
was wrong. But he was wrong because he was actually slightly too
cold. But it was very useful because it said, guys, we are going to
get on this escalator and we are going to start going up.

So the climate models are useful. They are certainly getting bet-
ter. Are they perfect? No. Could we use more research and develop-
ment, better computers? Yes. Could we use better observations?
Yes.

But they are very useful, and they do help us understand the fu-
ture.

Thank you, sir.

Senator PETERS. Well, thank you, Dr. Titley.

One, another question here. We have heard about or had testi-
mony that folks sometimes have difficulty getting their positions
heard. If you could explain to us the importance of skepticism in
the scientific process, that that is, indeed, very important and spe-
cifically how the peer review process works, which leads to these
academic journals and studies?

Admiral TiTLEY. I mean, skepticism is what drives science. I
mean, very frankly, it is what drives science. It is people who ask
different questions in different ways. They either get inspired. They
come up with a new dataset. They see a way to use a new dataset.
And that can sometimes challenge the very orthodoxy. I mean, you
look at Darwin, who challenged the very orthodoxy.

As far as the peer review, the peer review doesn’t mean that this
is the final settled science, but it does mean there is a logical flow.
It means that the scientist or the author has, in fact, correctly
taken a look at his or her field previously and documented that.
The methods are clear, and the conclusions are consistent with the
evidence that was presented.

It may not be the final word, but it is sort of that Good House-
keeping Seal of Approval, if you will. So that if you are reading
from another field or if you are policymaker, if you understand it
is peer reviewed, there is some sort of certification or quality con-
trol. It may not be perfect, but over time, it is a pretty good proc-
ess.

Senator PETERS. So these papers aren’t based on dogma. It is a
very robust scientific process that has significant review by peers
who have expertise in the area?

Admiral TITLEY. Senator, in my opinion, the vast majority of pa-
pers are based on data and not dogma.

Senator PETERS. Doctor—or Admiral Titley as well, what do we
understand about the natural phenomena that has contributed to
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warming from the last 150 years versus effect of carbon that hu-
mans have released? We have heard that from some of our other
panelists that there is other natural phenomena. Could you kind
of dive into that a little more and give us a better sense of what
we know about humans’ impact?

Admiral TITLEY. Yes, sir. The humans’ impact is really primarily,
although not exclusively, from greenhouse gases. Land use also has
an impact. Agriculture has an impact. But primarily, it is our en-
ergy uses, fossil fuels. And what they are doing is putting billions
of tons of greenhouse gases into the atmosphere.

So even though in absolute terms, 400 parts per million doesn’t
sound like that much, compared to where we started the pre-Indus-
trial Revolution at about 275, 280 parts per mission, it is a signifi-
cant increase. And we are seeing those effects. We are seeing the
temperatures come up, but we are also seeing the rainfall come up.
A warmer atmosphere has a potential to hold, if you will, more
water vapor. So when it rains, it can rain harder.

The temperatures are melting the ice. We have already talked
about, I believe, with Senator Schatz, the sea level or the thermal
expansion. So we are seeing all these different independent lines
of evidence. And since we built human civilization based on climate
stability, that is the challenge that we have.

We now have to adapt. And I think I have heard some of the
other panelists say we need to adapt. So we are going to have to
adapt to the climate changes that are coming that we cannot stop,
but at the same time, we need to figure out how not to drive over
the cliff, how to change ourselves so that all we have is a bumpy
ride, put your seatbelts on, and we will be OK.

But if we don’t get serious with this, we could have a very, very
rough ride, indeed.

Senator PETERS. Well, hopefully, that is where we will spend
time in this committee in the future is thinking through how do we
adapt, how do we design policy prescriptions to what is a complex,
but potentially dangerous change in the climate.

I want to go back because I didn’t hear the response, I think Dr.
Happer talked about carbon dioxide, and I just want to have oppor-
tunity for you to respond, Dr. Titley. Is that we know that there
have been periods in Earth’s history prior to the evolution of photo-
synthesis, I believe, when carbon dioxide levels in the atmosphere
were much higher than they are now.

Can you talk about what the Earth was like in times past when
carbon dioxide levels were much higher and what that might mean
for us now? And you heard Dr. Happer’s testimony. Perhaps your
response would be helpful now.

Admiral TITLEY. Yes, sir. There certainly have been times in the
past where carbon dioxide levels have been much, much higher, but
there weren’t modern humans, and there certainly weren’t billions
of humans. So our challenge is how do we deal with these new rises
in carbon dioxide with 7, 8 billion people onboard?

The plants—certainly, in general, plants do better, but so do the
weeds. So if you are looking at agriculture, what you have to deal
with is not only are the plants that you want to grow are going to
do better, the weeds are going to grow better, but they are going
to do so in a hotter environment.
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Do you start crossing thresholds, either not only daytime thresh-
olds, nighttime thresholds? Does it mess up with the germination?
Does it mess up with the pollination? Where are you going to get
the water from if you have changed the basic water cycle?

So all of those issues become a great challenge, and you need to
be able to look at the entire system of agriculture in a changing
climate to see where the risks are and where the challenges are.

Senator PETERS. Well, I think those are important points, Dr.
Titley, and I would actually like to enter in the record two studies,
one in 2006 by Stephen Long and another study here by Samuel
Myers, also has a little different perspective on CO; levels than
what we heard in testimony today.

If I could introduce that in the record, Mr. Chairman?

Senator CRUZ. Without objection, they will be made part of the
record.

[The information referred to follows:]
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Crop Courtry Treatmants used Ty grown Nrsiar of replicabes o0,
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Soybaans United States 1 treatment 2001, 2002, 2004, 4 7 AT2-BES/550
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e (18 tries avadlable; UN 2011 2012 revision available
at hetpe!,

fesa.un orgwppl).
Dictary intakie dats from the UNFAQ Fead Balapce Shma (baryear 2000) and

4o ather of the {0, effect were

Mentified. We tested whether changes In different nutrients for particular crops
Ivother, as has heen described™® To address th

".Th'nhh

wdmﬂlﬁbmpwﬁm!mhdlmwwm
within a crop, mmnlﬁplndlhd’n]u b}'lhmmbu-dhvdep-uﬁml conpar-
isoss. Thi

are sbgnificant despite their having been seleted from muliple tests

ron intake, and the propartons of all food items derived from O, grains and
kymmmmadmndmﬂ&cuumﬂmuhwydrpmdmlm plant
sources of won and zinc (Extended Data Table 5)

a standard approach for aralysing repeated measurement data™ that, in our case,
were af nstrient corcentrations at tinse of harvest. Resalts for all analyses are
Wntﬂnhﬂ«wwdmwaydﬂmm ﬂuwnmmionafwu!
eists along with the 93% confids Twa-

30, Schaciar, N & Gentlernan, L F. On judgsg the significance of diterances by
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(2001}
31 Hasegawa, T. A ctal t bwe

enrichmant (FACE} sites in lapan. Funct Mant ol 40, 148-153 (2013).
kS |'ua| M, Morton, kamuqu !uammcmm Free Aur Carbon diowide.

tailed P values are alsa .

When combinittg aur data with previously published data, we defined outliers
a5 pairs in which the difference between an chservation at ambient [C0:] and
elevated [C0,] was at Jeast theee trnes the standard detation freen the mean

Crop Pasture Sei 60,
£37-707 (2009)
33, Markeiz. Rt Strnlioes, R, &mm&IM|molhwmnlrE;: by drought
by ebrvabint

Ay in mae.
4 Exp. Bot 62, 3235-3245 (2011}
34, Gullespin, K odal WJHWMW raGprtary mln‘#w

differences fu"m o ppe when caloulited
Uit thi Inded s total of s of p
of zin in potato,
Agricultaral methods. Rice {Oryza sarivi, 18 cultivass), wheat { Triticun aesti-
vurm, & cultivars), matre (Zea mays, 2 cultivars), sovbeans (Glyeine max, 7 culti
vars), field peas (Pisun sitivum, 4 cultivars) and sorghum {Songhum bicolor, 1
culiivar) were grown under FACE anndlunnn &ldng daylight houwrs, The experi
Auistralia, beteen 1596 and
2010, Ansbient [CO,] ranges were between :in!md E p«pm..tlmld 100 was
between Héamlsﬁlp.pm “’Iﬁdwmymol‘mrhu;. each experiment

Enmviron. 35, 163-184 (2012).

35. Ottman M. J ol st dreught
conditiona New Phydod 150, 261-273 (2001)
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oraisseds. A

mg;mgbmocmw to seed protein content J Agric. Food Chem. 38, 18-24
[}

involveed muliple o and more than ane set of
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perforened. These da Table 1 : il
and growing conditions, FACE methods and experimental desgns have been
published for rice™, wheat', maize™, sobeans™. field peas™ and sorghum™,

39, Haug W& Lantzsch, H.J.
in Cermals and cireal . e Foodd Agric. 36, 1423-1426 (1583)

40, Rabay, V. ol Orgin and sesd phanatype of maie ko phyts: s 1-1 and ko
phylic acid 2-1. Piant Prysiol 124, 355-368 (2000)

41 Wushier, 5 E. Pearson, L M. & Brown, KLH uaurmmﬂwamw

mmmmm&mmmmn

G204 Macmilkan Publishers Limited, Al rights reserved



156

Extended Data Table 1 | Percentage change in nutrient content at elevated [CO;] relative to ambient [COz]

e Zn (pplg} Fe (ugig) Protein (mgig) Phytate (3/100g)
{mumber of
pairs) e 955 C1__ Pvalae % 95% 01 Poalue % F5WCT Pavalue % 05% C1 Povalue
C3 grosses
Wheat 64 43 59) <0001 51 (65-37) <0001 43 (7552 <000l 42 (7508 00w
Rice 31 33 (S0.1T) <0001 52 (76-29) <0000 AE (BG.68) <0001 [ (-4674) 0687
3 legumes
Fickdpeas 10 A8 (B8.38) 0002 -1 (6714} 0003 21 (4000) 003 S8 A0 005
Soybeans 2§ A1 (64.39) <0l -1 (-58.25) <0001 0% (04137 0267 -3 (3712 0303
4 grasses
Maize 4 52 (10706) 0077 S8 (109031 0038 -6 (13045 0312 41 (13037 ons
Sceghum 4 -13 (-6238) 0603 16 (3897 067 0.0 (-4052) 0993 128 (-158501)  od18
*"Nurriber of pairs” nelers fo growm o 8 specitic site under growing 1£0:)
mean nutriest: values for o values for i e 51 e s [C0; . n st instances, data from four replicates
were: poaked for sach valu, maaning [hat bight experiment each Tabla 1 for dutuls of axperi
LETTER
Extended Data Table 2 | Original data bined with previously published FACE data from studies 3,4, 6and 7
N Znipug/g) Fe(ug'g) Protein (mg'g)
(number of
E,‘ ) Y 95% Cl P-value %o 05% CI P-value o 95% C1 P-value
C3 grasses
Wheat 70 S8 (-119-56) <0001 55 (68-41) <0001 65 (-75-54) <0001
Rice 32 230 (4815 <0001 49 (-13-26) <0001 8 (-90.-69)
Barley 4 -l4 (-193.-27) 0002 =105 (-12.2-87) <0001 =119 30107 <0001
C3 legumes
Fieldpeas 10 -68  (9E-38) 0002 41 (-67-14) 0003 A2 (4D01) 0039
Sovbeans 25 S50 (64,-39) <000 41 (-58-25 <0001 05 (0413 0267
C; tubers
Potato 2 -39 (-12962) 0440 23 (-3887) 0472 <46 (77-14) <0001
Cd grasses
Muize 4 =32 (-10.7.06) 0077 5% (-109-03) 0038 -6 (-13.043) 0312
Sorghum 4 =13 (-6.238) 0603 1.6 (-5897) 0674 0.0 (4952) 099
Sen Ectended Data Tabile § for a lis! of sxpeniments. Percentage changs at ehrvated | ambsent [C0z1
*"Number of pairs’ refers ! e cof , and
o t valus for sk war idancical idanic: i ™ 1[C0:L & plicate
were pocled for each value. meaning that eight experiments were combined for sach comnparison (see Table | for details of experiments)h
Extended Data Table 3 | Original data bined with FACE and data from studies 1-10
N* Znipgg) Fe(ugg) Protein {mg g}
(number of
pairs) % 95% CI P-value %y 5% CI P-value % 95% Cl1 P-value
(3 grasses
Wheat TE 9.1 (-12.1-6.1) <0001 =59 (-78.-4.0) <0001 =72 <.0001
Rice 32 -3 (-48,-1.5) <0001 49 (-7.3-26) <0001 -8 <0001
Barley 3 -136 0 (-193-T6) <0001 100 (-124,-74) <0001 -15.0 <0001
(3 legumes
Field peas 10 6.8 (-9.8,-3.8) <0001 4.1 (-6.7-14)  0.003 =21 (-4.0-0.1) 0,039
Sovbeans 28 S50 (6.0-39) <0001 .52 (-79,2.5) <0001 0.1 (-0809) 0865
C, tubers
Potato 5 =100 (-209.24) 0110 4.1 {-16.6,100.3) 0.555 97 {-159-31) 0005
(4 grasses
Maize 4 =52 (-107,06) 0077 =58 (-109-0.3) 0.038 46 (-13.04.5) 0312
Sorghum 7 0.6 {-4.5.34) 0.764 338  (-10.299.3) 0.153 =56 (-127.2.1) 0150
Soe Extended Dam Tabde 6 for a list tage chang [C0,] redative 50 ambsent [005].
*Mharniber of psirs’ reters fur , ! t y )
pand w bient [C0;1. data from four replicates

were pooked for each vakse, meaning

Tabie 1 for details of experiments).
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LETTER

Extended Data Table 4 | Percentage change in nutrient content at 1 [CO2] 1 with ient [CO;] for all nutrients
I T G
Iy I e —— T T
T = o D T = o - o T o T

Saemple sizes for each crop (ype ane identical o those lsted in Table 1.

RESEARCH

Extended Data Table 5 | Countries whose populations receive at least 60% of dietary iron and/or zinc from C; grains and legumes

Country % Iron from Cy % Zinc from €y Population
) grains & legumes grains & legumes (in thousands)
Afghanistan 78% T8% 342
Algena 76% T 35,468
Trag 74% 83% 31,672
Bangladesh 72% 88% 148,692
Iran, Islamic Rep of T2% T 73974
Pakistan 70% 2% 173,593
Tunisia 70% % 10,481
Jordan [ Ti% 6,187
Morocco 69% 78% 31,951
Syran Arab Republic 6T% 1% 20411
Libya 67% T1% 6,355
Yemen 6% 5% 24,053
Myanmar 65% Bl% 47,963
Tajikis 62% 56% 6,879
India 59% T1% 1,224,614
Egvpt 34% 63% 81,121
Indonesia 52% 65% 239871
Sierra Leone 51% TP 5,868
Cambodia 49% 68% 14,138
Sri Lanka 4% 6% 20,860
Laos 44% 66% 6,201
Viet Nam 43" 61% B7.848
Total 2329612

e United Nasions Food and Agricult ' and 2010 United b ated population.
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Extended Data Table & | Literature reporting nutrient changes in the edible portion of crops grown at elevated and ambient [CO3]

[Biady’
Convay . Senewntrs, 5 P Basm. A Rogers, . 5 B, inhuence of
fibele et grmin cuunbty of coreal crogs. Austraian Joumal of Plant Phrysiciogy 21, T41-T58 {1594)
[Eereweera & Wilam, 7 & Conry, 1 Inhuence of Shvaled GO, nd BROSNGNS RUSRIoN oh T Growih Bnd yesid Of & Shat-Guriion e, Auaraben
frournal of Fant Piysciogy 21, 201262 1634}
[Serwwnera. . P & Conroy 4 P Growth, gran e (Dngs satrve L} < 00,
1807} Sail Sed, Paant Nty 43, 11341128 (1997)
Temperatere Gragent Tonmers e Fuenie, L 5. Ferez. P P Maninez-Carasco, B, Worcuends, R M. & D6l MGG, | M W ACHON Of E16va0ed 10 B Tegh 1Emperalines on .
fricweral chesmical composion of twa varieties of wheat Agrachimica 44, 221230 (2000).
[T Yo TIRE ol Eled o oretan CHIF experimenss. Eurcpean Joumtl of
Proroncrny 17, 243255 (2002
Terrenerman L ocow A E 00t W Tty TR mEaa wny g
European Joumal of Agronomy 17, 210242 (20021
[Fangrmeser, & De Temmerman, L. Black, C. Persson, K. 8 Vome. . ERClS Of S4v0Hed CL0, ANGIOr GZone n NUTIENT COROENFaU0NS 8nd NUATENS ULaR |
Jof potatons. Burcoesn Joumal of Agronomy 17, 353368 (2000,
7 & FAngmeet A AGROSpent T, enrahiment AMECES DOLBIOES. 2 TUSS! QUEMEy TBLs EUTOpean JoUmal of Agronomy 30, 5564 (2008]
PET s, Wt F-8r 0, Berichirsiet B TR IIPEY O (PR AN PATRITIETY S0 SIETEN COg=mien of whis! Snd ey grown
Agrioultore, Ecomyte 136, 56.58 2000
E e o [Fimcrrmer, 7. @ a1 EFects of FPratnd s, P Ggen Bapely nd opameh e STire on sprrg Wheal | Growih and yana. Ervarcermeeta Pation 91, 331]
250 15081
[Fungrmeser, i Griners. U Fiogy. . Vermenren. BL & JIger, Fi~J. ETECIS Of SHvale .. MIQen supply Bnd IDDOSRENs GZ0NE o Sring wheat - I
[Matrients (N, P K. 5, Ca. Mg, Fa. i, Zn). Emvarceemental Poution 98, 43-50 [ 1997).
et A @ 8l ENeE on pulnenes St wheal e g Fraed 0, Corenir oS Bad SR Conanons B U
. Mubigle-ste exper Eu 10, 205209 (1958)
[ger -1 Hertwen. UK Fangmewer, A, P et 1. wheal wirodechon.
Eurcpasn o 10, 154162 (H)
T
FeE [ . Usiceng. WL Weurs. 5. Ftayusis, . & CRsds. M CHoWHh and nETCgen wpLake Of G, Snnched N168 Gaer Ieia conabons. Hew PIicsgst
150, 223229 2001
TFGr 11 61 1 EMects of Pt G, eniichemere aesd Favogen Supely o e yoeid o IEmperale pacidy Nice cops. P Crops Revemen 83, 291270
2003
[Uememng. W Fom_ H-T. Wobayass, K. & CRada, W The moact of Bievaed GO, Seid-grown rica gran. K Lo
[Research B3, 370248 (2004)
= P 1 el Bt 5 oW InG eia. Taog Preaam 108, 170
2000
[Pl H & Canemon, 1 ope wpenmes 87e3 GO exponre. Jowrnal of
fCerenl Sesence 50, 278282 (2000
E i [Frice. 5 A Husscn. G. B.. Rogers. HH., Terber. H. A EM6Cts Of BITGRphen: O RN ENE o Crop NUENE ynamics UNGger -l COngiiors. Jourmil
ot Pt ictrisen 31, 758773 (2008
T Yoo W, Mancerschesd, FL, Jager, H-J. & Wejer, G ERGOH of S68300-100g CO; ENchment on Cerears. | GIowin pericemance and yieid. Aghoumire,
s st Environment &8, 230-240{1594).
neriched, 1. Denom. J_ Jgee, M. J & Wngel. FL_J. Efects of saason borsg GO, W
Eceaystems & Environment 54, 175185 (1598)
T[T -
02128 7
[ets-Aoatres fLictacton, | Riningg atmengphen CO, ! T Wt Evelation 17 (10}, 457-
Jest (20021 [Uses data rom stugies 1, 2, 5, and 10 85 wet e stusts then food crops]
[Acram, 1 10 and Locen. D B Reauction of Vesriow Bon and SLe:ed fuiTient SIGEAN0N CONNDULE L M IENT DECHnE Of CICDS Grown In Svaled.
oncentraions. Plant, Cell, & Emvaronment 36, 657705 (20131 [Uses dsta rom studies 1, 5. and 90 &5 well 55 numerous oifver shadkes on non-editle
Sl e.10.D Mengale WX o eloch o 7 T ST o pa T Tl o e st
rogen: § meta-analysis. Plant Ecclogy 113, S05-521 (012, [Users cits fom stusies 1.2 3.5, 5, 40 9 53 wel 45 humercus ofier Secie on nen-editin
sw0es aned plants offer than food crops]




159

| REsEARCHARTICLEE

1918

Food for Thought: Lower-Than-
Expected Crop Yield Stimulation
with Rising CO, Concentrations

Stephen P. Long, ™' Elizabeth A. Ainsworth,"*? Andrew D. B. Leakey,™"

Josel Nsberger,” Donald R. Ort* 1%

Madel projections suggest that although increased temperature and decreased soil moisture will act
1o reduce global crap yields by 2050, the direct fertilization effect of rising carbon dioxide

concentration ([CO,]) will abtset these losses. The €O, fertilization factors used in models to project
future yields were derived from enclosure studies conducted approximately 20 years ago. Free-air
(FACE) has now facilitated large-scale trials of the major
grain crops at elevated [CO,] under fully open-air field conditians. In those trials, elevated [€O,]
enhanced yield by ~50% less than in enclosure studies. This casts serSous doubt an projections

that rising [C0,] will fully offset losses due to cimate change,

uch effort hos been put into linking
Mlnndek of climate ansl crop growth e
project future changes in crop yields
and food supply across the globe (/). Pro-
jections reviewed by the Intergovernmental
Panel on Climate Change (IPCC) supges thar
increased tempernture and decreased sl mois-
e, which would otherwise reduce crop yickls,
will be offset by the dircet ferilization effect
of nising carbon dioxide concentration (JCO, )
(3=7). The IPCC peojections suggest that fotal
crop yield may mse when averaged across the
glabe, but this net gain will resudt from penerally
Jower yiehds in the topics and increased yields in
temperate Fones. The accuracy of these projec-
tions andd thus fiture food seconty depend crit-
ically on the magninade of the 00, fertilization
effect under actual growing conditons.
Ammosphensc [C0,] has risen from ~260
pats per million {ppm ) approximately 150 years
agn o 380 ppm rocday (8, Yet [C0,] is marked-
Iy uniform across the globe; so, in contrast to
temperature and soil moisture, there is no con-
sistent spatial varation on which 1o estimate
yield resporses to increasing |C0, . Similarly, it
is ot sy to alter [C0),| experimentally around
acrop in the field. As a result, most informaion
about erop responses 1o elevated [C0,] is ob-
tained from snudies in greenhouses, Eaboratory
controlled-environment chambers, and transpar-
ent fiehl chambers, where released COy may be
retnined and easily controlled These setrings
have provided the basis for projecting C0, fer-

"Depatment of Plaet Bology, ‘Department of Crop So-
erces, “imtoete for Genomic Biology, Uriverity of Mlncts
at Urbana Champaign, 1201 West Gregory Drive, Usbara, 1L
41801, USA. *Photosmhess Research Unit, 1S, Depart-
ment of Agroslture-Agricultural Research Senvice, 1201
Wt Gregory Orive, Urbana, IL 61801, USA. inwtitute for
Plart Sciences. £TH Zurich, 8902 Zurich, Switrel

*To whom correspondence should be addeved. E-maid
stevelgplite wue edu

tilization effects on the major food crops: maize,
rice, sorghum, seybeans, and wheat,

Crops sense and respond directly 0 nsmg
€] theough photosynthesis and stomatal
conductance, and this i the basis for the fer-
nilization effect on vield (9), In C, plants, meso-
phyll cells containing ribabose-1,5-hisphosphate

vlase-oxygenase (RuBisCO) are in direct
contact with the interceflular air space that is
connected to the atmosphere via stomatal pores
in the epidermis. Hence, in C, crops, rising
00, mceses net photosynthetic 00, uptake
because RuBisCO is not CO-saturated in
todyy"s atmosphere and because €O, inhibits
the competing oxygenation reaction leading o
photoresparation. RuBisCO s highly conserved
across terrestnial plants, so instantaneous ne-

sponses 1o mcreassd [0'0,] may be generalined
across O plants, inchuding rice, soybeans, and
wheat. In theary, at 25°C, an increase m [C0,]
from the present-day value of 380 ppm 10 that
of 530 ppm, projected for the year 2050, would
increase C, photosynthesis by 38% (9). In con-
trast, in C, crops such as maize and sorghum,
RuBsC0 15 localined 1o bundle sheath cefls in
which £0, is concentrated to three fo six times.

eric [CO,) (101, This o s
sufficient to saturate RuBisCO and in theory
would prevent any increase in OO, uptake with
rising [C0,]. Although O, crops may not show
a direct respanse in phatosymhetic activity, an
indirect increase in the efficiency of water use
via reduction in stomatal conductance may still
increase yield (%).

How have CO, fertilization factors been
derived? Most models used to predict funsre
crop yields, including those within the [FCC
(5, are from two families: the Decision Sup-
port System for Agrotechnology Transfer
(DSSAT) (6, 11, 12) and the Frosion Produc-
tivity Impect Calculator (EPIC) (13-15), Studies
using DSSAT assume OO, fertilization factors
based on the method of Peart o al. (3), which
used summaries for soybeans (F6) maize (17,
wheat (75), and rice (/5). Stulies uang EPKC
(43=15) assume OO, fertilization factors hased
on the method of Stockle e al. (4), which
parameterized a OO, response function to
reproduce the mean yiek! stimubations reported
for clevated [CO,] by Kimball (18} Tracing
DSEAT and EPIC methods hack revenls that the
magnitude of the OO fertilization effects in
these models i primarily based on data from
three literature reviews from the 1950s (/615
The €O, fenilization effects reponed in these
reviews for the magor crops ane given in Table |

Table 1. Percentage increases in yield, biomass, and photosynthesis of crops grown at elevated
[€0,] {550 pmol mal ) relative to ambient [€0,] in enclosure studies versus FACE experiments,
Data for enclosure studies were summarized by Kimball (18), Cure and Acock (17, and Allen ef al.
(26} and in Fig. 2. Mean response ratios from these reviews were adjusted (o an elevated [CO,] of
550 pmol mal * by means of the nontectangular hyperbelic functions for €, and C, species

Fig. 2. The values that summarize all chamber studies shawn in Fig. 2 are given in the row entitled
“enclosure studies.” Percentage increases for FACE studies were generated by meta-analysis [see
supparting online material (SOM) and table 52] (37).

Source Rice Wheat Soybeans €, trops.
Fhetd
Kimball (1583} 19 2B 21 =
Cure and Acock (1988 1 1% 22 27
Allen et al, (1987) - = 26 =
Enclasure studies i 3 32 18
FACE studies 12 13 14 o
Blomass
Cure and Acock (1986) 21 24 30 8
Allen ef al. (1987} - - 35 -
FACE studies 13 10 25 o
Pholosynthesis

Cure and Acock (1936) 35 21 32 4
FACE studies 2 13 1%

“Data from enly 1 year in Leakey ot ol (201,

30 JUNE 2004 VOL 312 SCIENCE  www.sciencemag.org



affer adj crop ar
i comman [C0,] of 550 ppen. Collectively, the
fentilization factors averaged across the C, crops
irce, wheat, and sovheans) are 24% for viehd,
27 for homass, and 29% for photosymthesis.
The responses for maize were lower except for
viehl, which was reported to increase by 27%
(Table 1p All studies included i the reviews
wsed encloanes. such a5 contolled

tal chambers, mm{mu fiekl enclosunss, or
openr-top chambers. Since the 19805, many fr-
ther chamber studies have been conducted
When these are compibed for wheat and soy-
beans, an even larger vield fertilization factor of
31% is suggested (Table 1) Although this is 2
wealth of data on which to project a 00, fertil-
ization effect for crops across the globe, no
agrocherical or plant-breeding company would
hase its business plan for a new chemical or
vanety solely on greembouse studies without
rigorous field miaks (/9. 20). Yet ocur cument
profections of future woekl food supply are
hased an such potentially inedequate data.

Why might chamber studies be inadequate
for predicting future ylelds? Many chamber
studies used plants growm in pats, which are
now known to alter the response of plants to
clevated [O0,] (21). Most of the fickl studies
used open-tapped and Tled
chambers, up to 2 m in dnumckr Despite heing
partially open to the atmosphere, important en-
viroamental differences remain. In a chamber
carefully designed to minimize envirnmental
differences, receiving ~75% of full sunlight,
the temperature inside the chamber was 43°C
wammier and the water vapor pressure deficit
was 0.8 kPa higher (22} than outside the
chamber. The transmission of sunlight ino the
chambers was lower and the o of diffise 10
direct sunlight increased, Other chamber types
would cause even preater perturhation of the
natural environment. All chambers alter air
flow and meercept runfall, Access by pests
and diseases 1 nestricted, but if they gam nc-

Fig. 1. (A} One of the
16 FACE plots of say-
beans at the Uriversity
of Ilfincis SoyFACE Facil-
iy, €0, is released into
the wind from nozies in
the green pipe, on the

formity of CO, treatment within a FACE ploL Here the atmosphere around a
m!(mpwﬂmlheulawﬂlplﬁ\smﬂar\edut%ﬂpwlm}lm
the rest of the field s ab the curment ambient [CO,]
growing inside an elevated [CO,] plot was warmer in full sunlight 1han maize
growing under ambient [CO.] outside the plot at 15:30 on 15 July 2004. At
that fime, the average canapy temperature inside the four elevated [C0,] plats
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cess, higher humidity and more shelter may
accentuate epidemics. As a result, the effect of
the chamber on plants is often greaser than thar
of elevated [CO,) (230 In agronomic trials,
buffer pows are used between teatments; fyp-
ically the width of this zone is twice the height
of the crop. Because of the small practical size
of chambers, most or all of the trested erop will
be within this zone, which could exaggerte the
mm&e 1o elevated [COy] (24). To overcome

i free-air o entich-
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Arizona, USA, in 1992, 1993, 1996, and 1997,
managed prassdand at Fschikon, Switrerland,
from 1993 to 2002; managed pasture at Bulls,
New Zealand, from 1997 to 2002; sorghum 21
Maricopa, Anzona, USA, in 1998 and 1999;
rice ot Shizuknishi, Japan, from 1998 10 2000;
and soybeans at Urbana-Chamipaign, [llinois,
USA, from H001 to 2005 and maize at the same
location i 2002 and 2004 (26, 28),

What have we learned from the FACE ex-

ment lEA( E) was developed,

How does FACE work? A typical FACE ap-
parats consdas of a 20-medzameter plot within
the crop field (Fig. 1A}, in which CO, is re-
leased just above the crop surface on the upumd
sade of the plor. Wind divection, wind velocity,
and [C0,] (or orone concentration) are mea-
sured at the center of the plot. Fass-feedhack
computer control then adjusts the positions and
amount of OO, released at different points
arond the plot. These systems have been ene
ineered 5o that they can operate continuously
from sowing to harvest and maintain [CO,]
within the plot 1o within =10% of the target
level, ether 530 or 600 ppm, for ~90% of the
time (9, 24-24) (Fig. 1B). Elevated [C0)] de-

The response of plant production
(€0, is approxinately hyperbolic, moreasing
lineardy at subambient concentration and satu-
rating a1 around 800 o 2000 ppen. The ratio of
yield at trestment [0, ] to yield ot atmospheric
[€O,] was calculated for over 340 independent
chamber studies. Hyperbolas of the response
of yield 10 [C0,] were then fit for wheat, soy-
beans, amd C, grins (madze and sorghum
combined) (Fig. 2. Only one replicated FACE
expenment wis conducted with each of these
crops, but these experiments were repeated over
2 1o 5 years. It was notable that for each crop,
the stimulation of yield ohserved in FACE
experiments fell well below (abost half) the
value predicted from chambers (Fig. 2), This
was apparent for total hiomass and most nmlrd
for ph uh Motably, the stimul:

coating. so that i sunlight the cop s wanmer.
This can serve to illustrate the uniformity of
treatment (Fig. 1B).

Mini-FACE systems a5 small a3 1 m in di-
ameter have been developed and have proved
imvaluahle in ecosystem studies where the focus
is on the effect of increased input of carbon
{271 bat they do not escape the problems of
enclosures with respect to scale. Aveiding edge
effects associated with small plots s critical
when the objective i to determine an exact
C0, fertilization factor for crops. Our analysis
has therefore been limited to full-size FACE
avstems of plots =8 m in diameter, investigating
the five major global food crops and meanaged
pesture systems (table STk wheat at Maricopa,

Elavatod [CO,

of ~380 ppm. Maize  pipes surrounding

photosynthesis by elevated [C0.] in ernluvlre
shdies of rice was four imes the \:ﬂw observed
in the rice FACE experiment (Table 1). With so
few FACE stoddies, it might be thought that
these bower values are the result of chance,
Table | shows that for three key production
mesunes in four crops, only | of the 12 items is
mat bower than the chamber equivalent. The
probability of this cutcome being anributed to
chance is remote (P = 0003,

Results from FACE experiments with
crops ane consistent with OO having no direct
effect on photosynthesis, but there may be
an indirect effect through the amelioration of
drought stress by reduced stomatal conductance
at elevated [C0,] (29-37). This fits the theoret-

25.0°C

al SeyFACE was 27.9 = 0.2°C, significantly higher than canopy lemperatures.
under ambient [(O"lallslde the plots {26.8 = 0.3°C P ~ 0.03). Because the

plat are dry, they ane warmer and 5o appear a5 white or

light yellow. Greater cancpy temperatures under elevated [CO,] result from
lower stomatal conductance, reducing [atent heat loss by evapol
and leading to lower crop water use, as described in Leakey ef of. 300,

www.sciencemag.org  SCIENCE  VOL 312 30 JUNE 2004

1919



I RESEARCH ARTICLES

1920

ical expectation that C, photosynthesis is CO,-
saturated at cusrent mmq‘lm [coy| (1o
therefore, no vield increase would kcw‘od
for welb-watered crops. Under drought, elevased
€0, increased midday photosynthesis by 23%
in soaghum (37} This failed to translate info &
significamt yield increase (32). On average, no
significant yield increase has been observed for
©, crops or C, wikd grasses af elevated |C0,]
in FACE studies {28). This is in sharp contrast
to the large stimulation of vield for well-
watered plants in chambers (Fig. 2B8) used o
pammetenze models, This suggesss that the
consistent stimulation of O, crop vield by ele-
vated [C0,] currently applied in models i
inappropriate. At best, yickl will in all prob-
ability be enhanced by elevated [C0,] only in
times and places of droaght.

Wheat and rice FACE expenments inchided
nitrogen treatments. At the lowest [N] (15 to 70
kg of N ha "), the average yield increase with
elevated [CO,] was only %% (28), just aver
ane-third of that of the chamber response
(Table 1) Although this N input treatment
was considered low by the standards of
intensive agmculture in the European Union
and United States. these levels exceed the
world average wd ey therefore be closer o
the stimulation factor for crop viekls acnss the
globe, Lower-than-expected yields under ele-
vated [C0,] are not just confined 1o grain
eops. For example, the major C, herbage
grass, Lolium perennc, abo showed a yield
increase of only 9% af two bocations; and af the
Towest [N (100 to 140 kg of N ha™ ), the vield
increase was an insignificant 1% (tahle 52y
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(25). Although the data here apply to a single

ches, L. perenne is one of the most i
and widely grown herbage grasses in the
Temperate zone.

Mo FACE experiment has been conducted
in the tropics, bt two factors emenging from
temperate sudics have particular implications
for tropical erops. First, the C0, fenilization
effect may be small without large additions of
M. Second, FACE experiments with the major
grain crops of sub-Saharan Africa, sorghum and
maize, have so far failed to show any yield in-
crease from clevated [C0,). Pany et al t?]
projected that yield losses in th

in chambers, and it was unclear whether simi-
lar losses would eccur under conditions of nor-
mal canopy/atmosphere coupling in the field.
Margan ef af, (34) used a FAUE system adapted
o elevate [0,] rather than [CO,] to examine
whether the decreases m yield for soybeans in
central Tlinods projected from chamber expen-
ments oecusred in the open air. A 23% increase
in |0,] from an average daytime ambient con-
centration of 56 o 69 pph over two growing
semsons decreased soybean yiehd by 20%. How
ihoes this compare with the expectations estah-
lished from chamber shudies? Based on a prar

ilation of chamber smdies (33), the ex-

o climate change could be 10 1o mwmx
but these would be ameliorted to only 2.5 to
3% when the CO, ferilization effect is added
(7). The FACE experiments sigpea that this
amelioration may be far bess than expected.

Rising surface ozone. Increassd combustion
of fuels will increase not only ammospherc
[€°03,] but also ammospheric nitrogen oxide con-
centrations, which, when coupled with climate
change, will result in a continued increase in
surface crone concentration ([0, ]). Many rural
aneas in the temperate zone of the Northem
Hemyisphere, as well as in the tropics, are forecast
10 see increases in [0 of ~ 202 by midcennusy
(81 Crrone is taxic to plants at concentrations s
low as My parts per bilion (pphh. Although
chamber stdies have shown large vield losses
owing o elevated [0y] (33}, these effects are
nat incoporated in cument projections of funure
yields (2, 8)

Unti] very recently, the only studies of the
effects of elevaged [(,] on crops were conducted

o fao

Daytime grum IGOpl lnuml

g_w =
% e
g a
g 12
§ ok b I
FACE 7 4 W G, FACE
5 , / imﬂ'-‘.u —_C,
2 :‘1 1* — yowan ncimen »f
£ I

1000

400 L B0
Daytime growth [CO;] (ppm)

Fig. 2. Effects of elevated [€0,] on crop yield. Data are yields at elevated [€0,] relative to those at

ambient [CO,] Carrow) for (A) soybeans in chambers

{selid blue circles) and FACE (blue square, hidden

behird red square} and wheat in chambers (red circles) and FACE {red square); and (B} C, crops {maize
and sorghum combined) in chambers (green circles) and FACE studies (green square). Error bars
indicate mean = 90% confidence intervals around the means for the FACE studies. The chamber studies
included 115 independent measures of soybeans (21), 211 of wheat (26), and 14 of maize and
sorghum (table S3). These measurns were divided imo 10 classes of growth [C0] in 100-ppm
increments. Plotted values are the class means of growth [C0,] and yield. Sclid lines are the least-

squares fits for the nonrectangular hyperbalic respense of yi
studies of

1o growth [CO,] from these enclosure

blue line, = 0.98), wheat (red line, * - 0.68), and €, crops (green line, & -

0.99), The yield respanse of soybeans in chambers to

growth [CO,] of 900 1o 999 ppm [open blue circle

in (Al] was an outlier and was excluded from the curve fitting. Fljldelaisafﬂ!mwlyusmdhnds
and results from FACE are presented in the SOM and table 52.

decrease was 8% I the effects of [C0,]
and |0, ] observed in FACE studics are additive,
then the net effect of simultaneous mcreases in
[0,] and [CO,). as forecast by the IPCC AR
scenasios, would be a 5% decremse in yield,
compared with the 23% incrense used o pa-
rameterize current models (Table 1). Chamber
studdies supgest that elevated [C0.] may provide
some protection aganst efevated [0,] and there-
fore the effects will not be additive, hut this has
vel to be verified for any crop under open-air
fiehd conditions.

What is needed? The CO, fertilization ef-
fects, derived from chamber experiments, cur-
rently used in crop medels forecast substantial
imereases in fitture crop production wnder con-
ditions. associated with climate change. The
FACE experiments, conducted in open fiekls,
are not without their limitations (26, 35), b nep-
resent our best simulations of the firure elevated
[C0,] environment. Our mets-analytic summary
of the FACE experiments indicates that there
will be a much smaller CO, fertilization effect
on yield than cumently assumed, and possibly
little of no simmbation for C, cmps.

The average yied increase a1 elevated €0,
for erops in FACE studies fell well short of the

Hilifa

A Biomass Yield

Fig. 3. Comparlsm of theoretical and actual
changes in €, crop production parameters at an
etnmdko of 550 ppm relative to ambient
[€0,]. Theory, thearetical RuBisC0-timited photo-
mmmssam[mmma e
sured daily integral of carbon uptake; biomass,
final above-ground blomass; yield, harvestable
grain yield, Emor bars indicate mean = 90%
confidente intervals, ', blomass, and yield were
measured in €, crops expased to elevated [€0,]
in FACE experiments {table 52,

3

2 8

8

% Incroase o elevated [CO,]
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theoretically possible increase based on the
well-defined properties of RuBECO (Fig. 31
At 25°C, an increase in [C0,] w0 550 ppm
should increase light-saturated photosyrthesis
by 36%. The averape increase observed for C,
c'mpsm FA('E,mml'mﬂvedmtylmgml

€O, uptake, 17% for total
Imm and jus ls% foe vield (Fig. 3} This
supgests that a senes of feedbacks operate in
the field to constrain realization of the potential
benefits of elevated [CO,]. Only with a
thorough gh-prioaty R&D effort might we
overcome these feedbacks and achieve the
potential gains in food supply,

The FACE experiments clearly show that
much lower CO, fertilization fctors should be
used in model projections of futre yields:
however, the present experiments are limited in
the range of growing conditions that they cover.
Scientists have not investigated the interactive
effects of smukanecus change in [CO], [O,],
temperature, and soil moisture. Technological
advances suggest that large-scale opensair
facilities 1o investignte these interactions over
contmolled gradients of variation ane now pos-
sible (26). Although we have projected results
to 2050, this may be too far in the futune to spuar
commercial R&ED, but it must not be seen as
oo distant to discourage R&D in the public
sector, griven the long lend times that may be
needed to avoid global food shomage.
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Continuously recerding Glabal Positioning System stations near the 28 March 2005 rupture of the
Sunda megathrust [mament magnitude (M) 8.7] show that the earthquake triggered aseismic

frictional afterslip on the subduction megathrust, with

a major fraction of this slip in the up-dip

direction from the main rupture. Eleven months after the main shock, aftersiip continues at rates
several times the average interseismic rate, resulting in deformation equivalent to at least a
M, 8.2 earthquake. In general, alang-strike variations in frictional behavior appear to persist over
multiple earthquake cycles. Aftershocks clister along the baundary between the region of coseismic
slip and the up-dip creeping zone. We observe that the cumulative number of aftershocks increases
linearly with pastseismic displacements; this finding suggests that the temparal evolution of

aftershocks is gaverned by aftersfip.
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Senator PETERS. Thank you, Mr. Chairman.

And then I also have—we have had some references by members
of the panel regarding Senator Whitehouse and some comments
that he had made. I would like to enter into the record as well a
speech that he made that should be entered into the record as to
refute some of the comments that were made by the panel.

Senator CRUZ. Without objection.

[The information referred to follows:]

TiME TO WAKE UP: THE PAUSE THAT WASN'T

Senate Floor Speech by Sen. Sheldon Whitehouse
Tuesday, September 29, 2015

Mr. President, I rise today for my 113th “Time to Wake Up” speech on climate
change. They say 13 is unlucky. I don’t know what 113 is, but I do know what cli-
mate change is. It is very real. We shouldn’t kid ourselves. And it is an urgent chal-
lenge for our country and our world. Our leading scientific organizations say so. Our
national security leaders say so. All of our National Laboratories say so. Major
American businesses say so. Religious leaders of all faiths say so. Pope Francis cer-
tainly said so last week. But the Senate is jammed by persistent, meretricious cli-
mate denial. The denial comes in many guises, but, like a compass, all the denial
points in the same direction: whatever helps the fossil fuel industry keep polluting.
That is the true north of climate denial—whatever helps the fossil fuel industry.
Look at the fossil fuel money pouring into the Republican Party and tell me this
is a coincidence.

We have Senators who deny that anything is happening, who say it is a hoax.
We have Senators who deny that we can solve this. We have Senators who deny
their faith in the American economy to win if we innovate. We have Senators who
simply shrug and say: I am not a scientist. A bunch of Senators say: Don’t even
worry about it; climate change has stopped. The junior Senator from Florida tells
us, “Despite 17 years of dramatic increases in carbon production by humans, surface
temperatures [on] the earth have stabilized.” The junior Senator from Texas pro-
claims that “satellite data demonstrate for the last seventeen years, there’s been
zero warming. None whatsoever.”

Let’s leave aside for a moment the cherry-picked data this conclusion is based on,
which leaves out the oceans, which cover a mere 70 percent of the Earth’s surface.
I will get back to oceans in a minute. But even this cherry-picked data needs a trick
to deny the long-term trend. Using their trick, you could convince yourself climate
change has stopped six times in the history of this increase from 1970. It is easy
to do. You pick a spot here and you pick a spot there, and in the variability you
make it a flat line and you say: There, you see a pause. The problem is that these
manufactured pauses keep climbing.

When this bogus climate pause idea was trotted out in an op-ed in the Providence
Journal, my home state paper, PolitiFact quickly determined that it uses “cherry-
picked numbers and leaves out important details that would give a very different
impression.”

When we look at the linear trend for this whole data set, from 1970 to 2013, no
one can deny that the Earth is warming. Research shows that climate change is
marching on. The past decade was warmer than the one before that, which was
warmer than the one before that. Seventeen of the 18 hottest years in the historical
record have occurred in the last 18 years. NOAA and NASA count 2014 as the hot-
test year on record, and so far 2015 is on track to be even hotter than 2014. Fluc-
tuations do not statistically alter the trend.

It is a disservice to the truth and to this Senate to suggest that this heralds the
end of climate change. As noted UC Berkeley physics professor Richard Muller put
it, “When walking up stairs in a tall building, it is a mistake to interpret a landing
as the end of the climb.”

Plus, for what reason would it have stopped? There is no basis for the pause. We
know why it is happening. Global warming is caused by carbon pollution. We have
known that science since Abraham Lincoln wore a top hat around this town. That
is not news. And our carbon pollution sure hasn’t stopped.

We just broke 400 parts per million of carbon in the atmosphere for the first time
in the history of the human species.

There is no intellectual basis behind the pause theory. These claims of a climate
change pause have been debunked. Just a couple of weeks ago, researchers from
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Stanford University published a study: “There is no hiatus in the increase in the
global mean temperature, no statistically significant difference in trends, no stalling
of the global mean temperature, and no change in year-to-year temperature in-
creases.” In other words, there is no pause.

A different study prepared for the U.S. Climate Variability and Predictability Pro-
gram reviewed this so-called pause data and said this: It “not only failed to estab-
lish a trend change with statistical significance, it failed by a wide margin. [Alny
argument that global warming stopped 18 or 20 years ago is just hogwash,” said
one of that report’s authors—just hogwash. When legitimate scientists and statisti-
cians examine the data for global mean temperature, they don’t find any so-called
pause.

This chart I have in the Chamber shows global average temperatures since the
late 1800s, which is about the time we began burning fossil fuels in the Industrial
Revolution. In yet another study out this month, researchers did a little test. They
showed this chart to 25 economists, but instead of temperature they told the econo-
mists that the chart showed world agricultural output. That stripped the data of
any political baggage of climate change. It made this a simple statistical question:
Does this chart show that the measured phenomenon—climate change, temperature,
world agricultural output—does this chart show whatever the measured phe-
nomenon is stopped in 1998? The economists looked, and they flat out rejected that
conclusion. What they agreed was that claiming the phenomenon had stopped would
be misleading and ill-informed.

So why did this pause theory appear that is a mistake, that is hogwash, that is
based on cherry-picked numbers all toward a conclusion that is misleading and ill-
informed? Why? Because the big carbon polluters and their allies in Congress don’t
want us to act. So we keep getting this mischief fed to us.

The enterprise that performs that evil task of feeding mischief into this debate
is perhaps the biggest and the most complex racket in American history. It is phony.
They cherry-pick a handful of statistically insignificant data points and tell us the
whole problem went away on its own. Then the real scientists take a look at it and
say that is bunk. But in the meantime, the polluter enterprise notched a public rela-
tions victory. It bought some time to keep polluting for free, and sadly it got some
of our colleagues to be party to it.

Telling the American people there is a pause in global warming may lull the gul-
lible to sleep, but it is phony, it is inaccurate, and it is wrong. It ignores the truth.
It ignores the science. Basically what it is, is cheesy fossil fuel PR dressed up in
a lab coat to look like science, just enough to fool people that little bit.

Now let’s turn back to the oceans—that 70 percent of the Earth’s surface the
other data left out. These data show the decades-long warming of the surface
oceans—1960 to 2010. No pause. Remember, the deniers conveniently left all this
data out when they cherry-picked their pause data—70 percent of the Earth’s sur-
face left out.

The first law of thermodynamics, conservation of energy, decrees that all of that
heat in the ocean had to come from somewhere. Research shows that greenhouse
gases trap excess heat in the atmosphere and that over 90 percent of that excess
heat went into the oceans, was absorbed by our oceans. People who insist that the
climate has not warmed in recent decades ignore this one little thing—the oceans,
which cover 70 percent of the surface of the Earth. The oceans don’t lie. This warm-
ing is changing the oceans and our fisheries. Water expands when it warms. That
is the law of thermal expansion—unless somebody wants to come and deny that.
The seas are rising across the globe. In Rhode Island, we measure it at the Newport
Naval Station tide gauge. Basically it is a glorified yardstick. It is not complicated.
There is no theory involved. It is a measurement. It says we are up nearly 10 inches
since the 1930s. That may be funny to landlocked States, but when there are 10
more inches of sea to be thrown against your shores by a big ocean storm, coastal
states take that stuff very seriously. NASA measures it around the world with sat-
ellites; it is not just the coastal stations that take these measures. NASA measures
from satellites. We measure the exploding acidity of the seas. The exploding acid-
ities of the sea are directly related to CO, absorption—unless people want to deny
chemistry. You can put CO, seawater in a high school lab and you can make the
pH change. That is what we are doing on a global scale, and we don’t get to repeal
laws of chemistry around here, no matter how powerful the special interests.

Last week, His Holiness Pope Francis called on us to work together to protect our
common home. He warned us in his recent encyclical: “Those who will have to suffer
the consequences of what we are trying to hide will not forget this failure of con-
science and responsibility.” But first we have to want to protect our common home.
If what we want to protect is the fossil fuel industry, at all costs, at any cost, we
need a priority adjustment.
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In our rotten, post-Citizens United, billionaire special interests politics, perhaps
the Pope would have had more effect if he had a super Pac, but it shouldn’t take
a super Pac for us to heed the Pope’s warning or to heed the science or to heed our
national security leaders or to heed everyone else who has lined up to try to wake
us up.

Pope Francis also said “to avert the most serious effects of the environmental de-
terioration caused by human activity,” now is the time for courageous actions and
strategies.

Today’s New York Times has this headline: “Many Conservative Republicans Be-
lieve Climate Change Is a Real Threat.” Once you get away from this building and
the pernicious influence of the fossil-fuel industry and its relentless money and
threats, it is not a question of ideology, it is a question of special interest influence,
and conservative Republicans increasingly understand that this is real. Eleven of
them just broke rank in the House.

It is time to come together in good faith to tackle this real and persistent threat—
the threat of climate change.

It is time for us to wake up.

I yield the floor.

Senator PETERS. Thank you very much. I yield back, Mr. Chair-
man.

Senator CRUZ. Thank you, Senator Peters.

I want to thank each of the witnesses for being here. Dr. Happer,
you wanted to briefly——

Dr. HAPPER. I just wanted to make one response about satellite
temperature measurements. They measure temperature the same
way as hospitals do today. Nobody sticks a thermometer in your
mouth anymore. They use a temporal scanner or they put some-
thing in your ear. And so they are measuring radiation in exactly
the same way the satellites do, except medical thermotheres use in-
frared radiation, not microwave radiation.

Senator CRUZ. Thank you, Dr. Happer. That is helpful.

This hearing was a hearing to discuss facts and evidence and
data rather than partisan dogma and ideology, and there are at
least seven facts that our witnesses have laid out here to which
there have been, I believe, no effective response.

Number one, that carbon dioxide, rather than being a pollutant,
is good for plant life.

Number two, that the Earth right now, today, is greening.

Number three, that for significant periods in history there has
been markedly more CO; in our atmosphere, and that was prior to
the Industrial Revolution. So it could not have come from the burn-
ing of fossil fuels.

Number four, that for the last 18 years the satellite data and the
weather balloon data both demonstrate no significant warming
whatsoever. That fact in particular not a single Democratic Senator
had an effective response to.

Number five, that the satellite data and the weather balloon data
are the best evidence we have of whether warming is occurring,
and that evidence, the actual data, demonstrate that it is not.

Number six, that the seas were rising more in the first half of
the 20th century prior to the significant increase in carbon dioxide
emissions than they are now.

And number eight, that the computer models, the apocalyptic
computer models that are telling us we need to raise every hard-
working American’s electric bills, gas bills, cost of living, we need
to make it harder for single moms, for immigrants, for African
Americans, for Hispanics, for hard-working men and women, we
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need to make it harder for them to make a living and make ends
meet, the computer models are profoundly wrong. Not a little bit
wrong, but profoundly inconsistent with the data and the evidence.

None of these eight facts tend to make it through the media gate-
keepers that instead enforce, like the Inquisition, a discipline on
the heretics that would dare stand in the way of their political ide-
ology of imposing trillions of dollars of cost on people who are
struggling.

Policy should be driven by facts, and as John Adams said, “Facts
are stubborn things.”

In addition to the number of things entered in the record, I have
got a series of newspaper articles describing the persecution of so-
called climate deniers that without objection are going to be en-
tered into the record.

[The information referred to follows:]

SHOULD CLIMATE CHANGE DENIERS BE PROSECUTED?

By Walter Olson On 10/1/15 at 5:17PM

e = : o =
Around 400 demonstrators participated in a protest over climate change denialby burying
their heads in the sand at Sydney’s Bondi Beach November 13, 2014, ahead of a G20 summit
in Brisbane. Half-truths and the selective use of data are the common currency of political de-
bate over climate change, the author writes.

David Gray/Reuters

In June, I took note of Senator Sheldon Whitehouse’s (D-R.1.) op-ed "urg[ing] the
U.S. Department of Justice to consider filing a racketeering suit against the oil and
coal industries for having promoted wrongful thinking on climate change, with the
actlilvities of ’conservative policy’ groups an apparent target of the investigation as
well.”

I pointed out that this was a significant step toward criminalizing policy dif-
ferences and using litigation and government enforcement to punish opponents in
public debate, and meshed with an existing fishing-expedition investigation of cli-
mate-skeptic scholarship by Whitehouse and other Democrats on Capitol Hill.

Others had already gone farther than the senator himself, calling for making “cli-
mate denial” a “crime against humanity,” holding public trials of fossil fuel execu-



167

tives for having resisted the truth and so forth. (Gawker: “arrest climate change
deniers.”)

And I noted a recurring argument-"we did it to the tobacco companies, so there’s
no reason we can’t do it here too”-that tended to confirm my fears that the Federal
government set a dangerous precedent back then when it "took the stance that pro-
tobacco advocacy could amount to a legal offense.”

Now there are further signs that a concerted campaign is under way. “Letter to
President Obama: Investigate Deniers Under RICO” is the headline over a letter
from 20 scientists, most at respected institutions, endorsing the Whitehouse idea
and calling for the Federal government to launch a probe under the racketeering
(RICO) law. The letter was soon being widely promoted around the Web, even at
BoingBoing, often regarded as a pro-free-speech outlet.

It is not clear that all the scientists who signed the letter have thought carefully
about the tension between what they are asking and the continuing freedom to pur-
sue lines of inquiry in public debate that the government may find unwelcome or
unreasonable. "I have no idea how it affects the First Amendment,” says one
}l/'ermont scientist who backs the probe, quoted by Bruce Parker of Vermont Watch-

og.

In a companion piece, Parker interviewed me about the constitutional implications
of this extremely bad idea. (I should note that when I discuss RICO in the interview
transcript, I'm referring to the civil-litigation side of the law, so-called civilRICO,
which seems to be the part of the law the advocates hope to use.)

It is remarkable how many advocates of this scheme seem to imagine that the
First Amendment protects only truthful speech and thus (they think) has no appli-
cation here because climate skepticism is false.

That’s not the way it works. As Cato and many others (compare ACLU of Ohio)
argued at various stages in the case of Susan B. Anthony List v. Driehaus, which
reached the Supreme Court on a different issue last year, controversial speech need
not be true to be protected. In practice an ”only truth has rights” approach chills
advocacy generally and gives the state (or sometimes private litigants and complain-
ants) a dangerous power to stifle advocacy in debates that it considers settled.

It is certainly strange to see many supporters of the Whitehouse approach suggest
that the speech they dislike is actionable because they find in it half-truths, selec-
tively marshaled data, scientific studies that spring from agendas, arguments whose
ultimate sincerity is open to question, evasion of telling points made by the other
side and so forth. Those are the common currency of everyday debate in Washington
(and not just in Washington).

Nothing could be more common than to find both sides in an argument using
these argumentative techniques. Hawks and doves do it; so do protectionists and
free traders, and labor interests and business interests. The same techniques are
also accepted as standard currency within the adversary process itself, in which the
law takes such pride, which makes it particularly absurd to propose defining it as
unlawful racketeering to (quoting one paraphrase) ”use dubious information to ad-
vance a cause.” The interview, again, is here.

Walter Olson is a senior fellow at the Cato Institute’s Center for Constitutional Stud-
ies.

The Climate Fix

VARIOUS MUSINGS ON CLIMATE SCIENCE AND POLICY

by Roger Pielke Jr

I AM UNDER “INVESTIGATION”
FEBRUARY 25, 2015—ROGERPIELKEJR

As some of you will already know, I am one of 7 U.S. academics being investigated
by U.S. Representative Raul Grijalva (D-AZ) who is the ranking member of the
House of Representatives Committee on Environment and Natural Resources. Rep.
Grijalva has sent a letter to the president of my university requesting a range of
information, including my correspondence, the letter is here in PDF (http:/ [demo-
crats.naturalresources.house.gov / sites | democrats.naturalresources.house.gov / files |
Roger percent20Pielke percent2C percent20Colorado.pdf).

Before continuing, let me make one point abundantly clear: I have no funding, de-
clared or undeclared, with any fossil fuel company or interest. I never have. Rep-
resentative Grijalva knows this too, because when I have testified before the U.S.
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Congress, I have disclosed my funding and possible conflicts of interest. So I know
with complete certainty that this investigation is a politically-motivated “witch
hunt” designed to intimidate me (and others) and to smear my name.

For instance, the Congressman and his staff, along with compliant journalists, are
busy characterizing me in public as a “climate skeptic” opposed to action on climate
change. This of course is a lie. I have written a book calling for a carbon tax (http:/ /
rogerpielkejr.blogspot.com /2010/04 [ climate-fix.html), 1 have publicly supported
President Obama’s proposed EPA carbon regulations (http:/ /rogerpielkejr.blogspot
.com /2014 /06 | some-perspective-on-us-epa-carbon.html), and 1 have just published
another book strongly defending the scientific assessment of the IPCC with respect
to disasters and climate change (http://www.amazon.com [The-Rightful-Place-
Science-Disasters [dp /0692297510 /ref=sr 1 11%ie=UTF8&qid=1412174550& sr=8—
11&keywords=pielke). All of this is public record, so the smears against me must
be an intentional effort to delegitimize my academic research.

What am I accused of that prompts being investigated? Here is my crime:

Prof. Roger Pielke, Jr., at CU’s Center for Science and Technology Policy Re-
search has testified numerous times before the U.S. Congress on climate change
and its economic impacts. His 2013 Senate testimony featured the claim, often
repeated, that it is “incorrect to associate the increasing costs of disasters with
the emission of greenhouse gases.”

The letter goes on to note that John Holdren, President Obama’s science advisor,
“has highlighted what he believes were serious misstatements by Prof. Pielke.” (For
background on this see here (hittp:/ /www.newrepublic.com /article /116887 | does-cli-
mate-change-cause-extreme-weather-i-said-no-and-was-attacked) and her (http://rog
erpielkejr.blogspot.de /2014 /03 [ john-holdrens-epic-fail.html)e.) My 2013 testimony to
the Senate is here (http://sciencepolicy.colorado.edu [ publications/special /senate
 testimony2013.html) and House is here in pdf (hitp:/ /sciencepolicy.colorado.edu /
admin /publication  files/2013.38.pdf) (Q&A following hearing here (http://
rogerpielkejr.blogspot.com /2014 /01 | questions-from-congress-part-1.html) and here
(http:/ | rogerpielkejr.blogspot.com /2014 /01 / questions-from-congress-part-2.html)).
The testimony was the basis for my recent book on Disasters & Climate Change
(http:| | www.amazon.com | The-Rightful-Place-Science-Disasters /dp | 0692297510/ ).

Congressman Grijalva doesn’t have any evidence of any wrongdoing on my part,
either ethical or legal, because there is none. He simply disagrees with the sub-
stance of my testimony—which is based on peer-reviewed research funded by the
U.S. taxpayer, and which also happens to be the consensus of the IPCC (despite
Holdren’s incorrect views).

Adam Sarvana, communications director for Natural Resources Committee’s
Democratic delegation, reinforced the politically-motivated nature of the investiga-
tion in an interview (http://www.al.com /news/huntsville/index.ssf/2015/02/ari-
zona_congressman__asking que.html):

“The way we chose the list of recipients is who has published widely, who has
testified in Congress before, who seems to have the most impact on policy in
the scientific community”

Let’s see—widely published, engaged with Congress, policy impact—these are sup-
posed to be virtues of the modern academic researcher, right? (Here in PDF (http://
sciencepolicy.colorado.edu [ admin [ publication files/ 2013.32. pdf) is my view on the
importance of testifying before Congress when asked. I still think it is important.)

I am pleased that some colleagues with whom I have had professional disagree-
ments with in the past have condemned the investigation via Twitter, among them
Eric Steig (of Real Climate), Bob Ward (LSE) and Simon Donner (UBC). This shows
some real class. In contrast, Michael E. Mann, who I defended when a Virginia poli-
tician came after him (http:/ /rogerpielkejr.blogspot.com /2010/07 | cuccinellis-fish-
ing-expedition.html), used the “investigation” as a chance to lob childish insults my
way via Twitter. Some things you can always count on in the climate arena!

So far, I have been contacted by only 2 reporters at relatively small media outlets.
I’d say that the lack of interest in a politician coming after academics is surprising,
but to be honest, pretty much nothing surprises me in the climate debate anymore.
Even so, there is simply no excuse for any reporter to repeat incorrect claims made
about me, given how easy I am to find and just ask.

The incessant attacks and smears are effective, no doubt, I have already shifted
all of my academic work away from climate issues. I am simply not initiating any
new research or papers on the topic and I have ring-fenced my slowly diminishing
blogging on the subject. I am a full professor with tenure, so no one need worry
about me—T’ll be just fine as there are plenty of interesting, research-able policy
issues to occupy my time. But I can’t imagine the message being sent to younger
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scientists. Actually, I can: “when people are producing work in line with the scientific
consensus there’s no reason to go on a witch hunt (http:/ /www.wired.com /2015/02/
anti-gmo-activist-seeks-expose-e-mails-food-scientists /).”

When “witch hunts” are deemed legitimate in the context of popular causes, we
will have fully turned science into just another arena for the exercise of power poli-
tics. The result is a big loss for both science and politics.

247208 Cliemate change deniers in Congress

Climate change deniers in Congress
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Don't miss stories. Follow Raw Story!
The campaign group formed to support Barack Obama's political agenda has launched an initiative to
shame members of Congress who deny the science behind climate change.

In an email to supporters on Thursday, Organizing for Action said it was time to call out members of
Congress who deny the existence of climate change, saying they had blocked efforts to avoid its most
catastrophic consequences.

The email linked to a video mocking Republicans who reject the science on climate change. “Right now,
way too many lawmakers in Washington flat-out refuse to face the facts when it comes to climate
change,” Jon Carson, executive director of Organizing for Action wrote in the email. "We're never going
to make real progress on this issue unless members of Congress get serious.”

The video mainly features Republican members of the House of Representatives who are notorious for
denying the existence of climate change, or positing bizarre notions about its causes.

ADVERTISING

However, it also includes some national figures such as the Florida senator Marc Rubio and House
speaker John Boehner, whose views on climate are not that broadly known, There are no Democrats in
the video.

The video was the first foray into climate politics by Organizing for Action, the group which emerged out
of Obama's re-election campaign to promote his second-term legislative agenda.

Until Thursday, the group had focused on gun control, immigration and the budget. Climate change did
not even rate its own heading on the OFA website. But Thursday’s video and an accompanying petition
campaign suggest that Obama’s allies have now decided that climate change is a mainline political
issue.

Obama singled out climate change as one of his priorities at his inauguration and during his first state of
the union address.

[ rawslony comi201 rend-target-cl Frivita o "
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Since then, however, Obama has failed to offer bold policy proposals to match the sweeping speeches.
Last week the New Yorker speculated that Obama may have given up on climate action entirely.

Envil tal groups in V ington say that is not at all the case, but admit that other issues have
taken precedence in the first months of his second term.

The appearance of the video was seen by some as a sign that Obama's allies are now ready for a broad
grassroots fight on climate politics. A number of envire tal org.
grassroots efforts — most notably 350.org's campaign against the Keystone XL pipeline and Al Gore's
Climate Reality Project — but the OFA move represented a new mainstreaming of climate politics.

ions have tried similar

“What is interesting to me is that it shows that climate is finally becoming a first tier political issue,” said
Paul Bledsoe, a political Itant who was Presi Clinton’s climate advisor. “Every other issue in the
first tier always has this kind of grassrools activism behind it, whether it's the health care bill or
immigration.”

But it will be an uphill battle. As the video points out, 240 Republican members of the house signed on to
a measure describing climate change as a hoax.

Since Obama was first elected, opposition to climate action has become a core tenet of conservative

and Republican party politics. Some Republi deny any change in the climate, some dispute the
burning of fossil fuels is warming the atmosphere. Others accept climate science but oppose broad
economy-wide to avoid cat: phic climate change.

The video does not bother with those distinctions. However, there is broad cohesion among
conservatives in their opposition to climate action — and that will make Obama's course all the more
difficult.

i rawsiony com /201 igrs-naxt-tar get-chimate-ch PP
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Watchdog.org

DEMOCRAT-LED WITCH HUNT INTO ‘CLIMATE CHANGE DENIERS’ PICKS UP FORCE
Posted By M.D. Kittle On February 27, 2015

In the left’s latest assault on the First Amendment, three Democrats on the Sen-
ate’s Committee on Environment and Public Works!1 have sent out 100 letters to
free-market think tanks and energy companies asking them to turn over funding
records related to any research they’ve conducted on climate change.

In short, U.S. Sens. Ed Markey!2l, D-Massachusetts, Barbara Boxer,[3 D-Cali-
fornia, and Sheldon Whitehouse,[4 D-Rhode Island, apostles in President Barack
Obama’s climate change war, are on another political witch hunt demanding donor
information and other records that are protected under the Constitution.

First Amendment defenders rallied to the side of the targeted groups, asserting
the Democrats had overreached in setting up their enemies list, another thinly
veiled quest in taxpayer-funded political opposition research.

(81 GIVE IT TO ME: Skeptical of climate change? U.S. Sen. Barbara Boxer, D-Cali-
fornia, wants to know why. She’s asking free-market think tanks to turn over donor
information.

“These folks have been trying to open the vaults of donor lists from all of our or-
ganizations over time. They have not been successful,and they are not going to be
successful,” said Kory Swanson, president of the John Locke Foundation !¢, a North
Carolina-based free-market think tank.

The organization received a letter[” from the senators requesting information
about “payments made . . . in support of scientific research and scientists, as well
as support for other efforts related to climate change, if such payments have been
made.”

As members of the Senate committee, the lawmakers claim they are interested
in understanding how the organizations have ”"undertaken such efforts and the de-
gree to which these efforts have been publicly disclosed . . .”

Their sudden interest arises following a piece in the New York Times that attacks,
or by some accounts, “smears,” Wei-Hock “Willie” Soon, an outspoken critic of man-
made climate change.

The piece, headlined “Deeper Ties to Corporate cash for Doubtful Climate Re-
searcher,”8 uses documents obtained by Greenpeace showing that Soon received
more than $1 million from ExxonMobil, Southern Company and others in his work
tracking the flaws in climate change research.
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The story was picked up by the "growing mega industry of climate-alarmist blogs
and organizations that receive billions of dollars from government agencies, tax-ex-
empt foundations, and major corporations,” according to the New American.!®]

“Following the typical smear pattern, many of the stories attempt to tar Dr. Soon
with the ’denier’ label a vicious assault aimed at equating (man-made climate
change) skepticism with Nazi Holocaust denial,” the publication states.

Soon did not disclose his fundi.ng in his peer-reviewed study.

The senators are going after anyone who would dare contest the science behind
the climate change narrative.

They want it all, and they want it now.

In their letter,[7] the senators demand the past 10 years of information from the
organizations, including:

“Lists of funded research efforts (including but not limited to grants, fellow-
ships, scholarships, consulting contracts, contracts, honoraria, and speaking
events) on or related to climate, climate change, global warming, environmental
issues, air quality, atmospherlc or oceanic topics, greenhouse gas em1ssmns as-
sociated impacts of greenhouse gas in missions, carbon dioxide .

For each payment made to individuals or organizations associated with the fund-
ed research efforts, the senators seek:

Name of the recipient
Institutional affiliation
Payment and duration of the term of the funded research effort

L]
°
L]
e Reason for the payment

Majority members of the Senate committee reportedly were sending out letters
Friday advising the target groups that they do not have to comply with the senators’
unconstitutional requests. Anonymous donations still are protected under the First
Amendment.

First Amendment expert Hans von Spakovsky called the senators! actions “out-
rageous.”

“This is clearly an attempt to intimidate anyone who has a different opinion on
the issue than theirs,” said von Spakovsky, a former commissioner on the Federal
Election Commission and senior legal fellow in The Heritage Foundation’s[10 Edwin
Meese III Center for Legal and Judicial Studies. “This is an abuse of power. Maybe
these senators don’t understand or don’t care about the fundamental First Amend-
ment rights of Americans and their membership organizations.”

The demand for donor information von Spakovsky said, is no different than what
the state of Alabama did to the NAACP in the 19sos. n this case, the result could
be freezing out political speech by shutting down potential donor contributions.

“What these 100 organizations need to do is to get together and what they ought
to do is send one letter signed onto by every single organization that says, ‘We're
not providing you with this information and your attempt to get it is unconscion-
able,’” he said. “There is strength in numbers and they ought to stand for and push
forward the principle that the government is not entitled to this information be-
cause it is a violation of their First Amendment rights.”

Swanson said he is not overly concerned by the senators’ political grandstanding
now that he has been informed he does not have to turn over the targeted informa-
tion. The think tank president said many donors do not want their identities re-
leased because of government-led reprisals for their beliefs.

“We will proceed on with our work and not get distracted by this,” Swanson said.

Article printed from Watchdog.org: http:/ /watchdog.org

URL to article: http://watchdog.org /203041 /climate-change-senate-first-amend
ment /
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[1] Committee on Environment and Public Works: Attp:/ /www.epw.senate.gov / pu
blic/ ?2CFID=130001363& CFTOKEN=17633631

[2] Ed Markey: http:/ /www.markey.senate.gov /

[3] Barbara Boxer,: http:/ | www.boxer.senate.gov /

[4] Sheldon Whitehouse,: http:/ /www.whitehou se.senate.gov [ contact/

[5] Image: hittp:/ /watchdog.org /wp-content /blogs.dir/l/files/2015/02/ Barbara

Boxer.jpg
[6] John Locke Foundation: http:/ /www.john locke.org /about/
[7] letter: http:/ [www.markey.senate.gov [ news | press-releases | markey-boxer

whitehouse-query-fossil-fuel-companies-climate-denial-organizations-on-science fund-
ing



173

[8] “Deeper Ties to Corporate Cash for Doubtful Climate Researcher,”: hitp://

www.nytimes.com [2015/02 /22 | us | ties-to-corporate-cash-for-climate-
changeresearcher-Wei-Hock-Soon.html? r=0

[9] New American.: Ahttp://www.thenewamerican.com/tech /environment/item/

20191-nytimes-greenpeace-smear-warming-skeptic-dr-soon
[10] The Heritage Foundation’s: http://www.heritage.org/about/staff/v/hans-
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ARG Steyer Targets GOP 'Climale Doriors’
Steyer Targets GOP 'Climate Deniers'

With polls showing that less than half of Americans believe
climate change is primarily manmade, the costly attack could be a
tough sell.

Tom Steyer, who spent more than $70 million through his super PAC NextGen Climate on the
2014 elections, will spend heavily in 2016 as well, the group announced Monday.

April 6, 2015, at 5:49 p.m. + More
Tom Steyer plans to put Republican presidential candidates in the “hot seat.”

Declaring 2016 a “crossroads election,” the billionaire megadonor's super PAC, NextGen Climate,
announced an aggressive campaign Monday targeting conservative contenders who deny the existence
of manmade global warming.

While many Republicans in Congress acknowledge the climate is changing, few agree it is being caused
by human activity, a fact overwhelmingly supported by science across the globe but which has yet to
take hold in the minds of millions of American voters,

it sraws syor-tar gets-gop-climate- dsriers-for-2016-campaigr 118
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2016 Stayer Targats GOP 'Climate Deniers’

Ted Cruz's Rollout Breaks the Rules, Scores a Quick Million

“Whoever is the next president will really represent, in our view, the last best shot to prevent a climate
disaster for our children,” NextGen chief strategist Chris Lehane said in a conference call with reporters
Monday.

Each of the dozen or so hopefuls believed to be considering a GOP run for president has openly
questioned anthropogenic global warming. One of them, Texas Sen. Ted Cruz. last month likened those
who believe in manmade global warming to “flat-earthers.”

That kind of rhetoric “raises basic competency questions” and also may reflect the influence of big
donors over public interest, Lehane said — even as his own organization prepares to invest huge sums
in the 2016 election cycle.

To that end, NextGen's effort will, in part, highlight — and in a way mirror — GOP hopefuls’ ties to
Charles and David Koch, The billionaire industrialists have spent hundreds of millions of dollars
bankroliing libertarian super PACs such as Americans for Prosperity to defeat Democratic politicians and
environmental regulation. This election cycle, the brothers plan to spend as much as $889 million,
Politico reported in January.

“Spring training is over, the regular season has begun, and i's time to engage,” Lehane said, going on
to mix his baseball and March Madness metaphors. “Given the views that we're already seeing coming
out of the mouths of these Republican presidential candidates, our cimate madness is in full swing."

Steyer spent more than $70 million in the 2014 midterm elections cycle to defeat Republican candidates.
Of the seven Senate and gubernatorial candidates NextGen supported, however, only three went on to
win their elections.

League of Conservation Voters Spends Big in Colorado Senate Race

“It's hard to look at 2014 and say that kind of an ir 1t campaign plished very much,” says
Barry Rabe, a professor at the Gerald R. Ford School of Public Policy at the University of Michigan. “The
track record is not that you get a lot of bang for that investment.”

Nonetheless, Lehane said, Steyer will "spend what it takes” in the 2016 cycle. He declined to state how

USnews i tom- sty climabe-deriers-for-2015 "
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much that might be.

The goal, he continued, is to "deploy climate as a wedge issue,” largely through “disruptive activities™ to
force candidates “to respond, react and engage” - such as by toting a polygraph machine to Kentucky

Sen. Rand Paul's expected announcement | hing his presi ial campaign Tuesday — plus paid
television ads, a “state of the art social media effort” and a so-called Hot Seat campaign to shine “a
spotiight on the nexus b Koch and i il

That approach, Rabe says, could produce the kind of “gotcha moments and foot-in-mouth opportunities”
that ch terize primary ign season — and which occasionally inflict lasting damage through the
general election — but just how effective the overall advocacy campaign may prove remains an open
question.

Bernie Sanders: The Billionaires May Just Win

“If the focus is on trying to influence either the outcome of the Republican nominating process or
damage the potential candidate, to do that before the nomination process may not accomplish very
much,” Rabe says. “If you're replacing Ted Cruz with Marco Rubio on climate, have you moved the
needle very much? And are we likely to see any of the top candidates really saying anything much
different from one another on climate change?"

Results of recent polls also offer little incentive for 2016 candidates — and Republicans in particular —
to give climate change top billing. While nearly two-thirds of Americans agree global warming is
occurring, fewer than half say it is primarily a result of human activity, according to the Yale Project on
Climate Change Communication. Even in left-leaning states such as California and Massachusetts, only
55 and 52 percent of voters, respectively, believe greenhouse gas emissions are mostly to blame for
driving climate change,

“Climate change and environmental issues more broadly have generally not been top-level issues in
presidential politics,” says David Konisky, a professor of public policy at Georgetown University, “They
tend to be driven by the economy, foreign affairs if we're in the midst of a war or the context of terrorism,
health care. Those types of things tend to be the issues that carry most of the day.”

W
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The Daily Caller http:/ [ dailycaller.com

SCIENTISTS ASK OBAMA TO PROSECUTE GLOBAL WARMING SKEPTICS
Posted By Michael Bastasch On 4:39 PM 09/17/2015 In/No Comments

The science on global warming is settled, so settled that 20 climate scientists are
asking President Barack Obama to prosecute people who disagree with them on the
science behind manmade global warming.

Scientists from several universities and research centers even asked Obama to use
the Racketeer Influenced and Corrupt Organizations Act (RICO) to prosecute groups
that “have knowingly deceived the American people about the risks of climate
change, as a means to forestall America’s response to climate change.”

RICO was a law designed to take down organized crime syndicates, but scientists
now want it to be used against scientists, activists and organizations that voice their
disagreement with the so called “consensus” on global warming. The scientists re-
peated claims made by environmentalists that groups, especially those with ties to
fossil fuels, have engaged in a misinformation campaign to confuse the public on
global warming.

“The actions of these organizations have been extensively documented in peer re-
viewed academic research and in recent books,” the scientists wrote.

But these riled up academics aren’t the first to suggest using RICO to go after
global warming skeptics. The idea was first put forward by Rhode Island Sen. Shel-
don Whitehouse, who argued using RICO was effective at taking down the tobacco

industry.
“In 1999, the Justice Department filed a civil RICO lawsuit against the major to-
bacco companies . . . alleging that the companies ‘engaged in and executed—and

continue to engage in and execute—a massive 50year scheme to defraud the public,
including consumers of cigarettes, in violation of RICO,” Whitehouse wrote in the
Washington Post in May.

“We strongly endorse Senator Whitehouse’s call for a RICO investigation,” the sci-
entists wrote to Obama. “The methods of these organizations are quite similar to
those used earlier by the tobacco industry. A RICO investigation (1999 to 2006)
played an important role in stopping the tobacco industry from continuing to deceive
the American people about the dangers of smoking.”

“If corporations in the fossil fuel industry and their supporters are guilty of the
misdeeds that have been documented in books and journal articles, it is imperative
that these misdeeds be stopped as soon as possible so that America and the world
can get on with the critically important business of finding effective ways to resta-
bgézed the Earth’s climate, before even more lasting damage is done,” the scientists
added.

This year has been a trying one for global warming skeptics. Earlier this year,
Democratic lawmakers began an investigation into scientists who disagreed with the
White House’s stance on global warming. Many of these skeptical scientists were
often cited by those critical of regulations to curb greenhouse gas emissions.

Arizona Democratic Rep. Raul Grijalva went after universities employing these re-
searchers, which resulted in one expert being forced to get out of the field of climate
research altogether.

“I am simply not initiating any new research or papers on the topic and I have
ringfenced my slowly diminishing blogging on the subject,” Dr. Roger Pielke Jr. of
the University of Colorado wrote on his blog.

“Congressman Grijalva doesn’t have any evidence of any wrongdoing on my part,
either ethical or legal, because there is none,” Pielke wrote. “He simply disagrees
with the substance of my testimony—which is based on peerreviewed research fund-
ed by the U.S. taxpayer, and which also happens to be the consensus of the IPCC
(despite Holdren’s incorrect views).”
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Washington Examiner

EPA CHIEF SAYS CLIMATE CHANGE DENIERS NOT ‘NORMAL’
By John Siciliano » 6/23/15 7:26 PM

The head of the Environmental Protection Agency appeared to hurl barbs at Con-
gress on Tuesday, referring to an unnamed group of climate change “deniers” who
aren’t “normal” and who won’t “carry the day” in a democracy.

EPA Administrator Gina McCarthy made the comments while addressing a cli-
mate change summit at the White House Tuesday to frame the effects of global
warming on public health.

McCarthy said a report her agency released Monday makes the case for taking
action against climate change by calculating the price Americans will pay for not
taking action, including the thousands of lives lost due to global warming and the
impact felt on the economy.

She said the EPA put out the report “not to push back against climate deniers,”
but to help “normal people” make a decision about the kind of world they and their
children want to live in.

“I've batted my head against the wall too many times” trying to convince climate
change deniers that global warming is occurring, she said. “You can have fun doing
that if you want,” but “if the science hasn’t already changed their mind then it
never will.”

She said she is convinced that the climate deniers will not win in the campaign
to address global warming. “In a normal democracy, it is not them that carries the
day,” McCarthy said. “It is normal human beings that haven’t put their stake into
politics above science.”

“It’s1 1normal human beings that want us to do the right thing,” she added. “And
we will.”

Her comments were being made around the same time Republican Sen. Shelley
Moore Capito of West Virginia was holding a hearing on the harm the EPA’s Clean
Power Plan poses to energy producer states and small businesses. The EPA plan
is the centerpiece of President Obama’s plan to address climate change by curbing
emissions from existing power plants.

“We are going to get our Clean Power Plan out. It is going to happen,” McCarthy
told those attending the summit, which included a broad range of public health ad-
vocates and environmentalists.

The climate summit follows another last week to announce $4 billion in private
investment to develop renewable energy and other low mission technologies. Observ-
ers say the summits are being used to push the issue of climate change ahead of
the Clean Power Plan being issued in August.

Yet at the same time, the House is preparing to pass legislation as soon as
Wednesday that would delay implementation of the plan. The House measure would
give states the ability to opt out of the rules, while allowing them to forego compli-
ance until judicial review has concluded.

In the Senate, Capito said that companion legislation she introduced in May con-
tinues to gain strength. Capito said she is “proud to have more than 30 cosponsors,”
including Majority Leader Mitch McConnell, R-Ky., and Energy and Public Works
Committee Chairman James Inhofe, R-Okla.
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The Daily Caller http:/ [ dailycaller.com

ANOTHER GLOBAL WARMING SKEPTIC GETS SUSPENDED FROM TWITTER
Posted By Michael Bastasch On 2:14 PM 04/02/2015 In/No Comments

For the second time within two weeks, another global warming skeptic blogger
has had his Twitter account suspended, this time repeating profanity used by a
NASA climate scientist—and no the scientist did not get his account suspended.

On April 1st, Twitter locked the account of science blogger Tom Nelson, who runs
the blog the “Hockey Schtick.” Twitter told Nelson to delete a tweet that contained
the word—are you ready for it?—“crap” or else his account would not be unlocked.
Nelson then posted the “Delete Tweet” screen to his blog, after which Twitter
prorélp(‘;ly suspended his account. As of April 2nd, Nelson’s account was still sus-
pended.

Interestingly enough, Nelson was simply repeating a word used by NASA climate
scientist Gavin Schmidt who tweeted at Nelson that [graph] is crap as I've fre-
quently pointed out. The temperature is hand drawn. Not even you can take it seri-
ously, surely?”

Nelson tweeted back on March 22nd “is this graph crap too?” About a week and
a half later, Twitter locked his account and the suspended it. But Gavin Schmidt’s
account has not been suspended—which has raised the ire of other global warming
skeptics and conservative pundits on Twitter.

“If calling a graph ‘crap’ is grounds for suspension, why isn’t @ClimateofGavin
suspended?” Nelson asked on his blog.

.@ClimateOfGavin You wouldn’t happen to know why @twitter “suspended” an-
other climate dissident, Tom Nelson @tan123? #BigClimateEnforcers?

—Mark Steyn (@MarkSteynOnline) April 1, 2015

Nelson’s suspension comes within two weeks of Twitter suspending global warm-
ing skeptic Steven Goddard, a noted blogger who has been labelled as a “denier”
by environmentalists.

Goddard, a pseudonym he blogs under, was suspended for violating Twitter’s
rules. goddard had been previously warned by Twitter of that other users had ac-
cused him of “nonviolent threats” and “abusive behavior.” Goddard denied these ac-
cusations.

“I have never violated any Twitter rules, and Twitter has failed to respond to my
requests to provide any details,” Goddard said.

Both Goddard and Nelson have been highly critical of views human activity is
causing the planet to warm at an alarming rate. InsideClimate News even featured
Goddard on its “Who’s Who List of Climate Denialists”—list put together by environ-
mentalists of global warming “deniers” targeted by e-mail hackers.

But Twitter’s actions against the bloggers seem to come from complaints by other
Twitter users. Indeed, Nelson’s account was locked about a week and a half after
he used the word “crap” in a tweet. Some in the skeptic community have suggested
climate scientists and environmental activists are complaining to get skeptic’s ac-
count suspended.

Indeed, Penn State University climate scientist Michael Mann has threatened
“trolls” with being reported and blocked if they interrupted an #AskDrMann session
on Twitter.

But Twitter doesn’t disclose such information. So any accusations of who is behind
getting skeptics’ account suspended is speculative at this moment.
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Senator CRUZ. I am also going to enter into the record the op-
ed that Senator Whitehouse wrote calling for RICO criminal pros-
ecution of anyone who dares stand in the way of the political ide-
ology that hurts working men and women.

[The information referred to follows:]

The Washington Post—Opinions

“THE FOSSIL-FUEL INDUSTRY’S CAMPAIGN TO MISLEAD THE AMERICAN PEOPLE”
By Sheldon Whitehouse May 29, 2015

Sheldon Whitehouse, a Democrat, represents Rhode Island in the Senate.

Fossil fuel companies and their allies are funding a massive and sophisticated
campaign to mislead the American people about the environmental harm caused by
carbon pollution.

Their activities are often compared to those of Big Tobacco denying the health
dangers of smoking. Big Tobacco’s denial scheme was ultimately found by a Federal
judge to have amounted to a racketeering enterprise.

The Big Tobacco playbook looked something like this: (1) pay scientists to produce
studies defending your product; (2) develop an intricate web of PR experts and front
groups to spread doubt about the real science; (3) relentlessly attack your oppo-
nents.

Thankfully, the government had a playbook, too: the Racketeer Influenced and
Corrupt Organizations Act, or RICO. In 1999, the Justice Department filed a civil
RICO lawsuit against the major tobacco companies and their associated industry
groups, alleging that the companies “engaged in and executed—and continue to en-
gage in and execute—a massive 50-year scheme to defraud the public, including con-
sumers of cigarettes, in violation of RICO.”

Tobacco spent millions of dollars and years of litigation fighting the government.
But finally, through the discovery process, government lawyers were able to peel
back the layers of deceit and denial and see what the tobacco companies really knew
all along about cigarettes.

In 2006, Judge Gladys Kessler of the U.S. District Court for the District of Colum-
bia decided that the tobacco companies’ fraudulent campaign amounted to a racket-
eering enterprise. According to the court: “Defendants coordinated significant as-
pects of their public relations, scientific, legal, and marketing activity in furtherance
of a shared objective—to . . . maximize industry profits by preserving and expand-
ing the market for cigarettes through a scheme to deceive the public.”

The parallels between what the tobacco industry did and what the fossil fuel in-
dustry is doing now are striking.

In the case of fossil fuels, just as with tobacco, the industry joined together in a
common enterprise and coordinated strategy. In 1998, the Clinton administration
was building support for international climate action under the Kyoto Protocol. The
fossil fuel industry, its trade associations and the conservative policy institutes that
often do the industry’s dirty work met at the Washington office of the American Pe-
troleum Institute. A memo from that meeting that was leaked to the New York
Times documented their plans for a multimillion-dollar public relations campaign to
undermine climate science and to raise “questions among those (e.g., Congress) who
chart the future U.S. course on global climate change.”

The shape of the fossil fuel industry’s denial operation has been documented by,
among others, Drexel University professor Robert Brulle. In a 2013 paper published
in the journal Climatic Change, Brulle described a complex network of organizations
and funding that appears designed to obscure the fossil fuel industry’s fingerprints.
To quote directly from Brulle’s report, it was “a deliberate and organized effort to
misdirect the public discussion and distort the public’s understanding of climate.”
That sounds a lot like Kessler’s findings in the tobacco racketeering case.

The coordinated tactics of the climate denial network, Brulle’s report states, “span
a wide range of activities, including political lobbying, contributions to political can-
didates, and a large number of communication and media efforts that aim at under-
mining climate science.” Compare that again to the findings in the tobacco case.

The tobacco industry was proved to have conducted research that showed the di-
rect opposite of what the industry stated publicly—namely, that tobacco use had se-
rious health effects. Civil discovery would reveal whether and to what extent the
fossil fuel industry has crossed this same line. We do know that it has funded re-
search that—to its benefit—directly contradicts the vast majority of peer-reviewed
climate science. One scientist who consistently published papers downplaying the
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role of carbon emissions in climate change, Willie Soon, reportedly received more
than half of his funding from oil and electric utility interests: more than $1.2 mil-
lion.

To be clear: I don’t know whether the fossil fuel industry and its allies engaged
in the same kind of racketeering activity as the tobacco industry. We don’t have
enough information to make that conclusion. Perhaps it’s all smoke and no fire. But
there’s an awful lot of smoke.

Senator CRUZ. The hearing record is going to remain open for 2
weeks. During this time, Senators are asked to submit any ques-
tions for the record, and upon receipt, the witnesses are requested
to submit their written answers to the Committee as soon as pos-
sible.

I want to thank the witnesses for being here. I want to thank
you for the time in preparing your testimony.

And with that, this hearing is adjourned.

[Whereupon, at 5:52 p.m., the hearing was adjourned.]



APPENDIX

RESPONSE TO WRITTEN QUESTIONS SUBMITTED BY HON. RICHARD BLUMENTHAL TO
ADMIRAL DAVID TITLEY

Issue: Climate Change and Refugees

Question 1. The globe is currently facing a refugee crisis as innocent civilians are
being forced to flee war-torn areas like Syria in an attempt to find safety. There
are now 4.2 million registered refugees spread across Turkey, Lebanon, Egypt, Iraq,
and Jordan.

Climate scientists hold that as climate change worsens, global crises of mass pop-
ulation displacements can increase. As droughts become more severe or as the sea
level continues to rise and puts at risk coastal communities and settlements, mil-
lions of people can end up displaced because of drinking water shortages, crop short-
ages, and retreating land.

Not only will there the issue of resettling millions of displaced people, but as re-
sources grow more scarce, conflict becomes more likely.

Thirty governors have declined to accept refugees as people are now fleeing the
violence of ISIS. Yet, many of the same people who argue against opening our bor-
ders to refugees refuse to take action to mitigate and reverse climate change.

Can you speak to how significant of an issue displacement may become if we do
not take steps to address climate change?

Answer. Climate refugees, although not a formally recognized term, will become
an increasingly urgent problem for the world to deal with. Whether people are
forced from their land due to rising seas and storm surges, salt-water contamination
of fresh water supplies, or are no longer able to grow food for their families and
communities due to a combination of increased heat or drought, they will move.
They will then be either “internally displaced” refugees within their own country or
international refugees. These problems will almost certainly be worse and most se-
vere in regions where there is already poor governance, endemic corruption, and ex-
isting ethnic strife. Syria today is a tragic example, and ominously a window to a
future where this challenge is ignored.

Question 2. How serious are the Departments of Defense and Homeland Security
taking this potential future risk as a result of climate change?

Answer. This administration has taken the risk of climate change seriously as
part of its duties. The risks of climate change are prominently acknowledged in the
highest strategy documents of these departments. In addition, in January 2016 the
Department of Defense issued a “Department of Defense Directive” hitp:/ /www
.dtic.mil /whs/directives/corres [ pdf/471521p.pdf that gives very specific guidance to
the Under and Assistant Secretaries of Defense, the Services, Combatant Com-
manders and the Joint Staff as to their duties and responsibilities with respect to
addressing climate risk and security. For more details, see: https://climate
andsecurity.org /2016 /01 /20 | new-dept-of-defense-directive-on-climate-security /

Question 3. I imagine that because of the grave responsibility of national security
these two departments are charged with upholding, any official position they take
has been well researched and reviewed. Can you speak to how well researched the
DOD and DHS’s predictions as a result of climate change are and how reliable their
science is?

Answer. Both the DOD and DHS rely on the scientific enterprise’s collective
knowledge, judgment and wisdom. This knowledge is best summarized in the U.S.
National Academy of Science’s body of work on climate change (hitp:/ / nas-sites.org/
americasclimatechoices | sample-page | panel-reports/), the National Climate Assess-
ment (http:/nca2014.globalchange.gov/), and the fifth assessment report of the
Intergovernmental Panel on Climate Change (https:/ /www.ipce.ch/report/ar5/). In
addition, specific NASA, NOAA, Department of Energy, U.S. Geological Survey, aca-
demic, intelligence community and other technical assets are consulted as required.

(181)
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Issue: Climate Change Considerations at DOD

Question 4. In addition to the rise in regional instability across the globe and the
potential to exacerbate the displacement of significant populations of people, climate
change has the potential to pose other national security risks like threats to military
installations.

The Department of Defense has done extensive climate research and is also tak-
ing steps to increase its use of alternative fuels and further its research into alter-
nate fuel resources to reduce its carbon foot print.

The DOD has also taken several steps to incorporate climate mitigation into its
planning. In a statement from this July, the department stated that “the ability of
the United States and other countries to cope with the risks and implications of cli-
mate change requires monitoring, analysis and integration of those risks into exist-
ing (éverall risk management measures, as appropriate for each combatant com-
mand.”

What are some other national security risks that the DOD warns of if climate
change isn’t mitigated?

Answer. Please refer to the CNA Military Advisory Board reports of 2007 https:/ /
www.cna.org | CNA files/pdf/ National%208Security%20and%20the%20Threat%200f
%20Clin&<}zcte%20Change.pdf and 2014 https:/ /www.cna.org/CNA files/pdf/ MAB
5-8-14.pdf.

In summary the risks are:

e changes in the Arctic for which we are not prepared

e climate threats to DOD and critical civilian infrastructure upon which our mili-
tary and economic security reside. Climate threats include:

© rising sea levels and attendant storm surges;
© drought and excessive heat impacting a base’s operating capacity;
© direct or indirect threat from wildfires

e increase in the “demand signal” for world-wide Humanitarian Assistance and
Disaster Relief (HA/DR) missions. While the U.S. military conducts HA/DR mis-
sions in a very capable and professional manner, a significant increase in these
missions has the potential to disrupt training and capacity for higher-end war-
fighting missions that can only be accomplished by the U.S. military.

e Increase in the geo-strategic threats, where climate is not the sole cause of in-
stability, but, like a link in a chain, is one of the reasons a region or nation
tips into chaos and extremism, with unpredictable and unknown security and
stability consequences.

Question 5. What has been the extent of its efforts to reduce its carbon footprint
and transition to cleaner fuels?

Answer. Please refer to Mr. John Conger’s 3 March 2015 written testimony before
the House Appropriations Committee, pgs 11-13 and pgs 19-23. http:/ /docs.house
.gov /mj;tings /AP /AP18/20150303/103047 | HHRG-114-AP18-Wstate-Congerd-2015
0303.p

Question 6. In your testimony, you spoke to the risk management approach to ad-
dressing climate change recommended by the CNA Military Advisory Board, a panel
of former three and four star generals. How concerned is the DOD with climate
change and how much is it built into future planning?

Answer. Please see my previous answer regarding the DOD’s concern for climate
change. In my personal opinion, the leadership has done a good job of balancing and
addressing this long-term, strategic risk with the shorter-term crises that the DOD
must always handle. The issuance by Deputy Secretary Work of the DOD Directive
on climate change in January 2016 is a good example of their commitment to ad-
dressing this risk.

Issue: Negative Economic Impact of Climate Change as Indicated by
Connecticut-originated Research

Question 7. The NOAA Northeast Fisheries Research Lab in Milford, CT has dem-
onstrated that ocean acidification is one of the greatest risks to the healthy develop-
ment of shellfish like clams and oysters. I constantly hear from my state’s aqua-
culture and shellfish harvesting communities that they are catching smaller and
more underdeveloped shellfish by the year as acidification hinders the calcification
process necessary to produce a strong and robust shell.

The University of Connecticut has also been pioneering a lot of sound and reliable
climate science. One study, conducted by Dr. Baumann of UConn, investigates the
impact of climate change on coastal marine fishes. His most recent NSF and NOAA
funded study on the Atlantic silverside, a common fish in eastern North America
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and a source of food for commercially important fish species like bluefish and
striped bass, showed that high levels of carbon dioxide are likely to severely impact
the larvae of this species in years to come. This will likely have a cascading effect
to the fish that rely on them as a food source, which in turn will have a negative
impact on the commercial fishing industry.

As climate deniers continue to do the bidding of the fossil fuel industry, protecting
the profits of big oil and gas interests, what will the impact be on other industries
that will be harmed by climate change, like the aquaculture and commercial fishing
industries?

Answer. While some select industries may temporarily benefit from delaying ac-
tion on climate change, particularly those connected with extracting, transporting
or burning fossil fuel assets, many industries and communities will be negatively
impacted from the changes in climate. The impacts may be direct, as your constitu-
ents in the aquaculture industry have relayed to you, or indirect, in that taxpayers
will ultimately shoulder the cost of combatting sea-level rise, higher food prices, and
increased health risks, to name a few.

Question 8. Won’t most of the economy be negatively impacted by climate change?
Won't the short-sighted denial of climate change really only benefit one industry at
the detriment of everyone else?

Answer. Yes sir. The number of industries that benefit directly from delaying ac-
tion are small in number compared to those who are seeing adverse effects.

Issue: Sea Level Rise in the Long Island Sound

Question 9. The Long Island Sound Study (LISS), a federal, state partnership be-
tween the EPA, Connecticut, and New York that monitors water quality and
changes in the climate in the Long Island Sound, has been recording changes in sea
level rise in the Sound for decades—since 1932 in Kings Point, NY and since 1967
in Bridgeport, CT.

What LISS has found is that the sea level in the Sound has been steadily increas-
ing due to warming temperatures causing the water molecules in the Sound to ex-
pand, consistent with global findings. However, what scientists monitoring the Long
Island Sound have also discovered is that sea level rise is over 50 percent higher
than the global average over the same timeframe. This seems to indicate that as
warming continues, the regions surrounding the Sound are especially vulnerable to
flooding, storm surges, and other consequences of rising ocean levels.

Additionally, research by Dr. Lisa Park Boush of UConn shows that although hur-
ricane frequency is tied to El Nino, it is also influenced by global climate change.

Hurricane Sandy devastated the coast of Connecticut. These storms are only be-
coming more extreme. If we do not take action to curb climate change, what type
of damage are areas like the Connecticut coast in for, where they are especially sen-
sitive to rising sea levels?

Answer. I think your local experts are best qualified to talk about the specifics
of damage to the Connecticut coastline. We do understand though, that hurricanes
in the northeast U.S. are likely to become stronger, and that those storm-surges will
come in on top of an ever-rising sea level. Please see the recent article published
in the Proceedings of the National Academy of Science by my colleagues Andra Reed
and Michael Mann and others: http://www.ncbi.nlm.nih.gov/pmec/articles/ PMC
4611656/ for details on the increased threat to the coastline.

Question 10. Communities along the coast are still rebuilding. Small businesses
are implementing resiliency plans, efforts are underway to restore historic struc-
tures damaged in the storm, and aquaculture beds are recovering. The economic im-
pact of the storm was nothing short of devastating. What are the economic risks as-
sociated with rising sea levels?

Answer. They will of course be very significant. I often use as a point of reference
how much more money the Netherlands believes they need to invest in their sea-
level defenses, already seen as the best in the world, will need to invest an addi-
tional $150B by 2100. Attp:/ /www.wired.com /2008 /12 /ff-dutch-delta/ For scale,
the length of Dutch coastline is roughly equivalent to the coasts of Massachusetts
and Connecticut, combined. One way or another, we are all going to pay this carbon
tax, either in preparations and fortifications of our coast—or in economic disruption
and devastation if we do not.

Question 11. Some in the climate denial camp point to deviations in temperature
in the atmosphere’s tropospheric level—the lowest level of the atmosphere—as indi-
cation that the verdict is still out on climate change. Can you explain why measure-
ments like sea level rise give a better indication of climate change than variations
in tropospheric temperatures?

Answer. Please see my response to Sen. Markey’s QFR on this same topic.
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Issue: The Importance of Funding Geo and Climate Science

Question 12. As a member of the Commerce, Science, and Transportation Com-
mittee, I have had the opportunity to meet with and hear issues of importance from
climate and geo-scientists from Connecticut. These scientists specialize in research-
ing how our climate works, how the Earth responds to different climate patterns,
and how our climate is currently changing.

One recurring theme that I continue to hear from scientists from around Con-
necticut, whether it is from climatologists at UConn or researchers at Wesleyan and
Yale, is that they are worried about the threatened Federal funding for geosciences.
Funding proposals that have come from the House or supported by the other side
of the aisle undervalue the significance of this important science field.

Geoscience and climate science is how we understand what is happening to the
Earth’s climate systems, and if this field is undermined, we cannot adequately pre-
pare for changes we might encounter.

What are some of the consequences we can expect if we do not adequately fund
these science disciplines?

Answer. This letter, signed by many Universities, including Penn State, and sci-
entific organizations, explains both the benefits to funding and consequences of not
funding very well: https:/ /www.ametsoc.org/ams/index.cfm/about-ams/ams-for-
mal-letters-of-support | joint-letter-supporting-nsf-geosciences |

Question 13. Do you believe there is a multiplier effect for investing in geo and
climate science? As we develop new technologies or ways to fend off the costs of cli-
mate change, don’t our investments pay off in greater returns?

Answer. Yes sir.

Question 14. Given the importance of these science disciplines, what possible ex-
planation is there for cutting funding in this area?

Answer. I do not believe that credible arguments can be made to dis-invest in this
area of science. We only have one Earth on which to live and base our economy.
It’s in everyone’s interest to have the greatest possible understanding of, and pre-
dictions about, our home planet for the benefit of all.

Issue: Climate Sensitivity to CO, and Time Scales

Question 15. There seems to be a broad consensus on the correlation between CO»
in the atmosphere and the average temperature of the planet. Climate scientists at
Wesleyan produced a research paper in which they studied past states of the cli-
mate and found strong correlations between low CO- levels and lower temperatures
and higher CO; levels and higher temperatures.

This research was backed up by findings that researchers at Yale contributed to,
which studied climate sensitivity to CO, and also determined that the best indica-
tors were revealed over long time periods on the scale of centuries or millennia.

How well do we understand the correlation between CO, and temperature? How
confident is the scientific community in idea that high levels of CO; in the atmos-
phere contribute to a warming climate? Isn’t this concept very well understood and
widely acknowledged?

Answer. Yes, sir, there is extremely high confidence in this relationship. The fol-
lowing article from the “American Institute of Physics” https:/ /www.aip.org/his-
tory/climate/co2.htm describes our scientific understanding of Greenhouse Gases,
beginning with Joseph Fourier’s work in the 1820s. I know of no credible climate
scientist who disputes this fundamental relationship.

Question 16. Can you speak to the importance of taking measurements over long
periods of time when attempting to understand climatic changes? Why might short-
er time periods that many climate skeptics use be misleading when compared to
long-term studies?

Answer. Please see my response to Sen. Markey’s QFR where I describe “internal
variability”, “external forcing” and “manmade forcing” on the climate system. Over
short time periods, internal and external forcing can counteract the manmade in-
crease in greenhouse gases, but over the long term the interval variability just be-
comes “noise” and any changes in the sun and greenhouse gasses become the “sig-
nal”. NASA and many others have measured the sun’s energy reaching the earth
to see if it is the reason for our warming temperatures—it is not. In fact, the sun’s
energy has decreased slightly over the past several decades, leaving greenhouse
gases (and supported by over 150 years of theory) as the reason for our warming
climate.
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RESPONSE TO WRITTEN QUESTIONS SUBMITTED BY HON. EDWARD MARKEY TO
ADMIRAL DAVID TITLEY

Question 1. Does the natural variability of the climate system in the past, like
the episodic cool periods that occurred in the northern hemisphere during the so-
called “Little Ice Age” and may have impacted the Pilgrim colony at Plymouth Rock,
affect in any way our understanding of how greenhouse gases, such as carbon diox-
ide released from the burning of fossil fuels, are affecting the climate system now?
Please explain.

Answer. Climate change can be forced by multiple different external factors: re-
duced sunlight, either because of changes in the sun’s orbit or intensity, or an in-
crease in volcanic eruptions can cool the planet. Conversely, increases in the sun’s
intensity, a relative minimum in volcanic activity, or an increase in greenhouse gas
(GHG) concentration can warm the planet. Through research, we understand the so-
called ‘Little Ice Age’ reflected a decrease in the sun’s energy reaching Earth and
also relatively high volcanic activity. Today we also understand with extremely high
confidence why our climate is warming: the overwhelming driver for sustained
warming is the increase in GHG concentration in the atmosphere. Scientists began
to understand this effect as early as the middle of the 19th Century, and by the
1950s the theory was well established and well accepted. With the advent of
Keeling’s CO, measurements atop Mauna Loa in Hawaii, we have a continual record
of the increase in GHG that correlates with the increase in global surface tempera-
tures. {See Fig. 3, page 8, in my written testimony submitted for this hearing).
While correlation per se does not equate to causation, the theory is well understood
and science has systematically ruled out other reasons (primarily an increase in in-
coming energy from the sun) that would cause the Earth to warm so rapidly in such
a short period of time.

Question 2. In the attached peer-review article by Richard Muller and his Berke-
ley Earth group’s independent assessment of temperatures found temperature to
have increased 2.7 °F in the last 250 years, with 1.6 °F of that rise occurring in
the last 50 years. They find that the temperature changes can be explained by
human greenhouse gas emissions and volcanoes, but not solar forcing. They also dis-
close their funding sources, one of which is the Charles G. Koch Charitable Founda-
tion. Are the findings of this paper comparable to the scientific consensus that glob-
al temperatures are rising and that human are causing it?

Answer. Yes, the paper by Muller et. al. is broadly consistent with the scientific
consensus that human-induced GHG increases are responsible for the overwhelming
increase in 20th Century surface temperature increase. Although partially funded
by the Charles G. Koch Charitable Foundation, Muller et. al. appear to have proc-
essed the data correctly, and have obtained basically the same answer as NASA,
NOAA, the UK Met Office, the Japanese Meteorological Agency, and other reputable
organizations who have studied this issue. Interestingly, Exxon-Mobil (then Esso)
also reached this same conclusion back in the late 1970s and early 1980s. See Fig.
4, page 9 of my written testimony submitted for this hearing.

Question 3. During the hearing Dr. Curry claimed that the IPCC and the scientific
consensus have no explanation for the increase of ice in the Antarctic. Can you com-
ment on the scientific community’s current understanding of changes in Antarctic
land and sea ice and how they relate to anthropogenic climate change?

Answer. While the expansion of Antarctic Sea ice is still a topic of active research,
it would be incorrect to that that science has “no explanation” for this phenomenon.
A good summary of our state of knowledge can be found at: htips://www
.skepticalscience.com [increasing-Antarctic-Southern-sea-ice-intermediate.htm

“If the Southern Ocean is warming, why is sea ice increasing? There are several
contributing factors. One is the drop in ozone levels over Antarctica. The hole
in the ozone layer above the South Pole has caused cooling in the stratosphere
(Gillet 2003). A side-effect is a strengthening of the cyclonic winds that circle
the Antarctic continent (Thompson 2002). The wind pushes sea ice around, cre-
ating areas of open water known as polynyas. More polynyas leads to increased
sea ice production (Turner 2009).

Another contributor is changes in ocean circulation. The Southern Ocean con-
sists of a layer of cold water near the surface and a layer of warmer water
below. Water from the warmer layer rises up to the surface, melting sea ice.
However, as air temperatures warm, the amount of rain and snowfall also in-
creases. This freshens the surface waters, leading to a surface layer less dense
than the saltier, warmer water below. The layers become more stratified and
mix less. Less heat is transported upwards from the deeper, warmer layer.
Hence less sea ice is melted (Zhang 2007).
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Antarctic sea ice is complex and counter-intuitive. Despite warming waters,
complicated factors unique to the Antarctic region have combined to increase
sea ice production. The simplistic interpretation that it’s caused by cooling is
false.”

Question 4. During the hearing Dr. Curry claimed that the IPCC report has no
explanation for the fact that the rate of sea level rise from 1920 to 1950 was large.
Please describe the trends in sea level rise from 1920 to today and what is known
about how they relate to anthropogenic climate change.

Answer. Dr. Curry’s question ignores the broader implications of an ever-rising
sea level. Although this reference http://www.skepticalscience.com /Sea-level-rise-
the-broader-picture.html is nearly six years old, it provides a good overview and
shows that sea level rise in the period from 1920-1950 was not anomalous.

“Sea level rises as ice on land melts and as warming ocean waters expand. Sea
level rise mutually corroborates other evidence of global warming as well as
being a threat to coastal habitation and environments.

The blue line in the graph below clearly shows sea level as rising, while the
upward curve suggests sea level is rising faster as time goes on. The upward
curve agrees with global temperature trends and with the accelerating melting
of ice in Greenland and other places.

Because the behavior of sea level is such an important diagnostic aid for track-
ing climate change, skeptics seize on the sea level record in an effort to cast
doubt on this evidence. Sea level bounces up and down slightly from year to
year so it’s possible to cherry-pick data falsely suggesting the overall trend is
flat, falling or linear. You can try this yourself. Starting with two closely spaced
data points on the graph below, lay a straight-edge between them and notice
how for a short period of time you may create almost any slope you prefer, sim-
ply by being selective about what data points you use. Now choose data points
farther apart. Notice that as your selected data points cover more time, the
more your mini-graph reflects the big picture. The lesson? Always look at all
the data, don’t be fooled by selective presentations.
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Other skeptic arguments about sea level concern the validity of observations,
obtained via tide gauges and more recently satellite altimeter observations.

Tide gauges must take into account changes in the height of land itself caused
by local geologic processes, a favorite distraction for skeptics to highlight. Not
surprisingly, scientists measuring sea level with tide gauges are aware of and
compensate for these factors. Confounding influences are accounted for in meas-
urements and while they leave some noise in the record they cannot account
for the observed upward trend.

Various technical criticisms are mounted against satellite altimeter measure-
ments by skeptics. Indeed, deriving millimeter-level accuracy from orbit is a
stunning technical feat so it’s not hard to understand why some people find
such an accomplishment unbelievable. In point of fact, researchers demonstrate
this height measurement technique’s accuracy to be within 1mm/year. Most im-
portantly there is no form of residual error that could falsely produce the up-
ward trend in observations.

As can be seen in an inset of the graph above, tide gauge and satellite altimeter
measurements track each other with remarkable similarity. These two inde-
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pendent systems mutually support the observed trend in sea level. If an argu-
ment depends on skipping certain observations or emphasizes uncertainty while
ignoring an obvious trend, that’s a clue you’re being steered as opposed to in-
formed. Don’t be mislead by only a carefully-selected portion of the available
evidence being disclosed.

Current sea level rise is after all not exaggerated, in fact the opposite case is
more plausible. Observational data and changing conditions in such places as
Greenland suggest if there’s a real problem here it’s underestimation of future
sea level rise. The IPCC synthesis reports offer conservative projections of sea
level increase based on assumptions about future behavior of ice sheets and gla-
ciers, leading to estimates of sea level roughly following a linear upward trend
mimicking that of recent decades. In point of fact, observed sea level rise is al-
ready above IPCC projections and strongly hints at acceleration while at the
same time it appears the mass balance of continental ice envisioned by the
IPCC is overly optimistic (Rahmstorf 2010).”

More to the point, the rate of sea level rise is accelerating, as shown in recent
papers summarized by Climate Central http:/ /www.climatecentral.org [ news / study-
reveals-acceleration-of-sea-level-rise-20055 and researchers at Penn State htip://
news.psu.edu [ story /400758 /2016 /03 / 30 | research | sea-level-rise-antarctic-ice-sheet-
could-double?utm source=newswire&utm medium=e-mail&utm term=401922
HTML&utm  content=04-04-2016-16-55&utm campaign=daily%20newswire These
are the real risks to our society—not dissecting the noise in the sea level record
from over half a century in the past.

Question 5. Climate change deniers have often pointed to a hiatus or pause in
warming since 2000. However, the attached peer-reviewed study by Thomas Karl et.
al. shows that newly corrected and updated global surface temperatures from
NOAA’s NCEI do not support a global warming “hiatus” and that there is no
discernable decrease in the rate of warming between the second half of the 20th cen-
tury and the first 15 years of the 21st century. From your review of the latest sci-
entific evidence, do you agree that the global temperatures have continued to rise
over the past 15 years? Also, please address the scientific problem with making con-
clusions about climate change based on short-term trends.

Observed climate change is the net result of ‘internal variability’ (analogous to
changes in water level that’s sloshing about in a shallow pan; no water is added
or lost, but the height of the water (or temperature in case of the earth) bounces
up and down—but the average does not change over time), external forcing (e.g.,
changes in the sun’s energy reaching the earth, changes in the number and inten-
sity of volcanic eruptions), and man-made forcing (primarily addition of greenhouse
gasses but also by the addition of very small particles (aerosols) that tend to have
a net cooling on the planet). Sometimes these forces all act in the same direction
at the same time—at other times they can oppose one another. Michael Mann and
colleagues have published convincing peer-reviewed research (summarized here:
hitp: | www.realclimate.org [ index.php | archives [ 2015/ 02 | climate-oscillations-and-
the-global-warming-faux-pause /) that shows the ‘internal variability’ of the climate
system has been counter-acting much but not all of the continuing warming caused
by the man-made addition of GHG to the atmosphere. Despite such temporary cool-
ing factors, overall temperatures have continued to rise. You can see this in Figure
3 (page 8) of my written testimony submitted for this hearing. In addition the World
Meteorological Organization (WMO) has a chart of temperatures averaged over
every decade starting from 1890 (here’s the source: http://library.wmo.int/pmb
~ ged/wmo 1119 en.pdf)
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RESPONSE TO WRITTEN QUESTION SUBMITTED BY HON. GARY PETERS TO
ADMIRAL DAVID TITLEY

Question. Dr. Titley, there were a number of claims made in the hearing that run
counter to scientific findings and conclusions. Some examples include claims about
carbon dioxide and its effect on plant life and agriculture, the historical abundance
of CO3 in the atmosphere, the so called warming “hiatus” and the relative value of
satellite and balloon data versus direct measurements, sea level rise, and inconsist-
ency of model predictions and measured observations.

Could you please briefly address any false or misleading claim not already covered
in your testimony, and also please provide references to quality, peer-reviewed sci-
entific publications that dispute these false or misleading claims?

Answer. Senator, I addressed the recent temperature record and sea-level rise
issues in my QFR’s in response to Senator Markey. The single most comprehensive
source to the issues you raise is in the Fifth Assessment Report (AR5) of the Inter-
governmental Panel on Climate Change (IPCC). http://www.ipcc.ch/ This report
summarizes and synthesizes the body of peer-reviewed research and addresses what
we do—and do not know—about our changing climate, and the degree of confidence
to which we understand specific aspects of climate change. If there is a fault of the
IPCC process, it’s a consensus body of the world’s nations, so its conclusions are that
of a ‘least common denominator’ agreed to by all. If the IPCC reports are wrong,
it’s because the climate is changing faster than the consensus body of literature
would indicate, and that the ‘fat tail’ risks are underestimated.

For a detailed accounting of how drastically over-simplified and false the argu-
ment that “more CO is better for plants” is, please see https://www.skeptical
science.com [ co2-plant-food-advanced.htm The article contains multiple references to
respected, peer-reviewed articles.

An advanced and technical description of the challenges of re-creating surface
temperature record proxies from satellite-derived measurements can be found here:
hittps: [ |www.skepticalscience.com [ satellite-measurements-warming-troposphere-ad-
vanced.htm, again with embedded peer-reviewed references.

O
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