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About this report

This report publishes testimony given by four prominent climate scientists to a hear-
ing of the Committee on Science, Space and Technology of the US House of Repre-
sentatives on 29 March 2017. Minor stylistic changes have been made to the text as
originally presented by the witnesses.
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1 Testimony of Professor Judith Curry

Major points

• Scientific progress is driven by the creative tension spurred by disagreement,
uncertainty and ignorance.

• Progress in understanding the climate system is being hampered by an institu-
tionalized effort to stifle this creative tension, in the name of a ‘consensus’ that
humans have caused recent climate change.

• Motivated by themandate from the United Nations Framework Convention on
Climate Change (the UNFCCC), the climate community has prematurely ele-
vated a scientific hypothesis on human-caused climate change to a ruling the-
ory through claims of a consensus.

• Premature theories enforced by an explicit consensus-building process harm
scientific progress because of the questions that don’t get asked and the inves-
tigations that aren’t undertaken. As a result, we lack the kinds of information to
more broadly understand climate variability and societal vulnerabilities.

• Challenges to climate research have been exacerbated by:

– unreasonable expectations from policy makers

– scientists who are playing power politics with their expertise and trying to
silence scientific disagreement through denigrating scientists who do not
agree with them

– professional societies thatoverseepeer review inprofessional journalswrit-
ing policy statements endorsing the consensus and advocating for spe-
cific policies.

• Policymakers bear the responsibility of the mandate that they give to panels
of scientific experts. The UNFCCC framed the climate change problem too nar-
rowly anddemandedof the IPCC toomuchprecision–where complexity, chaos,
disagreement and the level of current understanding resists such precision.

• A more disciplined logic is needed in the climate change assessment process
that identifies the most important uncertainties and introduces a more objec-
tive assessment of confidence levels.

• Expert panels with diverse perspectives can handle controversies and uncer-
tainties by assessing what we know, what we don’t know, and where themajor
areas of disagreement and uncertainties lie.
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Introduction

I thank the Chairman and the Committee for the opportunity to offer testimony to-
day on ‘Scientific Method as it Relates to Climate Change’. I am Professor Emeritus of
the School of Earth and Atmospheric Sciences at the Georgia Institute of Technology.
I have devoted four decades to conducting research on a variety of topics related
to weather and climate. In recent years my focus has been on uncertainty and the
interface between climate science and policy. As President of Climate Forecast Appli-
cations Network LLC, I have been working with decision makers to use weather and
climate information to reduce vulnerability to extreme weather and climate events.

I am increasingly concerned that both the climate change problem and its solu-
tion have been vastly oversimplified. The result of this simplified framing of a com-
plex, wicked problem is that we lack the kinds of information tomore broadly under-
stand climate variability and societal vulnerabilities.

Motivated by the mandate from the United Nations Framework Convention on
Climate Change (UNFCCC) to address dangerous human-caused climate change, the
climate community has worked for more than 20 years to establish a scientific con-
sensus onhuman-caused climate change, whichhas prematurely elevated a scientific
hypothesis to a ruling theory. Premature theories enforced by an explicit consensus-
building process harm scientific progress because of the questions that don’t get
asked and the investigations that aren’t undertaken.

Challenges to climate research have been exacerbated by:
• expectations from policy makers

• scientists who are playing power politics with their expertise and trying to si-
lence scientific disagreement through denigrating scientists who do not agree
with them

• professional societies (that oversee the peer review in professional journals)
who arewriting policy statements endorsing the consensus and advocating for
specific policies.

Motivated by these concerns, my testimony focuses on the following issues of central
relevance to the issues of climate science and the scientific method:

• the scientific method for complex environmental systems

• how scientists fool themselves

• disagreement and reasoning about climate uncertainty

• the interface between climate science and policy.

Scientific method for complex environmental systems

My perspective on the scientific method is based on four decades as a scientist and
extensive readings on the philosophy and sociology of science. Over the past seven

2



years, I have been exploring these issues as they relate to climate science in a series
of blog posts1 and several publications.2 My perspective is summarized below.

Science is a process for understanding how nature works. The scientific process
can be summarized as: ask a question or pose a hypothesis, set up an objective test or
experiment, andmake a scientific argument – and then repeat. A scientific argument
uses logic to combine assumptions and evidence. Science is often mischaracterized
as the assembly and organization of data and as a collection of facts on which scien-
tists agree. Science is correctly characterized as a process in which we keep exploring
new ideas and changing our understanding of theworld, to find new representations
of the world that better explain what is observed. Part of science is to do calculations
and to make predictions, but another part of science is to ask deep questions about
how nature works.

‘Scientifically proven’ is a contradiction in terms – science does not prove any-
thing. Scientists have a vision of reality that is the best they have found so far, and
there may be substantial disagreement among individual scientists. Science works
just fine when there is more than one hypothesis to explain something – in fact, dis-
agreement spurs scientific progress through creative tension and efforts to resolve
the disagreement. Science is driven by uncertainty, disagreement and ignorance –
the best scientists actively cultivate doubt. Scientists do not concentrate on what
they know, but rather on what they don’t know. Science is an ongoing process of
revision that may be incremental, and occur in fits and starts or through an unex-
pected breakthrough. Scientists tackle ignorance in formulating their research ap-
proach through challenging assumptions and presuppositions, curiosity, imagina-
tion, identifying connections with other research, and revisiting apparently settled
questions.

How do we evaluate scientific theories, which are collections of hypotheses? All
theories are underdeterminedbydata. Theories are evaluatedbasedon independent
corroboration, effectiveness in explaining phenomena and making predictions. As-
pects of science that are reasonably settled are reliably used as assumptions for other
scientific investigations and often enter into the realm of engineering.

What is the status of climate science as it relates to the nature and causes of vari-
ations on timescales from decades to centuries? The foundation of climate science
rests on fundamental laws such as Newton’s laws of motion, Planck’s law and the
Stefan Boltzmann law, the first and second laws of thermodynamics, ideal gas laws,
gravitation, and conservation of mass and energy. There are numerous theories of
complex processes (collections of hypotheses) that contribute to our understanding
of climate science, including the theory of rotating fluids, the theory of boundary lay-
ers, the theory of gaseous infrared spectroscopy and radiative transfer. These theories
are widely accepted.

Themeta-theoryofgreenhousewarmingof the climate system incorporatesmany
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hypotheses and theories about how components of the climate systemwork. It is an
empirical fact that the Earth’s climate has warmed overall for at least the past cen-
tury. However, we do not knowhowmuch humans have contributed to this warming
and there is disagreement among scientists as to whether human-caused emissions
of greenhouse gases are the dominant cause of recent warming, relative to natural
causes.

Complexity

Scientific arguments in physics, chemistry and cell biology are typically based on con-
trolled laboratory experiments, where explanation and prediction can be based on
a few variables. There are elements of climate science that can be addressed using
these methods, notably in atmospheric chemistry and the physics and chemistry of
aerosol and cloud particles.

However, scientific investigations of the dynamics of the entire climate system
have more in common with systems biology and economics than with laboratory
physics and chemistry, owing to the complexity of the systems under investigation
and the inability to conduct controlled experiments. Complexity of the climate sys-
tem arises from chaotic behavior and the nonlinearity of the equations formotions in
the atmosphere and ocean, high dimensionality of the system (many different vari-
ables, varying in three dimensions andwith time), and the linking ofmultiple subsys-
tems (e.g. atmosphere, oceans, land surface, glacier ice).

The aggregateproperties and changesof complex systems cannotbedetermined
from sum of the individual components, owing to interactions among the compo-
nents and the different scales of organization within the system. Complex systems
are studied using information theory and computer simulation models (e.g. global
climate models.) While some of the equations in climate models are based on the
laws of physics, many key processes in the model are only approximated and are not
directly related to physical laws.

Global climate models are used by scientists to represent aspects of climate that
are difficult to observe, experiment with theories in a new way by enabling hitherto
infeasible calculations, understand a system of equations that would otherwise be
impenetrable, and explore the system to identify unexpected outcomes. As such,
global climate models are an important element of climate research. For models of a
complex system, the notion of a correct or incorrect model is not well defined. The
relevant issue is whether the model ‘works’ and is fit for its intended purpose.

Assessment of climatemodels

In a recent report entitled ClimateModels for Laymen,3 I describedhowclimatemodels
are useful tools for conducting scientific research to understand the climate system.
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However, I argued that current global climate models are not fit for the purpose of
attributing the causes of recent warming or for predicting global or regional climate
change on timescales of decades to centuries, with any high level of confidence. Con-
cerns about the utility of climate models include:

• Predictions of the impact of increasing CO2 on climate cannot be rigorously
evaluated for order of a century.

• Failure to provide a consistent explanation of the early 20th century warming
and the mid-century cooling.

• Inability to simulate the magnitude and phasing of large-scale ocean oscilla-
tions on decadal to century timescales

• Insufficient exploration of climate model uncertainties.

• Extremely large number of unconstrained choices in terms of selecting model
parameters and parameterizations.

• Evaluation of climate models against the same observations used for model
tuning.

• Fundamental lack of predictability in a complex nonlinear system.

How scientists fool themselves

Prior to 2010, I accepted and supported the consensus conclusions from the assess-
ment reports published by the Intergovernmental Panel on Climate Change (IPCC) –
I felt that this was the responsible thing to do. However, following the revelations of
Climategate,4 I realized that I had fallen victim to ‘groupthink’ – a pattern of thought
characterized by conformity to group values and the manufacture of consensus that
results in self-deception. I undertook an investigation into the ways that scientists
can fool themselves, by examining deceptions from other fields of science and read-
ing analyses from the perspectives of psychology and the philosophy and sociology
of science. Below are my reflections on how climate scientists can fool themselves,
and what they can do about it.

Cognitive biases

Because of the complexity of the climate problem, scientists use different mental
models for evaluating the interconnected evidence. Biases can abound when rea-
soning andmaking judgments about such a complex problem. Bias can occur by ex-
cessive reliance on a particular piece of evidence, the presence of cognitive biases in
reasoning shortcuts, failure to account for indeterminacy and ignorance, and logical
fallacies and errors, including circular reasoning.

Cognitive biases relate to self-deception. Cognitive biases of particular relevance
to the science of climate change include:
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• confirmation bias : the tendency to search for or interpret information in a way
that confirms one’s preconceptions

• self-serving bias : a tendency for people to evaluate information in a way that is
beneficial to their interests

• belief bias : evaluating the logical strength of an argument based on belief in
the truth or falsity of the conclusion

• framing : using a narrow approach that pre-ordains the conclusion

• overconfidence : unjustified, excessive belief

• illusory correlations : false identification of relationships with rare or novel oc-
currences

A recent article by statistician Regina Nuzzo in Nature summarizes the problem:

This is the big problem in science that no one is talking about: even an honest
person is amaster of self-deception. In today’s environment, our talent for jump-
ing to conclusions makes it all too easy to find false patterns in randomness, to
ignore alternative explanations for a result or to accept ‘reasonable’ outcomes
without question – that is, to ceaselessly lead ourselves astray without realizing
it.5

Simply, scientists are human and subject to biases. Further, they have personal and
professional stakes in the outcomes of research – their professional reputation and
funding is on the line. Assuming that individual scientists have a diversity of per-
spectives and different biases, then the checks and balances in the scientific process
including peer review will eventually see through the biases of individual scientists.
However, when biases become entrenched in the institutions that support science –
the professional societies, scientific journals, universities and funding agencies – then
that subfield of science may be led astray for decades and make little progress.

Premature theories andmanufactured consensus

A scientific argument can evolve prematurely into a ruling theory if cultural forces are
sufficiently strong and aligned in the same direction. Science policy expert Daniel
Sarewitz describes the process:

Like amagnetic field that pulls iron filings into alignment, a powerful cultural be-
lief is aligningmultiple sources of scientific bias in the same direction. The belief
is that progress in science means the continual production of positive findings.
All involved benefit from positive results, and from the appearance of progress.
Scientists are rewarded both intellectually and professionally, science adminis-
trators are empowered and the public desire for a better world is answered.6

I have argued that cognitive biases in the context of the IPCC’s consensus-building
process surrounding human-caused climate change have resulted in the consensus
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becoming increasingly confirmed in a self-reinforcingway, to thedetriment of the sci-
entific process.7 Princeton philosopher Thomas Kelly provides some general insights
into the sources of confirmation bias and belief polarization that are relevant to the
climate change consensus.8 Kelly argues that belief held at earlier times can skew the
total evidence that is available at later times, via characteristic biasingmechanisms, in
a direction that is favorable to the initial belief. All else being equal, individuals tend
to be significantly better at detecting fallacies in an argument for a conclusion that
they disbelieve, than when the same fallacy occurs in an argument for a conclusion
that they believe. Of particular relevance to the IPCC’s consensus on human-caused
climate change:

As more and more peers weigh in on a given issue, the proportion of the total
evidence which consists of higher order psychological evidence [of what other
people believe] increases, and the proportion of the total evidence which con-
sists of first order evidencedecreases. . .At somepoint, when thenumberofpeers
grows large enough, the higher order psychological evidence will swamp the
first order evidence into virtual insignificance.9

Sowhat are the implications of Kelly’s arguments for the IPCC’s consensus on human-
caused climate change? Cognitive biases in the context of an institutionalized con-
sensus building process have arguably resulted in the consensus becoming increas-
ingly confirmed in a self-reinforcingway. An extended group of scientists derive their
confidence in the consensus in a second-handmanner from the institutional author-
ity of the IPCC and the emphatic nature in which the consensus is portrayed. This ‘in-
visible hand’ marginalizes skeptical perspectives and is operating to the substantial
detriment of climate science, as well as biasing policies that are informed by climate
science.

Premature theories enforced by an explicit consensus building process harm sci-
entific progress because of the questions that don’t get asked and the investigations
that aren’t undertaken. Overconfident assertions take away themotivation for scien-
tists to challenge the consensus, particularly when they can expect to be called a ‘de-
nier’ for their efforts and see their chances diminish for professional recognition and
research funding. As a result of the enforced consensus, there is little independent
thought that seeks to advance fundamental understanding or develop an indepen-
dent aggregate understanding of how the climate system works.

When a field of science becomes entangled with politics and public policy de-
bates – such as climate science – the stakes for diverging from the consensus point of
view become much higher. Rather than encouraging scientific debate, there are at-
tempts by scientists, the media and politicians to end debate by insisting that a large
majority of scientists support a consensus, referring to those that disagree as ‘deniers’.
Sound theory does not need to demonize its opponents; rather these are the tactics
of elevating a premature theory to dogma and enforcing it for political purposes.
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Overcoming bias

A scientist’s job is to continually challenge his/her own biases and ask ‘How could I
be wrong?’ Playing ‘devil’s advocate’ helps a scientist examine how their conclusions
might be misguided and how they might be wrong. Overcoming one’s own biases is
difficult; an external devil’s advocate can play a useful role in questioning and criticiz-
ing the logic of the argument.

T.C. Chamberlain’s method of ‘multiple working hypotheses’10 is a strategy that
brings into view every rational explanation of the phenomena. The value of multiple
working hypotheses lies largely in its suggestiveness of lines of inquiry that might
otherwise be overlooked. More formal methods include ‘Red team’ and ‘Team B’
approaches that provide competitive analyses to challenge the dominant ones. I
have participated in two interesting experiments along these lines for climate sci-
ence, which are described below.

In 2014, theAmerican Physical Society (APS) held aworkshop to consider its state-
ment on climate change. A committee of eminent physicists, each with no particu-
lar expertise in climate science or an apparent dog in the public debate, selected six
climate scientists with diverse perspectives (Isaac Held, Ben Santer, William Collins,
Judith Curry, Richard Lindzen, John Christy) to address specific questions prepared
by the committee that were related to the IPCC 5th Assessment Report. The APS pro-
duced a complete transcript of the workshop.11 This transcript is a remarkable docu-
ment – it provides, inmyopinion, themost accurate portrayal of the scientific debates
surrounding climate change.

Organized under the auspices of the Dutch Ministry of Infrastructure and the En-
vironment, Climate Dialogue12 offered a blog platform for discussions between sci-
entists on important climate topics that are of interest to both fellow scientists and
the general public. The goal was to explore the full range of views that scientists have
on the selected issue. Each discussion was initiated by a short introduction written
by the editorial staff, followed by guest essays by two or more invited scientists. The
scientists reacted to each other’s essays and to questions posed by the editorial staff.
The public (including other climate scientists) could comment on a separate thread.
After the online discussion, Climate Dialogue editors wrote a summary, describing
the areas of agreement and disagreement between the discussants. I participated in
the inaugural dialogue onArctic sea ice, and therewere a total of six dialogues before
the effort was terminated. Each of these dialogues is a testament to the importance
of this kind of scientific dialogue and debate in terms illuminating and clarifying the
scientific issues and uncertainties.

Beyond overcoming bias, the dialectical nature of science can play an important
role in solving problems of societal relevance. When scientific input is sought on a
socially relevant issue, we need to acknowledge that there are competing hypothe-
ses and theories that are of practical consequence. Societal problem solving would
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benefit greatly from forums that bring together the proponents of these competing
inquiries for debate and joint problem solving.

Disagreement and reasoning about climate uncertainty

During my investigation of arguments and evidence being used to support the IPCC
statement on the causes of recent climate change, it became apparent to me that
therewere rational reasons fordisagreement aboutmanyaspectsof thesearguments.
I concluded that reasoning about a complex system with many uncertainties is not
at all straightforward. My investigations on this topic included reading about argu-
mentation and disagreement from the perspectives of philosophy and law, as well as
logical inference and network theory. I published two articles on these topics.13,14 My
reflections on disagreement, uncertainty and reasoning about the complex climate
problem are summarized below.

Disagreement

Science proceeds just finewith indefinite conclusions, disagreement andmultiple hy-
potheses. In fact, science works best under the creative tension of competing hy-
potheses. Disagreement among scientists and support for rival hypotheses can arise
from:

• insufficient and inadequate observational evidence

• disagreement about thevalueofdifferent classesof evidence (e.g. paleoclimate
reconstructions, global climate models)

• disagreement about the appropriate logical framework for linking and assess-
ing the evidence

• overconfidence and differing assessments of areas of ambiguity and ignorance

• belief polarization as a result of cultural pressures and the politicization of the
science.

In the context of disagreement, it is important to distinguish between disbelief – be-
lieving an argument is false – andnon-belief – believing that the argument is not true.
Disbelief is actually a case of belief, whereas non-belief is a state of suspended judg-
ment of neither believing the argument true nor believing it false. A failure to make
this distinction was the recent media coverage of statements made by EPA adminis-
trator Scott Pruitt:

I think thatmeasuringwith precision human activity on the climate is something
very challenging to do and there’s tremendous disagreement about the degree
of impact, so no, I would not agree that it’s a primary contributor to the global
warming that we see. But we don’t know that yet. We need to continue the
debate and continue the review and the analysis.15
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The media characterized this statement as ‘EPA head Scott Pruitt denies that carbon
dioxide causes global warming’.16 Pruitt’s statement was incorrectly characterized as
a statement of disbelief, when it was clearly a statement of non-belief.

Reasoning about climate uncertainty

Reasoning about a complex system with many uncertainties is not at all straightfor-
ward. The general reasoning underlying the IPCC’s arguments for human-caused cli-
mate change is described by Oreskes as a ‘consilience of evidence’ argument, which
consists of independent lines of evidence that are explained by the same theoretical
account.17 Oreskes draws an analogy for the consilience of evidence approach with
what happens in a legal case. Continuing with the legal analogy, legal scholar James
Johnston18 characterized the IPCC’s arguments as a legal brief, designed to persuade,
in contrast to a legal memo that is intended to objectively assess both sides. Along
the lines of a legal memo, the consilience of evidence argument is not convincing
unless it includes parallel evidence-based analyses for competing hypotheses. Any
evidence-based argument that is more inclined to admit one type of evidence or ar-
gument rather than another tends to be biased. Multiple lines of evidence that pro-
duce a high confidence level for each of two opposing arguments is referred to as the
‘ambiguity of competing certainties’. If uncertainty and ignorance are acknowledged
adequately, then the competing certainties disappear. Disagreement and clarifica-
tion of uncertainties then become the basis for focusing research in a certain area,
and so moves the science forward.

The complexity of the climate system makes the concept of ‘consilience failure’
rather challenging. If one of the lines of evidence turns out to be flawed, then how
does this influence the overall argument? The ‘doesn’t matter’ versus ‘death knell’
interpretations can be explained by the use of two different logics represented by
the ‘jigsaw puzzle analogy’19 and the ‘house of cards analogy.’20 Consider a partially
completed jigsaw puzzle, withmany pieces in place, some pieces tentatively in place,
and some missing pieces. Default reasoning allows you to infer the whole picture
from an incomplete puzzle if there is not another picture that is consistent with the
puzzle in its current state. Under a monotonic logic, adding new pieces and locking
existing pieces into place increases what is known about the picture. For a climate
scientist having a complex mental model of interconnected evidence and processes
represented by the jigsaw puzzle, the evidence in the North report21 critical of the
paleo-temperature reconstructions (the so-called ‘Hockey Stick’)merely jiggled loose
a few puzzle pieces but didn’t change the overall picture. Skeptics, lacking the same
puzzle frame but focused on the specific conclusions of the North report, viewed the
evidence as collapsing the house of cards and justifying major belief revision on the
subject. Which frame is ‘correct’? Well, both are overly simplistic heuristics used in
the absence of formal logical arguments.
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The ways of combining evidence and the associated uncertainties and logics be-
comes critical in determining how one would even go about falsifying the theory or
inferring anything about the theory from comparison of model predictions and ob-
servations. I have found that most disagreement on topics related to climate change
is associated with different mental models for assessing and combining evidence to
make inferences. A more disciplined logic is needed to assess the relative merits of
the different arguments through identifying the most important uncertainties and
introducing a more objective assessment of confidence levels.

In ‘Reasoning about climate uncertainty’,22 I argued that a useful approach would
be the development of hierarchical logical hypothesis models that provide a struc-
ture for assembling the evidence and arguments in support of the main hypotheses
or propositions. A logical hypothesis hierarchy (or tree) links the root hypothesis to
lower level evidence and hypotheses. While developing a logical hypothesis tree is
somewhat subjective and involves expert judgments, the evidential judgments are
made at a lower level in the logical hierarchy. Essential judgments and opinions relat-
ing to the evidence and the arguments linking the evidence are thus made explicit,
lending structure and transparency to the assessment. To the extent that the logical
hypothesis hierarchy decomposes arguments and evidence to the most elementary
propositions, the sources of disagreement are easily illuminated and potentially min-
imized.

An issue of central importance for the use of scientific research in policymaking is
uncertainty management and elucidation of the elements of uncertainty. My paper
‘Reasoning about climate uncertainty’ describes several such approaches that com-
prehensively describe the pedigree and quality of the relevant data sets and meth-
ods and characterize uncertainty in a manner that covers the range from complete
numerical formalization of probabilities to ignorance, and includes the possibility of
unspecified but surprising events.23

The interface between climate science and policy

I first became caught up in the political debate about climate change following pub-
lication of our paper in 2005 relating hurricane intensity with global warming.24 The
uncanny timing of publication of this paper was three weeks after Hurricane Katrina
devastated New Orleans. While global warming was mentioned only obliquely in
the paper, the press focused on the global warming angle and a media and politi-
cal furore followed. My reflections on this were published in a paper entitled ‘Mixing
politics and science in testing the hypothesis that greenhouse warming is causing a
global increase in hurricane intensity’.25 In recent years, I have continued to investi-
gate the interface between climate science andpolicy, and have become increasingly
concerned about its dysfunction.
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In the 1990s, the world’s nations embarked on a path to prevent dangerous an-
thropogenic climate change by stabilization of the concentrations of atmospheric
greenhouse gases, whichwas codified by the 1992UN Framework Convention on Cli-
mate Change (UNFCCC) treaty.26 This objective has led to a focus on identifying hu-
man influences on climate, dangerous environmental and socio-economic impacts
of climate change, and stabilization of CO2 concentrations in the atmosphere. The
IPCC has become conflicted by its makeup and its mandate from the UN – to focus
on a change of climate that is attributed to human activity. If the IPCC found that
climate change was not being affected by human alteration of the atmosphere or
that it is not ‘dangerous,’ the UNFCCC would not need it to exist. Findings of ‘danger-
ous human-caused climate change’ seem inevitable with this framing of the climate
change problem and the mandate from policymakers.

In the early 1990s therewas belief in the feasibility of reducing uncertainties in cli-
mate science and climatemodels, and a consensus-seeking approachwas formalized
by the IPCC. Global climatemodels were elevated to a central role through investiga-
tions of climate change impacts and applications. Very substantial investments have
been made in further developing climate models, with the expectation that these
models will provide actionable information for policy makers.

The hope, and the potential, of climate models for providing actionable informa-
tion for policymakers have not been realized. With the failure of climate models to
reduce uncertainty about the sensitivity of the climate system to CO2 and the failure
to accurately simulate decadal and regional climate variability,27 we have arguably
reached the point of diminishing returns from this particular path of climate model-
ing – not just for decision support but also for scientific understanding of the climate
system. The climate modeling community, the funding agencies and policy makers
have locked themselves into a single climatemodeling framework that has been very
expensive in terms of funding and personnel.

An unintended consequence of this strategy is that there have been very few re-
sources left over for true climate model innovations and fundamental research into
climate dynamics and theory. Such research would not only support improved cli-
mate modeling systems, but would also lay the foundations for disruptive advances
in our understanding of the climate system and our ability to predict emergent phe-
nomena such as abrupt climate change. With climate science focusing on climate
model outputs rather than on climate dynamics and theory, we’ve lost a generation
of climate dynamicists. As a result, we are lacking the intellectual resources to un-
derstand important and challenging issues such as: the effects of the sun on climate,
the network of natural internal variability on multiple timescales, the mathematics
of extreme events, and predictability of a complex system characterized by spatio-
temporal chaos.

Decision makers needing regionally-specific climate change information are be-
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ing provided with either nothing or potentially misleading predictions from climate
models that are not fit for this purpose. Hoping and expecting to rely on information
from climate models about projected regional climate change to guide adaptation
responses has diverted attention from using observational, historical and paleocli-
matedata from the region todevelop thebasis for future scenarios. Further, increased
scientific focus on subseasonal (weeks) and seasonal (months) weather/climate fore-
casts28 could produce the basis for tactical adaptation practices with substantial so-
cietal benefits.

How andwhy didwe land between a rock and a hard place on the issue of climate
science? There are probably many contributing reasons, but the most fundamen-
tal and profound reason is arguably that both the problem and solution were vastly
oversimplified back in the early 1990s by the UNFCCC, who framed both the prob-
lem and the solution as irreducibly global in terms of human-caused global warm-
ing. This framing was locked in by a self-reinforcing consensus-seeking approach to
the science and a ‘speaking consensus to power’ approach for decision making that
pointed to a single course of policy action – radical emissions reductions.

The climate community has worked for more than two decades to establish a
scientific consensus on human-caused climate change, prematurely elevating a hy-
pothesis to a ruling theory. The IPCC’s consensus-seeking process and its links to
the UNFCCC emissions reduction policies have had the unintended consequence of
hyper-politicizing the science and introducing bias into both the science and related
decision-making processes. The result of this simplified framing of a wicked problem
is thatwe lack the kinds of information tomorebroadly understand climate variability
and societal vulnerabilities.

The politicization of climate science has contaminated academic climate research
and the institutions that support climate research, so that individual scientists and
institutions have become activists and advocates for emissions reductions policies.
Scientists with a perspective that is not consistent with the consensus are at best
marginalized (difficult to obtain funding and get papers published by ‘gatekeeping’
journal editors) or at worst ostracized by labels of ‘denier’ or ‘heretic.’

Policymakers bear the responsibility of the mandate that they give to panels of
scientific experts. In the case of climate change, the UNFCCC demanded of the IPCC
toomuch precision where complexity, chaos, disagreement and the level current un-
derstanding resists such precision. Asking scientists to provide simple policy-ready
answers for complex matters results in an impossible situation for scientists and mis-
leading outcomes for policymakers. Unless policymakers want experts to confirm
their preconceived bias, then expert panels should handle controversies and uncer-
tainties by assessing what we know, what we don’t know, and where the major un-
certainties lie.

Imagine if, circa 1990, the UN had framed the climate change problem in the fol-
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lowing way:
There are a number of causes of climate change, includingmanmade causes. Cli-
mate science should work to understand all causes of climate variability change
that are relevant on decadal to century timescales, and the impact of climate
variability and change on societies and ecosystems.

Such a framing would have arguably led to better understanding of the climate sys-
tem and a much more rational approach in developing policies related to reducing
our vulnerabilities to extreme weather and climate variations.

A better social problem-solving framework is needed for managing risk under
conditions of deep uncertainty, which employs a broader systems analysis and ex-
plicitly incorporates uncertainty to identify paths to a flexible, robust and economical
outcome. Social science research is needed to analyzeways of incorporating scientific
understanding with all of its uncertainties into decision making related to complex,
wicked problems.

The war on science

I read Chris Mooney’s book The RepublicanWar on Science 29 shortly after it was pub-
lished in 2005. It really resonated with me at the time, when I was in the midst of the
‘hurricanes and global warming war’. Although the book has ‘Republican’ in the title,
muchof the contentwas really about a bipartisanwar on science. The ‘war on science’
is being fought on two fronts: politicians ignoring science; and using bad science to
justify a political agenda. The notion of ‘war of science’ is also about the naivete of
scientists regarding the role of science and evidence in policy making.30

With the advent of the Trump administration, concerns about ‘war on science’
have become elevated, with a planned March for Science on 22 April 2017.31 Why
are scientists marching?32 The scientists’ big concern is ‘silencing of facts’. This con-
cern apparently derives from their desire to have their negotiated ‘facts’ – such as
the IPCC consensus on climate change – dictate public policy. These scientists also
fear funding cuts and challenges to the academic scientific community and the elite
institutions that support it.

The ‘war on science’ that I ammost concernedabout is thewar fromwithin science
– scientists and theorganizations that support sciencewhoare playingpower politics
with their expertise andpassingoff their naïve notions of risk andpolitical opinions as
science. When the IPCC consensus is challenged or the authority of climate science in
determining energy policy is questioned, these activist scientists and organizations
call the questioners ‘deniers’ and claim ‘war on science.’ These activist scientists seem
less concerned with the integrity of the scientific process than they are about their
privileged position and influence in the public debate about climate and energy pol-
icy. They do not argue or debate the science – rather, they denigrate scientists who
disagreewith them. These activist scientists and organizations are perverting the po-
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litical process and attempting to inoculate climate science from scrutiny – this is the
real war on science.

Conclusion

In the midst of disagreement among policy makers about the response to climate
change, climate science has been caught in the crossfire. Challenges to climate re-
search have been exacerbated by unreasonable expectations from policymakers, as
well as by the behavior of climate scientists and professional societies who are using
their professional expertise and preferred political outcomes as the basis for attempt-
ing to pervert the political process and inoculate climate science from scrutiny and
debate.

My concern is that the integrity and objectivity of climate research is being com-
promised. As a result, we have oversimplified the climate change problem and its
solutions. This oversimplification has:

• biased scientific research through politicization and funding priorities.

• undercut the political process and dialog necessary for real solutions in a highly
complex world.

We need to rethink the social contract between scientists and government, and de-
velop a newmodel for policy-relevant science. This is needed to ensure the integrity
of science and to improve the basis for science to inform the policy process. Here are
some recommendations:

1. Embrace science as an iterative process, not a collection of ‘facts’. Scientists that
engage the public across the political spectrum and invite them to engage in
the process of science can help build public support for science.

2. New incentive structures for scientists working in fields that are policy relevant
can focus on careful management of bias and uncertainty, public engagement,
responsible interactionswith themedia, and participation in the policy process
as an honest broker.

3. Scientists interested in engaging with the policy process need a much better
understanding of the policy process, the role that science plays, and how com-
plexity, pluralismanduncertainty in science is accommodated in thepolicypro-
cess.

4. Scientists need better guidelines on the ethical implications of using their ex-
pertise for political purposes and a code of conduct for communicating uncer-
tainty and responsibilities for making public statements related to their exper-
tise.

5. Bias and advocacy by institutions such as professional societies is a major con-
cern for the integrity of science.
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6. For policy-relevant science and regulatory science, more formal methods of
uncertainty characterization and management should be used in scientific re-
search and assessments.

7. For policy-relevant and/or regulatory science where there is substantial uncer-
tainty or disagreement about key conclusions, a Red Team or Team B approach
for assessments can clarify the strength of the arguments and key areas of dis-
agreement. Avoid consensus-seeking approaches.

8. Narrow framing of research priorities on topics where there are widespread un-
certainties and debate can bias the research. Funding for Red Team or Team B
approaches would help overcome such systematic biases.

9. Funding priorities in climate research that support observing systems (surface
and satellite-based), fundamental climate dynamics research and research to
improve short-term climate predictions (sub-seasonal to interannual) would
support improved climate models and lay the foundations for disruptive ad-
vances in our understanding of the climate system and our ability to predict
emergent phenomena such as abrupt climate change.

10. Abetter social problem-solving framework that employs abroader systemsanal-
ysis and explicitly incorporates uncertainty can provide paths to flexible, robust
and economical outcomes.

I’m hoping that these recommendations and this hearing will open up a dialogue on
how the federal government can better support research into the complex climate
system that in turn supports improved policy outcomes in reducing our vulnerability
to climate variability.
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2 Testimony of Professor John Christy

Summary

‘Science’ is not a set of facts but a process or method that sets out a way for us to dis-
cover information andwhich attempts to determine the level of confidencewemight
have in that information. In the method, a ‘claim’ or ‘hypothesis’ is stated such that
rigorous tests might be employed to test the claim to determine its credibility. If the
claim fails a test, the claim is rejected or modified then tested again. When the ‘sci-
entific method’ is applied to the output from climate models of the Fifth Assessment
of the UN’s Intergovernmental Panel on Climate Change (IPCC AR5), specifically the
bulk atmospheric temperature trends since 1979 (a key variablewith a strong andob-
vious theoretical response to increasing GHGs in this period), I demonstrate that the
consensus of the models fails the test to match the real-world observations by a sig-
nificant margin. As such, the average of the models is considered to be untruthful in
representing the recent decades of climate variation and change, and thus would be
inappropriate for use in predicting future changes in the climate or for related policy
decisions.

The IPCC inadvertently provided information that supports this conclusion by

• showing that the tropical trendsof climatemodelswith extragreenhousegases
failed to match actual trends

• showing that climate models without extra greenhouse gases agreed with ac-
tual trends.

A report of which I was a co-author demonstrates that a statistical model that uses
only natural influences on the climate also explains the variations and trends since
1979without the need of extra greenhouse gases. While such amodel (or any climate
model) cannot ‘prove’ the causes of variations, the fact that its result is not rejected
by the scientificmethod indicates it should be consideredwhen trying to understand
why the climate does what it does. Deliberate consideration of the major influences
by natural variability on the climate has been conspicuously absent in the current
explanations of climate change by the well-funded climate science industry.

One way to aid Congress in understanding more of the climate issue than what
is produced by biased ‘official’ panels of the climate establishment is to organize and
fund credible ‘red teams’ that look at issues such as natural variability, the failure of cli-
mate models and the huge benefits to society from affordable energy, carbon-based
and otherwise. I would expect such a teamwould offer to Congress some very differ-
ent conclusions regarding the human impacts on climate.
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Introduction

I am John R. Christy, Distinguished Professor of Atmospheric Science, Alabama’s State
Climatologist and Director of the Earth System Science Center at The University of Al-
abama inHuntsville. I have served as 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 Meteoro-
logical Society.

It is a privilege for me to offer my analysis of the current situation regarding at-
mospheric temperature datasets andwhether the traditional scientificmethod using
these datasets has been applied in climate science regarding the pronouncements
about climate change used in policy. I addressed other aspects of climate change in-
cluding extreme events, crop production, impact of regulation (there is none on the
climate) and data confidence in my last Senate1 and House2 appearances.

My research area might be best described as building datasets from scratch to
advance our understanding ofwhat the climate is doing andwhy – an activity I began
as a teenager over 50 years ago. I have used traditional surface observations as well
as measurements from balloons and satellites to document the climate story. Many
of our UAH datasets, generated by myself and UAH colleagues Drs Roy Spencer and
W. Daniel Braswell, are used to test hypotheses of climate variability and change.

Applying the scientific method to climatemodels from the IPCC
AR5

Inmy last appearancebefore this committee3 I addressed the active campaignof neg-
ative assertions made against the various sources of data we use tomonitor the tem-
perature of the bulk atmosphere. I demonstrated that the main assertions were in-
correct and thatwe can have confidence in the observations and one reasonwas that
wenowhave several independent sources fromaround theworldprovidingdatawith
which to inter-compare. In this testimony I shall focus on the temperature of the bulk
atmospheric layer from the surface to about 50,000 ft – a layerwhich is often called by
its microwave profile name ‘TMT’ (temperature ofmid-troposphere). This layer is par-
ticularly important because it captures the atmospheric region that is anticipated to
warm rapidly and unambiguously if greenhouse theory is well-understood. As such,
if the impact of extra greenhouse gases (GHGs) is to be detected, it should be de-
tected here. In Figure 1 I show an example from a climate model simulation4 of the
anticipated temperature change for the period 1979–2016.

Figure 1 indicates that, according to theory, the tropical region should have ex-
perienced significant warming over the past 38 years due to extra GHGs. (There were
102model runs to check and they all indicated awarming tropical atmosphere, but to
different degrees, as shown later.) To test this result we follow the traditional scientific
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Figure 1: Temperature trends (°C/decade) for 1979–2016 of the cross-section of the
atmosphere as simulated by the Canadian Climate Model.

The tropical band (20°S–20°N) is outlined for the bulk layer (surface to 50,000 ft) that
represents the microwave TMTmeasurement (temperature of mid-troposphere). This

outlined-layer is the region of prominent warming for the 1979–2016 period as
depicted in all models and thus is the region to examine relative to observations.

Figure by Rob Junod, UAH.

method inwhich a claim (hypothesis) ismade and then is tested against independent
information to see if the claim can be sustained or whether it is falsified. If the claim
is confirmed, then we generally look for another test to confirm the claim again. If
many tests are consistent with the claim, then we may have confidence in it. If the
claim fails a test, we look for reasons why and modify or reject the original claim and
start over. Since the thrust of this hearing is to see how the scientific method was
or was not applied in the pronouncements about climate science, this will serve as
an excellent example because it deals with a foundational climatemetric that should
reveal significant change if theory is correct: the temperature of the bulk atmosphere.
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Observational data used to test climatemodels

Recall that the results from climatemodels are simply hypotheses (claims) about how
the climate should have evolved in the past. The claim here is: ‘the bulk atmospheric
temperature trend since 1979 of the consensus of the IPCCAR5 climatemodels repre-
sents the actual trend since 1979’. (1979 is the beginning of the satellite temperature
era.) To test this claim we compare the TMT model trends against TMT from several
observational datasets. The first type of observational datatset is built from satellites
that directly measure the bulk atmospheric temperature through the intensity of mi-
crowave emissions. These data are essentially global in coverage and monitor the
Earth everyday. There are three sources, UAH (University of Alabama in Huntsville),
RSS (Remote Sensing Systems, San Rafael, CA) and NOAA.

The second type of measurement is produced from the ascent of balloons that
carry various instruments including thermistors, which monitor the air temperature
as the balloon rises through this layer. From these measurements a value equiva-
lent to the satellite TMT profile is calculated. Balloon stations are not evenly spaced
throughout the Earth, but because the upper air is muchmore horizontally coherent
in its features than the surface, a few balloons can represent a very large area in terms
of temperature variability. The sources of these balloon datasets are RAOBCORE and
RICH (University of Vienna, Austria), NOAAandUNSW (University of NewSouthWales,
Australia).

Finally,majorweather centers around theworldgenerate atmospheric conditions,
every sixhoursor soof theentire Earth atmanyvertical levels, called reanalyses. These
products use many sources of data, including satellites and balloons, and merge the
observations with a continuously running general circulation model. From the infor-
mation at the vertical levels the TMT quantity is generated for an apples-to-apples
comparison with models, satellites and balloons. The sources of the reanalyses are
ERA-I (European Centre forMedium-RangeWeather Forecasts (ECMWF) – ReAnlaysis-
Interim), NASA-MERRAv2 and JRA-55 (Japan ReAnalyses). These three types of sys-
tems – satellites, balloons and reanalyses – represent very different means of com-
puting the bulk atmospheric temperature and are provided by independent, inter-
national entities, giving us confidence in the observational results.

Testing the claim: applying the scientific method

In Figure 2 we show the evolution of the tropical TMT temperature since 1979 for
102 climate model runs grouped in 32 curves by institution. Some institutions con-
tributed a single simulation, others as many as 18. Multiple runs from a single institu-
tion’s model category were averaged into a single time series here. The curves show
the temperature evolution of the atmosphere in the tropical box shown in Figure 1.
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Figure 2: Five-year averaged values of annual mean (1979–2016) tropical bulk TMT
as depicted by the average of 102 IPCC CMIP5 climatemodels (red) in 32 institutional
groups (dotted lines).

The 1979–2016 linear trend of all time series intersects at zero in 1979. Observations
are displayed with symbols: green circles, average of 4 balloon datasets; blue squares, 3
satellite datasets; purple diamonds, 3 reanalyses. See text for observational datasets

utilized. The last observational point at 2015 is the average of 2013–2016 only, while all
other points are centered 5-year averages.

Here we have climate model results (i.e. ‘claims’ or ‘hypotheses’) to compare with
observational datasets in a test to check whether the model average agrees with the
observed data. We test themodel average because it represents the consensus of the
theoretical models and is used to develop policy, and is embodied in policy-related
products such as the social cost of carbon, the National Climate Assessment and the
EPA Endangerment Finding.

I provided model and observational information as annual temperature anoma-
lies (both tropical and global) to Dr Ross McKitrick (University of Guelph) who has
published extensively as an applied econometrician on the application of statistical
techniques to the testing of climate hypotheses. He applied the Vogelsang–Franses
F-test method to these data.5 This method is particularly suitable for determining
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whether the trends of two time series are equivalent or significantly different. The re-
sult found in their 2010 paper indicatedmodel trends were significantly warmer than
observations for the earlier datasets available at that time.

What we are really testing here are the rates of warming depicted by the models
and the observations for the period 1979–2016. I have simplified a depiction of the
test in Figure 3, so that the rate of warming is directly viewed, showing what the test
is measuring. The basic test question is, ‘Is the red line significantly different from

Figure 3: The linear trends of the average of the climate model simulations (red) and
the averages of the three types of observational datasets described in the text.

the others?’ The results are shown in Table 1; there is no equivalence between the
model average trend and the observational datasets whenever the value of the test
is greater than 84 at the <1% level. As shown, all test values exceed 84, and thus the
mean model trend is highly significantly different from the observations. The scien-
tific conclusion here, if one follows the scientific method, is that the average model
trend fails to represent the actual trend of the past 38 years by a highly significant
amount. As a result, applying the traditional scientificmethod, onewould accept this
failure and not promote the model trends as something truthful about the recent
past or the future. Rather, the scientist would return to the project and seek to un-
derstand why the failure occurred. The most obvious answer is that the models are
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Table 1: Test for equivalence between the 1979–2016 trend of themean of 102 CMIP-
5 climate model simulations and the trends of various observational datasets.

Tropics Global
Trend Test value Trend Test value

Balloons +0.102 259 +0.111 165
Satellites +0.136 104 +0.117 149
Reanalyses +0.104 157 +0.123 87
Average all +0.113 187 +0.117 158

CMIP5 models +0.274 +0.216
Non-equivalence at the 99% confidence level is indicated by test values greater than 84, shown in red.

simply too sensitive to the extra GHGs that are being added to both the model and
the real world.

We do not use surface temperature as a testable metric because models, to vary-
ing degrees, are tuned to agree with the surface temperature observations already
– that is, they’ve been given the answer ahead of time – thus a comparison of the
surface would not be a valid scientific test.6

The IPCC AR5 (2013) displayed a similar result: themodels failed

Oddly enough, such an important result (i.e. that models fail the test of representing
the real-world bulk temperature trend) was available to see in the most recent IPCC
AR5. Unfortunately, it was buried in the Supplementary Material of Chapter 10 with-
out comment. In Figure 4, I present the figure that appeared in this IPCC section. I
was a reviewer (a relatively minor position in that report) in the AR5 and had insisted
that such a figure be shown in themain text because of its profound importance, but
the government-appointed lead authors decided against it. They opted to place it in
the Supplementary Material, where little attention would be paid, and to fashion the
chart in such away as tomake it difficult to understand and interpret. I have taken the
same information in Figure 4 (the IPCC’s AR5 Fig. 10.SM.1) and simplified the presen-
tation so as to be clearer; see Figure 5. The trends here represent trends at different
levels of the tropical atmosphere from the surface up to 50,000 ft. The gray lines are
the bounds for the range of observations, the blue for the range of IPCCmodel results
without extra GHGs and the red for IPCC model results with extra GHGs.

What is immediately evident is that the model trends in which extra GHGs are
included lie completely outside of the range of the observational trends, indicating
again that the models, as hypotheses, failed a simple ‘scientific-method’ test applied
to this fundamental climate-change variable. That this information was not clearly
and openly presented in the IPCC is evidence of a political process that was not rep-

25



Figure 4: Figure 10.SM.1 of the IPCC AR5 Supplementary Material for Chapter 10.

These are trends (1979–2010) for various vertical levels of the atmosphere from:
(a) observations (gray band – difficult to see); (b) models without extra GHGs (blue

band); (c) models with extra GHGs and other forcings (red band). The lower portion of
the tropical chart (second panel from left) is simplified in Figure 5 and used for the

following discussion.

resentative of the dispassionate examination of evidence as required by the scientific
method. Further, (and this took guts) the IPCC then claimedhigh confidence in know-
ingwhy the climate evolved as it did over the past few decades (humans as the main
cause) ignoring the fact the models on which that claim was based had failed an ob-
vious and rather easy-to-perform validation test. Incredibly, what Figure 5 shows is
that the bulk tropical atmospheric temperature change is modeled best when no ex-
tra GHGs are included – a direct contradiction to the IPCC conclusion that observed
changes could only be modeled if extra GHGs were included.
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Figure 5: Simplification of IPCC AR5 figure shown in Figure 4 above.

The colored lines represent the range of results for the models and observations. The
key point displayed is the lack of overlap between the GHGmodel results (red) and the
observations (gray). The non-GHGmodel runs (blue) overlap the observations almost

completely.

A simple statistical model that passed the same ‘scientific
method’ test

The IPCC climate models performed best versus observations when they did not in-
clude extra GHGs, and this result can be demonstrated with a statistical model as
well. I was co-author of a report which produced such an analysis.7 In this report
we examine annual estimates from many sources of global and tropical deep-layer
temperatures since 1959 and since 1979, utilizing explanatory variables that did not
include rising carbon dioxide concentrations. We applied the model to estimates of
global and tropical temperature from the satellite and balloon sources, individually,
as shown in Figure 2. The explanatory variables are those that have been known for
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decades, such as indices of El Niño-Southern Oscillation (ENSO), volcanic activity, and
solar activity.8 One of the ENSO explanatory variables was the accumulatedMEI (Mul-
tivariate ENSO Index,9 in which the index was summed through time to provide an
indication of its accumulated impact. This ‘accumulated-MEI’ was shown to be a po-
tential factor in global temperatures by Spencer and Braswell,10 Interestingly, later
work has shown that this ‘accumulated-MEI’ has virtually the same impact as the ac-
cumulated solar index, both of which generally paralleled the rise in temperatures
through the 1980s and 1990s and the slowdown in the 21st century. Thus our report
would have the same conclusion with or without the ‘accumulated-MEI.’

The basic result of this report is that the temperature trend of several datasets
since 1979 can be explained by variations in the components that naturally affect
the climate, just as the IPCC inadvertently indicated in Figure 5. The advantage of
the simple statistical treatment is that the complicated processes, such as clouds,
ocean-atmosphere interaction, aerosols, etc., are implicitly incorporated by the statis-
tical relationships discovered from the actual data. Climate models attempt to calcu-
late these highly non-linear processes from imperfect parameterizations (estimates),
whereas the statistical model directly accounts for them since the bulk atmospheric
temperature is the response-variable these processes impact. It is true that the statis-
tical model does not knowwhat each sub-process is or how eachmight interact with
other processes. But it alsomust bemade clear: it is an understatement to say that no
IPCC climatemodel accurately incorporates all of the non-linear processes that affect
the system. I simply point out that because the model is constrained by the ultimate
response variable (bulk temperature), these highly complex processes are included.

The fact that this statisticalmodel explains 75–90%of the real annual temperature
variability, dependingondataset, using these influences (ENSO, volcanoes, solar) is an
indication the statistical model is useful. In addition, the trends produced from this
statistical model are not statistically different from the actual data (i.e. passing the
‘scientific-method’ trend test, which assumes the natural factors are not influenced
by increasing GHGs). This result promotes the conclusion that this approach achieves
greater scientific (and policy) utility than elaborate climatemodels, which on average
fail to reproduce the real world’s global average bulk temperature trend since 1979.

The over-warming of the atmosphere by the IPCC models relates to a problem
the IPCC AR5 encountered elsewhere. In trying to determine the climate sensitivity,
which is how sensitive the global temperature is relative to increases in GHGs, the
IPCC authors chose not to give a best estimate. (A high climate sensitivity is a foun-
dational component of the last administration’s social cost of carbon.) The reason?
Climate models were showing about twice the sensitivity to GHGs of calculations
based on real, empirical data. I would encourage this committee, and our govern-
ment in general, to consider empirical data, not climate model output, when dealing
with environmental regulations.
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Red teams needed because consensus science is not science

One way for Congress to receive better (less biased) information about claims of climate
science is to organize ‘red teams’, as is done in other parts of government and industry
when critical systems, programs or infrastructure are under consideration. I have dis-
cussed this idea is several previous congressional hearings. I include here the section de-
scribing red teams from my testimony on 20 September 2012 before the Subcommittee
on Energy and Power of the House Committee on Energy and Commerce.

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 In-
teracademy Council in June 2010, wrote in Nature that same year,11 and documented
inmywritten House Testimony last year,12 the IPCC and other similar assessments do
not represent forme a consensus ofmuchmore than the consensus 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 opinion and information, rather than brokers. The voices of
those of uswhoobject to various statements and emphases in these assessments are,
by and large, dismissed rather than accommodated. This establishment includes the
same individuals who become the ‘experts’ called on to promote IPCC claims in gov-
ernment reports, such as the Endangerment Findingby the Environmental Protection
Agency. As outlined inmyHouse testimony,13 these ‘experts’ become the authors and
evaluators of their own research relative to researchwhich challenges their work. But
with the luxury of having the ‘last word’ as ‘expert’ authors of the reports, alternative
views vanish.

I’ve often stated that climate science is a ‘murky’ science. We do not have lab-
oratory methods of testing our hypotheses as many other sciences do. As a result,
what passes for science includes opinion, arguments-from-authority, dramatic press
releases, and fuzzy notions of consensus generated by preselected groups. This is not
science.

I noticed theHouse passed an amendment last year to de-fund the IPCC.We know
from the Climategate emails andmany other sources that the IPCC has had problems
with those who take different positions on climate change than what the IPCC pro-
motes. There is another way to deal with this, however. Since the IPCC activity is
funded by US taxpayers, I propose that 5–10% of the funds be allocated to a group of
well-credentialed scientists to produce an assessment that expresses legitimate, al-
ternative hypotheses that have been (in their view) marginalized, misrepresented or
ignored in previous IPCC reports (and thus EPA and National Climate Assessments).
Such activities are often called ‘red team’ reports and are widely used in government
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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 scien-
tists who have experience in examining these issues. Some efforts along this line
have arisen from the private sector.14 I believe policymakers, with the public’s purse,
should actively support the assembling all of the information that is vital to address-
ing this murky andwicked 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:
• evidence for a low climate sensitivity to increasing greenhouse gases

• the role and importance of natural, unforced variability

• a rigorous and independent evaluation of climate model output

• a thorough discussion of uncertainty

• a focus on metrics that most directly relate to the rate of accumulation of heat
in the climate system

• analysis of the many consequences, including benefits, that result from CO2 in-
creases

• the importance that affordable and accessible energy has to human health and
welfare.

What this proposal seeks is to provide to Congress and other policymakers a par-
allel, scientifically-based assessment regarding the state of climate science, which ad-
dresses issues that heretofore have been un- or under-represented by previous tax-
payer funded, government-directed climate reports. In other words, our policymak-
ers need to see the entire range of findings regarding climate change.

In summary

‘Science’ is not a set of facts but a process or method that sets out a way for us to dis-
cover information andwhich attempts to determine the level of confidencewemight
have in that information. In the method, a ‘claim’ or ‘hypothesis’ is stated such that
rigorous tests might be employed to test the claim to determine its credibility. If the
claim fails a test, the claim is rejected or modified then tested again. When the ‘scien-
tificmethod’ is applied to theoutput fromclimatemodels of the IPCCAR5, specifically
the bulk atmospheric temperature trends since 1979 (a key variablewith a strong and
obvious theoretical response to increasing GHGs in this period), I demonstrate that
the consensus of the models fails the test to match the real-world observations by a
significant margin. As such, the average of the models is considered to be untruthful
in representing the recent decades of climate variation and change, and thus would
be inappropriate for use in predicting future changes in the climate, or for related
policy decisions.
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The IPCC inadvertently provided information that supports this conclusion by:

• showing that the tropical trendsof climatemodelswith extragreenhousegases
failed to match actual trends

• showing that climate models without extra greenhouse gases agreed with ac-
tual trends.

A report of which I was a co-author demonstrates that a statistical model that uses
only natural influences on the climate also explains the variations and trends since
1979without the need of extra greenhouse gases. While such amodel (or any climate
model) cannot ‘prove’ the causes of variations, the fact that its result is not rejected
by the scientificmethod indicates it should be consideredwhen trying to understand
why the climate does what it does. Deliberate consideration of the major influences
by natural variability on the climate has been conspicuously absent in the current
explanations of climate change by the well-funded climate science industry.

One way to aid congress in understanding more of the climate issue than what
is produced by biased ‘official’ panels of the climate establishment is to organize and
fund credible ‘red teams’ that look at issues such as natural variability, the failure of cli-
mate models and the huge benefits to society from affordable energy, carbon-based
and otherwise. I would expect such a teamwould offer to Congress some very differ-
ent conclusions regarding the human impacts on climate.
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3 Testimony of Professor Michael Mann

Mr Chairman, and members of the Committee. My name is Michael Mann. I am Dis-
tinguished Professor of Atmospheric Science at Penn State University, andDirector of
the Penn State Earth System Science Center. My research involves the use of climate
models, the analysis of empirical climate data, and developing methods for compar-
ing observations and model predictions. The primary focus of my research is under-
standing the long-term behavior of the climate system, and determining the roles of
various potential agents of climate change, both natural and human.

I have served as organizing committee chair for theNational Academy of Sciences
Frontiers of Science, and as the co-author or advisor for several National Academy of
Sciences reports related to climate change. I have served as editor for the Journal
of Climate of the American Meteorological Society and have served as a member of
numerous other international and US scientific working groups, panels and steering
committees. I was awarded the Hans Oeschger Medal of the European Geophysical
Union in 2012 and received the Friend of the Planet Award from the National Cen-
ter for Science Education in 2014. I am a Fellow of the American Geophysical Union,
the AmericanMeteorological Society, and the American Association for the Advance-
ment of Science. I have authored more than 200 publications, and several books in-
cluding Dire Predictions: Understanding Climate Change, The Hockey Stick and the Cli-
mate Wars and The Madhouse Effect: How Climate Change Denial Is Threatening Our
Planet, Destroying Our Politics, and Driving Us Crazy with Tom Toles, the Pulitzer Prize-
winning editorial cartoonist for theWashington Post.

Let me first comment aboutwhy I went into science. I was fascinated by the natu-
ral world as a child and wanted to devote my life to understanding it. This led me on
a lifelong journey of scientific discovery that is every bit as thrilling to me today as it
was as a child. When the science has broader societal importance, that’s icing on the
cake.

Earlier thisweek, for example,my colleagues and I published a study in the journal
Scientific Reports using a combination of observations and climatemodel simulations
to demonstrate a linkage between climate change and jet stream behavior linked to
extreme, persistent weather events like the 2011 Texas and Oklahoma drought and
the 2015 California wildfires. Continuing to pose questions and to seek to answer
them using scientific tools and observations – that’s what I truly love doing.

But I’m here today because I’m also passionate about communicating what we
know to the public and to policymakers. I have become convinced that no pursuit
could bemore noble. So about this hearing: It is important tomake clear at the outset
that there is extremely broad agreement among the world’s scientists on the basic
facts of human-caused climate change. The US National Academy of Sciences, the
Royal Society of theUK, and all of the scientific societies1 of all of the industrial nations
– the more than 30 scientific societies2 in the US that have weighed in on the matter,
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and at least 97%3 of scientists publishing in the field have all concluded, based on the
evidence, that climate change is real, is human-caused, and is already having adverse
impacts on us, our economy, and our planet.

Yet we find ourselves at this hearing today, with three individuals who represent
that tinyminority that reject this consensus or downplay its significance, andonly one
–myself – who is in themainstream. That’s 25%, a far cry from the 97–99% figure that
actually characterizeswhere theworld’s scientists stand on this issue. This creates the
illusionof a debate that does not exist. This is not an auspicious start for a hearing that
purports to be examining science rather than antiscience, fact rather than fiction.

I coined the term ‘Serengeti Strategy’ back in 2012 in The Hockey Stick and the
Climate Wars 4 to describe how industry special interests who feel threatened by sci-
entific findings – be it tobacco and lung cancer, or fossil fuel burning and climate
change – single out individual scientists to attack in much the same way lions of the
Serengeti single out an individual zebra from the herd. In numbers there is strength,
but individuals are far more vulnerable. Science critics will therefore often select a
single scientist to ridicule, hector, and intimidate. The presumed purpose is to set an
example for other scientists whomight consider sticking their neck out by participat-
ing in the public discourse over certain matters of policy-relevant science.

I should know. I’ve found myself5 at the center of such episodes more than once,
as a result of the iconic ‘Hockey Stick’ that my co-authors and I published in the late
1990s that demonstrates the unprecedented nature of recent warming. While the
hockey stick is hardly the basis6 of the case for human-caused climate change, the
visually compelling character of the graphic has made it – and indeed, me – a target
of climate change deniers for years.

In October 2003 just days before a critical US Senate resolution to acknowledge
the threat of human-caused climate change, an ‘article’ was published by climate
change-denial friendly ‘journal’ that engaged in dubious attacks on the hockey stick.
A fossil fuel industry front group published an op-ed trumpeting the specious criti-
cisms in USA Today on the morning of the Senate vote. Senator James Inhofe of ‘cli-
mate change is the greatest hoax7 ever perpetrated on the American people’ infamy
happily trumpeted the article during the Senate floor debate. While the critique on
the hockey stick would soon be summarily dismissed,8 it served the short-term pur-
pose of hijacking the discussion. The bill did not pass.

In 2005, as the House of Representatives was considering energy and climate leg-
islation, Joe Barton (R-TX), Chair of the House Energy and Commerce Committee and
a leading recipient of fossil fuel money engaged in what was widely condemned as
a ‘witch-hunt’9 against me and my Hockey Stick co-authors. Barton demanded all of
my personal emails and correspondence with other scientists, and numerous other
materials, in an apparent effort to find something, anything, he could use to try to dis-
credit the iconic Hockey Stick. In the cynicalminds of our critics, discrediting ourwork
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would somehow undermine the entire case for concern over human-caused climate
change.

On the eve of the Copenhagen UN climate summit of December 2009 – seen
as the greatest opportunity yet for an international agreement to limit greenhouse
gas emissions – a trove of emails, including many of my own, had been stolen, and
combed through forwords andphrases (like ‘trick’ – a completely appropriate term in
science for a clever approach) that might seem embarrassing or even damning. The
out-of-context snippets were posted on climate change deniers’ websites and then
spread through right-wing blogs and news sites. Soon even mainstream news orga-
nizations were credulously parroting the denialist narrative that a few stolen emails
somehow called into question the fundamental evidence behind human-caused cli-
mate change, a result of nearly two centuries10 of scientific research. I and a small
number of other leading climate scientists found ourselves at the very center of the
smear campaign.

At least 10 investigations and reviewshaveestablished11 that therewasnowrong-
doing on the part of the scientists (indeed, the only wrongdoing was the criminal
theft of the emails in the first place). The vindications, however, occurred long after
fossil fuel interests and those doing their bidding had the opportunity to sabotage
efforts to reach an international agreement limiting carbon emissions (Oil-rich Saudi
Arabia, for example, insisted12 in Copenhagen that the stolen emails justified opposi-
tion to any agreement to limit carbon emissions; Russia also appears to have played
some role in the hacking and/or dissemination of the emails).

We now have the latest in this perpetual series of bad-faith assaults on climate
science, and the story is eerily familiar. The attacks, as always, have focused on a par-
ticular individual – in this case, Tom Karl,13 the recently retired Director of NOAA’s
National Climatic Data Center and a scientist for whom I have the deepest respect.

For proper context, we must consider the climate denial myth du jour that global
warming has ‘stopped’. Like most climate denial talking points, the reality is pretty
much the opposite of what is being claimed by the contrarians. All surface temper-
ature products, including the controversial UAB satellite temperature record, show
a clear long-term warming trend over the past several decades (Figure 1). We have
now broken the all-time global temperature record for three consecutive years14 and
a number of published articles have convincingly demonstrated that global warm-
ing has continued unabated despite when one properly accounts for the vagaries of
natural short-term climate fluctuations. A prominent such study15 was published by
Tom Karl and colleagues in 2015 in the leading journal Science. The article was widely
viewed as the final nail in the ‘globe has stopped warming’ talking point’s coffin. Last
month, opinion writer David Rose of the British tabloid the Daily Mail – known for16

his serialmisrepresentations of climate change and his serial attacks on climate scien-
tists – published a commentary17 online attacking Tom Karl, accusing him of having
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Figure 1: Comparison of the various surface or lower atmospheric temperature
records during past few decades (graph by Peter Jacobs of GeorgeMasonUniversity).

‘manipulated global warming data’ in the 2015 Karl et al article. This fake news story
was built entirely on an interview with a single disgruntled former NOAA employee,
John Bates, who had been demoted from a supervisory position at NOAA for his in-
ability to work well with others.

Bates’ allegations were also published on the blog of climate science denier Ju-
dith Curry (I use the term carefully – reserving it for those who deny the most basic
findings of the scientific community, which includes the fact that human activity is
substantially or entirely responsible for the large-scale warming we have seen over
the past century – something Judith Curry18 disputes19). That blog post and the Daily
Mail storyhavenowbeen thoroughlydebunkedby theactual scientific community.20

The Daily Mail claim that data in the Karl et al. Science article had been manipulated
was not supported by Bates. When the scientific community pushed back on the un-
tenable ‘datamanipulation’ claim, noting that other groups of scientists had indepen-
dently confirmed21 Karl et al’s findings, Bates clarified that the real problem was that
data had not been properly archived and that the paper was rushed to publication.
These claims too quickly fell apart.

Though Bates claimed that the data from the Karl et al study was ‘not inmachine-
readable form’, independent scientist Zeke Hausfather, lead author of a study22 that
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accessed the data and confirmed its validity, wrote in a commentary23 ‘. . . for the life of
me I can’t figure out what that means. My computer can read it fine, and it’s the same
format that other groups use to present their data’. As for the claim that the paperwas
rushed to publication, Editor-in-chief of Science Jeremy Berg says, ‘With regard to the
“rush” to publish, as of 2013, the median time from submission to online publication
by Science was 109 days, or less than fourmonths. The article by Karl et al. underwent
handling and review for almost six months. Any suggestion that the review of this
paper was ‘rushed’ is baseless and without merit. Science stands behind its handling
of this paper, which underwent particularly rigorous peer review.’

Shortly after theDailyMail article went live, a video attacking Karl (andNOAA and
evenNASA for goodmeasure)was postedby theWall Street Journal. Within hours, the
Daily Mail story spread like a virus through the right-wing blogosphere, appearing
on numerous right-wing websites and conservative news sites. It didn’t take long for
the entire Murdoch media empire in the US, UK and elsewhere to join in, with the
execrable Fox News for example alleging24 Tom Karl had ‘cooked’ climate data and,
with no sense of irony, for political reasons.

Rep. Lamar Smith (R-TX), chair of this committee has a history25 of launching at-
tacks on climate science and climate scientists. He quickly posted a press release
praising theDailyMail article, placing it on the science committeewebsite, and falsely
alleging that government scientists had ‘falsified data’. Smith, it turns out, had been
planning a congressional hearing timed to happen just days after this latest dustup,
intended to call into question26 the basis for the EPA regulating carbon emissions.
His accusations against Karl and NOAA of tampering with climate data was used in
that hearing to claim that the entire case for concern over climate change was now
undermined.

Of course, even if the Karl study was completely wrong, it wouldn’t in any way
alter what we know about climate change. Just as our critics have intentionally ig-
nored the many independent studies reaffirming27 the ‘Hockey Stick’ curve in the
peer-reviewed scientific literature (see Figure 2), so too have Karl’s critics ignored that
his findings have been replicated and confirmed by other research groups publish-
ing in the peer-reviewed literature. That includes the study28 led by Zeke Hausfather
of the ‘Berkeley Earth’ project – a project funded in part by the Koch Brothers and
including29 as one of its original team members, climate change contrarian Judith
Curry. The authors showed that the Karl et al. estimates agree with the best available
independent estimates of ocean warming (see Figure 3). Lead author Hausfather has
stated30 that ‘The fact that the new NOAA record is effectively identical with records
constructed only from higher quality instruments (buoys, satellite radiometers, and
Argo floats) strongly suggests that NOAA got it right and that we have been under-
estimating ocean warming in recent years.’ Let me make some additional observa-
tions with regard to this latest episode. Climate contrarians like to accuse scientists
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Figure 2: PAGES 2k temperature reconstruction published by team of 78 scientists
around the world using themost widespread paleoclimate database to date (Ahmed
et al., Nature Geoscience, 2014) shown (green) along with the original Mann et al
1999 ‘Hockey Stick’ reconstruction (blue), and instrumental (HadCRUT4) temperature
record (red). Blue shading indicates uncertainty in theMann et al temperature recon-
struction (graph by Klaus Bitterman of Potsdam Institute for Climate Studies).

of understating uncertainty. Anyone who knows scientists and is familiar with sci-
entific research understands how absurd that accusation is. Scientists embrace the
concept of uncertainty, because it guides us – it informs our choices of what addi-
tional measurements to make and hypotheses to pursue. I would note that our 1999
‘Hockey Stick’ article that is so much maligned by climate change deniers, contained
the words ‘uncertainties’ and ‘limitations’ in the title. Let me also remind you that the
implications of scientific ‘uncertainty’ are rather different from what your contrarian
witnesses would like you to believe. Leading economists like Harvard’s Marty Weitz-
man have shown that31 uncertainty is most likely a reason for even more concerted
action to mitigate climate change because of what is known as the ‘heavy tail’ of the
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Figure 3: Global sea surface temperatures from the old NOAA record (ERSSTv3b), the
new NOAA record (ERSSTv4), and instrumentally homogenous records from buoys
and satellites. See Hausfather et al. (2017) for details, as well as comparisons with
shorter Argo-based records.

distribution of risk, namely the huge potential costs if the impacts turn out to be even
greater than predicted, something that appears to be the case nowwith the potential
rapid collapse32 of the West Antarctic Ice Sheet and the increased sea level rise that
will come with it.

Contrarians also falsely accuse scientists of conspiring to enforce ‘dogma’. But the
way scientists get articles in leading journals like Science or Nature is by demonstrat-
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ing something novel – something we didn’t already know, not by simply reiterating
what is known. And herein lies a conundrum for those attacking the Karl et al. study.
One of the articles seized upon in a previous hearing by Chairman Smith as a sup-
posed indictment of Karl et al. is a Nature Climate Change article33 (Fyfe et al 2016) on
which I was a co-author. As a co-author of this article, I can assure you that it in no
way calls into question the integrity of NOAA’s data, or the honesty of Tom Karl and
his colleagues, whom I hold in the highest esteem. We simply differed with them on
the best interpretation of the temperature record, demonstrating that the interpreta-
tion of whether or not there was a temporary slowdown in warming during the first
decade of the 21st century depends on precisely how the baseline warming trend is
defined.

Chairman Smith can’t have it both ways. This study can’t both be an indictment
of Tom Karl and colleagues and at the same time support the Chairman’s conspir-
acy theories about climate scientists colluding with each other and being compro-
mised by ‘groupthink’. What our Nature Climate Change piece actually demonstrates
is that there is indeed a robust, healthy, and respectful debate among scientists when
it comes to interpreting data and testing hypotheses. True scientists are skeptics
– real skeptics, contesting prevailing paradigms and challenging each other, in the
peer-reviewed literature, at scientific meetings, and in seminars – the proper chan-
nels for good faith scientific debate. That, of course, is inconvenient to the caricature
that Congressman Smith and his contrarians witnesses have sought to paint when it
comes to climate science and climate scientists.

While we’re at it, let me address another favorite talking point of the critics, the
claim that climatemodels we use to project future climate change are unreliable and
untested. The reality is that the models have been tested vigorously and rigorously
in numerous ways, and have passed a number of impressive tests in the past, such
as James Hansen’s famous successful predictions34 from the 1980s and 1990s. Let me
take the opportunity to bring your attention to one particular analysis35 that appears
in the latest issue ofNatureClimateChange. Back in 1989, legendary climate scientists
Ron Stouffer (a graduate of our program at Penn State I’m proud to say) and Suki
Manabe made a prediction not just of the average warming of the globe, but of the
precise global pattern of that warming. That pattern matches the observed pattern
of warming that has ensued remarkably well (see Figure 4).

When Iwas attackedby JoeBarton36 a littlemore thandecadeagoover thehockey
stick, at a timewhenbothhouses of Congress and thepresidencywere in thehandsof
Republicans, I found support in the hands of both the Bush Administration’s Office of
Science and Technology Policy, andmoderate, pro-science, pro-environment Repub-
licans in the Senate and House such as John McCain (R-AZ) and Sherwood Boehlert
(R-NY). Mr. Boehlert was the Republican Chairman of this Committee, the Science
Committee, at the time. Where are these good faith conservatives today? Why are
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they not speaking out against this latest abuse against science and reason? If they
fail to force their concerns, we must worry just how far down the antiscience rabbit
hole we’ll be going this time.

There is a worthy debate to be had about climate policy. And I am deeply appre-
ciative of the efforts of conservatives like Bob Inglis37 of South Carolina, former Rea-
gan administration officials James Baker and George Schultz,38 and Republican-led
groups like RepublicEN39 and the Niskanen Center40 to promote conservative solu-
tions to solving the climate problem. It is time for other Republicans to put aside the
antiscience and engage instead in the worthy debate to be had about how we solve
this great challenge to all of humanity.
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Figure 4: Pattern of warming predicted by climate model simulations performed
in1989 (top) compared with observed pattern (bottom) of warming (from Stouffer
and Manabe, Nature Climate Change, 2017).
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Biography of Michael E. Mann

Dr Michael E. Mann is Distinguished Professor of Atmospheric Science at Penn State
University, with joint appointments in the Department of Geosciences and the Earth
and Environmental Systems Institute (EESI). He is also director of the Penn State Earth
SystemScienceCenter (ESSC).DrMann receivedhis undergraduatedegrees inphysics
and Applied Math from the University of California at Berkeley, an M.S. degree in
physics from Yale University, and a PhD in Geology and Geophysics from Yale Uni-
versity. His research involves the use of theoretical models and observational data
to better understand Earth’s climate system. Dr Mann was a Lead Author on the Ob-
served Climate Variability and Change chapter of the Intergovernmental Panel on Cli-
mate Change (IPCC) Third Scientific Assessment Report in 2001 and was organizing
committee chair for the National Academy of Sciences Frontiers of Science in 2003. He
has received a number of honors and awards including NOAA’s outstanding publi-
cation award in 2002 and selection by Scientific American as one of the fifty leading
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and received the Friend of the Planet Award from the National Center for Science
Education. He is a Fellow of the American Geophysical Union, the American Meteo-
rological Society, and the American Association for the Advancement of Science. He
is also a co-founder of the award-winning science website RealClimate.org.

Dr Mann is author of more than 200 peer-reviewed and edited publications, and
has published three books including Dire Predictions: Understanding Climate Change,
The Hockey Stick and the Climate Wars and most recently, The Madhouse Effect with
Washington Post editorial cartoonist Tom Toles.
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4 Testimony of Professor Roger Pielke Jr

My testimony focuses on howmembers of Congress can better support scientific in-
tegrity in climate research and the steps thatmembers can take to avoid contributing
to the pathological politicization of science.

Take-home points

• Scienceoffers apowerful set ofmethods, evidence andanorientation to knowl-
edge that can be essential to effective decision making.

• The science and policy communities have together over many decades devel-
oped highly credible, legitimate and relevant mechanisms for the assessment
of the state of knowledge in any area of relevance to decision making.

• The legislative process is essential to awell-functioning democracy, but it is not
well suited to the reliable characterization of the overall state of knowledge on
a particular topic.

• How elected officials chose to utilize assessment and legislative processes for
characterizing knowledge has great influence over the degree towhich science
becomes pathologically politicized.

• Ultimately, on complex, political issues like climate policy, reaching agreement
on matters of science is neither necessary nor sufficient for policy action to oc-
cur.

My recent experiences where sciencemeets politics

Despite publishing many peer reviewed papers on a wide range of climate-related
topics with colleagues around the world and having my research included in the re-
ports of the Intergovernmental Panel for Climate Change (IPCC), 1 I experienced an
organized effort of delegitimization by members of Congress and the White House,
supported by their political allies in the media and in well-funded advocacy groups.
These efforts were successful in that they resulted in me re-orienting my academic
career away from climate-related research.

Here are some specifics of my experiences over the past few years:

• Several months after I testified before this committee in December, 2013, the
White House posted on its website a six-page essay by the President’s Science
Advisor, JohnHoldren,which claimed falsely thatmy testimonybefore this com-
mitteewas ‘not representative ofmainstreamviews on this topic in the climate-
science community’ and was ‘seriously misleading.’2
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• Science advisor Holdren’s false claims were put forward even though my testi-
mony was drawn from and consistent with themost recent reports of the IPCC.
I have for decades supported the scientific assessment process of the IPCC and
did so explicitly in my 2013 Congressional testimony.

• One year later, Congressman Raul Grijalva (D-AZ) opened a formal investiga-
tion of me and six other professors (three of us are testifying here today). In his
letter to my university’s president, Mr. Grijalva justified the investigation of me
by relying on the science advisor’s false claims: ‘John Holdren, director of the
White House Office of Science and Technology Policy, has highlighted what he
believes were serious misstatements by Prof. Pielke of the scientific consensus
on climate change,’ and cited Dr. Holdren’s essay on the White House website.3

• In his letter, Mr. Grijalva introduced another false implication – that I, and the
other academics, had ‘potential conflicts of interest and failure to disclose cor-
porate funding sources.’4 Mr. Grijalva’s letter cited Exxon Mobil and the Koch
Foundationaspossible sourcesofundisclosed funding that Imayhave received.

• The communications director for the House Natural Resources Committee ex-
plained how we seven academics were chosen to be investigated by Mr. Gri-
jalva: ‘The way we chose the list of recipients [of Mr. Grijalva’s letter] is who has
published widely, who has testified in Congress before, who seems to have the
most impact on policy in the scientific community.’5

• Publishing widely, testifying before Congress when asked and doing work with
policy impact are usually held up as virtues among academics who are sup-
ported with public funds, but not in this circumstance.

• Myuniversity conducted the investigation as requested byMr. Grijalva, and (no
surprise tome) found that I have never received any fossil fuel or Koch Founda-
tion funding. In 2016, the University of Colorado’s elected Board of Regents
issued a statement of support for me and academic freedommore generally.6

• Despite being ultimately vindicated about the integrity my research and my
funding sources, as well as receiving the strong support of my university’s lead-
ership, the investigation proved extremely harmful to my ability to work in the
field of climate.

• I have academic tenure (thankfully) and have chosen to shift the focus of my
research to other interesting subjects at the intersection of science, policy and
politics.

• Further details of my experiences can be found in an op-ed, included as Ap-
pendix A to this testimony.
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Lessons of my experience

• Scientific evidence in support of the conclusions I presented to this committee
in 2013 is even stronger today. There is little scientific basis in support of claims
that extreme weather events – specifically, hurricanes, floods, drought, torna-
does – and their economic damage have increased in recent decades due to
the emission of greenhouse gases. In fact, since 2013 the world and the United
States have had a remarkable stretch of good fortune with respect to extreme
weather, as compared to the past.

• The lack of evidence to support claims of increasing frequency or intensity of
hurricanes, floods, droughtor tornadoesonclimate timescales is also supported
by the most recent assessments of the IPCC and the broader peer reviewed lit-
erature on which the IPCC is based.

• I have included an update of relevant data and summary conclusions of the
IPCC related to trends in extreme weather as Appendix B to this testimony.†

• Myexperience as an inconvenient academic is not unique. Politicians, including
elected officials in Congress, and enthusiastic advocates from both sides of the
aisle have targeted climate researchers whose peer-reviewed research they do
not like – including all four witnesses testifying here today. Such dynamics of
delegitimization are not unique to the climate issue.

• Academics – nomatter how solid their researchmay be – are nomatch for well-
funded advocacy groups, activists in the media, the White House or Congress.

• Members of Congress have great power to delegitimize inconvenient experts,
evenderail their careers, and in theprocess, contribute to thepathological politi-
cization of science.

• Members of Congress also have thepower to defuse thepathological politiciza-
tion of science, to uphold scientific integrity and put both science and politics
in their proper places.

• This is a bipartisan challenge, which can only be addressed with a bipartisan
commitment to scientific integrity.

Recommendations to improve the state of scientific integrity in
climate science

I have studied and written about science in policy and politics for several decades. I
am a part of an international community of scholars and practitioners who focus on

† Appendix B has not been reproduced in this GWPF version of Prof Pielke’s testimony. Interested
readers can find it in the original version as submitted to the House of Representatives.7
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the challenges of science advice to governments.8 There is consequently a deepbody
of knowledge and evidence on scientific advice – what works, and what does not.

My most well-known contribution to this area of scholarship and practice is The
Honest Broker: Making Sense of Science in Policy and Politics (Cambridge University
Press, 2007). Drawing on my experiences, my research and that of the broader com-
munity focused on scientific advice, I offer the following recommendations focused
on how members of Congress can help to improve the state of scientific integrity in
climate science.

• Policymakers and scientists have developed well-established established pro-
cesses for assessing the state of scientific knowledge on subjects of relevance
to policy makers.

• Such processes include federal advisory committees, the National Academies,
the assessments of the IPCC and many others nationally and internationally.

• There is also an enormous academic literature on the role of scientific assess-
ments in policy and politics. Google Scholar lists almost amillion articles under
the key words ‘scientific assessments policy politics’.9

• Assessmentsof scientific knowledgearemost effectivewhen theyaddressques-
tions that policymakers have judged to be relevant to decision making and do
so in a way that is viewed to be authoritative, unbiased and inclusive.10

• Such processes work best when they accurately characterize areas of uncer-
tainty and ignorance, in addition to what is known with greater certainty. Such
accurate characterization is facilitated when assessment processes are popu-
lated by a diversity of experts, including those who may hold minority or un-
popular perspectives.

• Members of Congress have the standing and authority to call for such assess-
ments, to ensure through oversight that they are conducted with integrity and
are responsive to their information requests.

• In contrast, while the legislative process can be extremely effective in highlight-
ing partisan differences on policy, it is not well suited to provide an accurate
characterization of the state of scientific understandings.

• Sometimes debates over science serves as a proxy for debates about policy
preferences or political orientation. When members of Congress participate in
such proxy debates, it contributes to the pathological politicization of science.

• Assessments are best conducted outside the spotlight of high stakes political
conflict.

• There is of course a risk that such assessments might be captured by interests,
fall prey to groupthink or gatekeeping, or fail to accurately represent scientific
understandings. In such instances the assessment processmaybecomeviewed
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as partisan, illegitimate or simply not useful. In my area of expertise this oc-
curred in the Fourth Assessment Report of the IPCC.11

• Climate science is a particularly politicized research area, meaning that careful
attention should be paid to how assessments are organized andwho leads and
participates in them.

• Consequently, oversight of the integrity of these assessments is an important
and appropriate role for Congressional committees, among others.

• However, the investigationof individual researchers (whether governmental on
non-governmental) is not an appropriate role for Congress and is unlikely to
contribute positively to the upholding of scientific integrity.

• A bipartisan truce ending such investigations of individual researchers should
start immediately.

• Congress should support the role of scientific assessments in providing an ac-
curate perspective on questions asked by policymakers. In climate, the IPCC, if
it did not exist, would have to be invented. If members of Congress wish to to
secure robust answers to questions of climate science, impacts or economics,
they might look to the IPCC.

• However, if the IPCC is not viewed to be legitimate, then Congress could easily
request the US National Academy of Sciences (or other authoritative body) to
empanel a high level, unimpeachable assessment process. Such assessments
related to climate have of course been done for decades and the overarching
scientific conclusions have remained consistent.

• We have plenty of knowledge and experience about how to arrive at accurate
assessments of the state of scientific understandings on any topic. It is a choice
whether or not to utilize that knowledge and experience.

• Irrespective of the state of scientific understandings, policy action related to en-
ergy policies and improving adaptation to climate variability and change does
not require that everyone believe the same things about climate science or that
all uncertainties be eliminated.12

To avoid any confusion: my views on climate science and policy

Because the climate issue is so deeply politicized, it is necessary to include several
statements to clearly present my views. The following conclusions are taken frommy
book The Climate Fix in a section entitled ‘Guidelines for a common sense approach
to climate policy’.13 In that book, I call for a low but rising carbon tax to fund energy
innovation, focused on cleaner, cheaper and more broadly accessible energy tech-
nologies. If the world’s economy is to decarbonize, it will be because of advances
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in energy technology, and not because everyone comes to hold the same views of
climate science.14

Increasing carbon dioxide influences the climate system, perhaps dramatically
and irreversibly

That human activities have led to changes in the earth system is broadly accepted.
So too is the possibility that such changes could lead to undesirable outcomes in the
future. For those wanting to know more – much more – about aspects of climate
science, the report ofWorking Group I of the IPCC is an excellent place to start further
investigations, even as aspects of that report continue to be contested.

The climate system is subject to multiple human influences

Carbon dioxide. . . is not the only important human influence. The climate system is
complex and is still not fully characterized. Even so,many scientists andpolicymakers
have concluded that dealing with carbon dioxide should be a top policy priority.

Our ability to see the future is limited

There are debates about how the future will play out that simply cannot be resolved
on the timescales of decision making. Efforts to gain clarity about the future may
in fact have the paradoxical consequence of making that future even cloudier. De-
cisions about climate change will occur in the context of contestation, uncertainties
and ignorance.

Certainty is not forthcoming

As decisions aremade about decarbonizing economies and improving adaptation to
climate in the coming years, certainties about the long-term climate future are not
forthcoming. UK science adviser John Beddington explains, ‘There is a fundamental
uncertainty about climate change prediction that can’t be changed.’ As Andy Revkin
summarizes his years of covering the climate debate:

What the debate comes down to is not whether changes are coming but when
they’ll occur – and how severe they’ll be. There is serious scientific disagreement
about such vital questions as how fast and far temperatures, seas, and storm
strength could rise.

Such disagreements will persist for the foreseeable future. Uncertainties are a reality
to be lived with and managed. They are not going away.
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Stabilizing atmospheric concentrations of carbon dioxide does not stop climate
change

Carbon policy is not a comprehensive climate policy. It is possible that the world
could successfully address accumulating concentrations of carbon dioxide in the at-
mosphere and still have to deal with a significant issue of human influences on the
climate system. For this reason, among others, Mike Hulme has written that climate
change is a problem to bemanaged, not solved.15 Our debates about climate change
would benefit by distinguishing carbon policies from greenhouse gas policies and
broader conceptions of climate policy.

Biography of Roger Pielke Jr.

Roger Pielke, Jr. has been on the faculty of the University of Colorado since 2001.
Currently, he serves as the director of the Sports Governance Center, a new initia-
tive on campus, and faculty affiliate of the Center for Science and Technology Policy
Research. He is a Professor in the Environmental Studies Program and from 2001–
2016 was a Fellow of the Cooperative Institute for Research in Environmental Sci-
ences (CIRES). Roger served several terms as the founding director of the university’s
Center for Science and Technology Policy Research. Roger’s research focuses on sci-
ence, innovation andpolitics, whichhehas explored inmany topical areas over recent
decades, including: space policy, natural disasters, energy policy, climate policy and
more recently, in sports governance.

Roger holds degrees in mathematics, public policy and political science, all from
the University of Colorado. In 2012 Roger was awarded an honorary doctorate from
Linköping University in Sweden and he was also awarded the Public Service Award
of the Geological Society of America. Roger also received the Eduard Brückner Prize
inMunich, Germany in 2006 for outstanding achievement in interdisciplinary climate
research. Before joining the faculty of the University of Colorado, from 1993-2001
Roger was a scientist at the National Center for Atmospheric Research. Roger is a
Senior Fellow of the Breakthrough Institute, and has held academic appointments at
Macquarie University in Sydney, Australia, Oxford University and the London School
of Economics.

Roger has hundreds of peer-reviewed publications and, for those who consider
such things, hehas anH-Indexof 51 (Google). He is also author, co-author or co-editor
of eight books, including The Honest Broker: Making Sense of Science in Policy and Pol-
itics published by Cambridge University Press (2007), The Climate Fix: What Scientists
andPoliticiansWon’t Tell youAboutGlobalWarming (2011, Basic Books), and TheRight-
ful Place of Science: Disasters and Climate Change (CSPO: ASU, 2014). His most recent
book is The Edge: The War Against Cheating and Corruption in the Cutthroat World of
Elite Sports (Roaring Forties Press, 2016).
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Appendix A: 2016 op-ed onmy experiences in climate research

My Unhappy Life as a Climate Heretic16

My research was attacked by thought police in journalism, activist groups funded by bil-
lionaires and even theWhite House.

Much tomy surprise, I showed up in theWikiLeaks releases before the election. In
a 2014 email, a staffer at the Center for American Progress, founded by John Podesta
in 2003, took credit for a campaign to have me eliminated as a writer for Nate Sil-
ver’s FiveThirtyEight website. In the email, the editor of the think tank’s climate blog
bragged to one of its billionaire donors, Tom Steyer: ‘I think it’s fair [to] say that, with-
out Climate Progress, Pielke would still be writing on climate change for 538.’

WikiLeaks provides a window into a world I’ve seen up close for decades: the de-
bate over what to do about climate change, and the role of science in that argument.
Although it is too soon to tell how the Trump administration will engage the scien-
tific community, my long experience shows what can happen when politicians and
media turn against inconvenient research – which we’ve seen under Republican and
Democratic presidents.

I understand why Mr. Podesta – most recently Hillary Clinton’s campaign chair-
man – wanted to driveme out of the climate-change discussion. When substantively
countering an academic’s research proves difficult, other techniques are needed to
banish it. That is how politics sometimes works, and professors need to understand
this if we want to participate in that arena.

More troubling is the degree to which journalists and other academics joined the
campaign against me. What sort of responsibility do scientists and the media have
to defend the ability to share research, on any subject, that might be inconvenient to
political interests – even our own?

I believe climate change is real and that human emissions of greenhouse gases
risk justifying action, including a carbon tax. But my research led me to a conclusion
thatmany climate campaigners findunacceptable: There is scant evidence to indicate
that hurricanes, floods, tornadoes or drought have becomemore frequent or intense
in theUSor globally. In factwe are in an era of good fortunewhen it comes to extreme
weather. This is a topic I’ve studied and published on as much as anyone over two
decades. My conclusion might be wrong, but I think I’ve earned the right to share
this research without risk to my career.

Instead, my research was under constant attack for years by activists, journalists
and politicians. In 2011 writers in the journal Foreign Policy signaled that some ac-
cusedme of being a ‘climate-change denier.’ I earned the title, the authors explained,
by ‘questioning certain graphs presented in IPCC reports.’ That an academic who
raised questions about the Intergovernmental Panel on Climate Change in an area
of his expertise was tarred as a denier reveals the groupthink at work.
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Yet I was right to question the IPCC’s 2007 report, which included a graph pur-
porting to show that disaster costs were rising due to global temperature increases.
The graph was later revealed to have been based on invented and inaccurate infor-
mation, as I documented in my book The Climate Fix. The insurance industry scien-
tist Robert-Muir Wood of Risk Management Solutions had smuggled the graph into
the IPCC report. He explained in a public debate with me in London in 2010 that he
had included the graph andmisreferenced it because he expected future research to
showa relationship between increasing disaster costs and rising temperatures. When
his researchwas eventually published in 2008, well after the IPCC report, it concluded
the opposite: ‘We find insufficient evidence to claim a statistical relationship between
global temperature increase and normalized catastrophe losses.’ Whoops.

The IPCC never acknowledged the snafu, but subsequent reports got the science
right: there is not a strong basis for connectingweather disasterswith human-caused
climate change.

Yes, stormsandother extremes still occur, withdevastatinghumanconsequences,
but history shows they could be far worse. No Category 3, 4 or 5 hurricane has made
landfall in the US since Hurricane Wilma in 2005, by far the longest such period on
record. This means that cumulative economic damage from hurricanes over the past
decade is some $70 billion less than the long-term average would lead us to expect,
based on my research with colleagues. This is good news, and it should be OK to say
so. Yet in today’s hyper-partisan climate debate, every instance of extreme weather
becomes a political talking point. For a time I called out politicians and reporters who
went beyond what science can support, but some journalists won’t hear of this. In
2011 and 2012, I pointed out on my blog and social media that the lead climate re-
porter at the New York Times, Justin Gillis, had mischaracterized the relationship of
climate change and food shortages, and the relationship of climate change and dis-
asters. His reporting wasn’t consistent with most expert views, or the evidence. In re-
sponse he promptly blocked me from his Twitter feed. Other reporters did the same.

In August this year on Twitter, I criticized poor reporting on the website Mashable
about a supposed coming hurricane apocalypse – including a bad misquote of me
in the cartoon role of climate skeptic. (The misquote was later removed.) The pub-
lication’s lead science editor, Andrew Freedman, helpfully explained via Twitter that
this sort of behavior ‘is why you’re on many reporters’ “do not call” lists despite your
expertise.’

I didn’t know reporters had such lists. But I get it. No one likes being told that
he misreported scientific research, especially on climate change. Some believe that
connecting extreme weather with greenhouse gases helps to advance the cause of
climate policy. Plus, bad news gets clicks.

Yet more is going on here than thin-skinned reporters responding petulantly to
a vocal professor. In 2015 I was quoted in the Los Angeles Times, by Pulitzer prize-
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winning reporter Paige St. John, making the rather obvious point that politicians use
the weather-of-the-moment to make the case for action on climate change, even if
the scientific basis is thin or contested.

Ms. St. John was pilloried by her peers in the media. Shortly thereafter, she
emailed me what she had learned: ‘You should come with a warning label: quoting
Roger Pielke will bring a hailstorm down on your work from the London Guardian,
Mother Jones, and Media Matters.’

Or look at the journalists who helped push me out of FiveThirtyEight. My first
article there, in 2014, was based on the consensus of the IPCC and peer-reviewed
research. I pointed out that the global cost of disasters was increasing at a rate slower
than GDP growth, which is very good news. Disasters still occur, but their economic
and human effect is smaller than in the past. It’s not terribly complicated.

That article prompted an intense media campaign to have me fired. Writers at
Slate, Salon, the New Republic, the New York Times, the Guardian and others piled on.
In March of 2014, FiveThirtyEight editor MikeWilson demotedme from staff writer to
freelancer. A fewmonths later I chose to leave the site after it became clear it wouldn’t
publish me. The mob celebrated. ClimateTruth.org, founded by former Center for
American Progress staffer Brad Johnson, and advised by Penn State’s Michael Mann,
called my departure a ‘victory for climate truth.’ The Center for American Progress
promised its donor Mr. Steyer more of the same.

Yet the climate thought police still weren’t done. In 2013 committees in theHouse
and Senate invited me to a several hearings to summarize the science on disasters
and climate change. As a professor at a public university, I was happy to do so. My
testimony was strong, and it was well aligned with the conclusions of the IPCC and
the US government’s climate-science program. Those conclusions indicate no overall
increasing trend in hurricanes, floods, tornadoes or droughts – in the US or globally.

In early 2014, not long after I appeared before Congress, President Obama’s sci-
ence adviser John Holdren testified before the same Senate Environment and Pub-
lic Works Committee. He was asked about his public statements that appeared to
contradict the scientific consensus on extreme weather events that I had earlier pre-
sented. Mr Holdren responded with the all-too-common approach of attacking the
messenger, telling the senators incorrectly that my views were ‘not representative of
the mainstream scientific opinion’. Mr. Holdren followed up by posting a strange es-
say, of nearly 3000words, on theWhiteHousewebsite under theheading, ‘An analysis
of statements by Roger Pielke Jr.,’ where it remains today.

I suppose it is a distinction of a sort to be singled out in this manner by the presi-
dent’s science adviser. Yet Mr Holdren’s screed readsmore like a dashed-off blog post
from the nutty wings of the online climate debate, chock-full of errors and misstate-
ments.

But when the White House puts a target on your back on its website, people no-
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tice. Almost a year later Mr Holdren’s missive was the basis for an investigation of me
by Arizona Rep. Raul Grijalva, the ranking Democrat on the House Natural Resources
Committee. Rep. Grijalva explained in a letter to my university’s president that I was
being investigated because Mr Holdren had ‘highlighted what he believes were seri-
ous misstatements by Prof. Pielke of the scientific consensus on climate change’. He
made the letter public.

The ‘investigation’ turned out to be a farce. In the letter, Rep. Grijalva suggested
that I – and six other academicswith apparently heretical views–mightbeon thepay-
roll of Exxon Mobil (or perhaps the Illuminati, I forget). He asked for records detailing
my research funding, emails and so on. After some well-deserved criticism from the
AmericanMeteorological Society and the American Geophysical Union, Rep. Grijalva
deleted the letter from his website. The University of Colorado complied with Rep.
Grijalva’s request and responded that I have never received funding from fossil-fuel
companies. My heretical views can be traced to research support from the US gov-
ernment.

But the damage tomy reputation had been done, and perhaps thatwas the point.
Studyingandengagingonclimate changehadbecomedecidedly less fun. So I started
researching and teaching other topics and have found the change in direction re-
freshing. Don’t worry about me: I have tenure and supportive campus leaders and
regents. No one is trying to get me fired for my new scholarly pursuits.

But the lesson is that a lone academic is no match for billionaires, well-funded
advocacy groups, the media, Congress and the White House. If academics – in any
subject – are to play a meaningful role in public debate, the country will have to do
a better job supporting good-faith researchers, even when their results are unwel-
come. This goes for Republicans and Democrats alike, and to the administration of
President-elect Trump.

Academics and themedia inparticular should support viewpoint diversity instead
of serving as the handmaidens of political expediency by trying to exclude voices or
damage reputations and careers. If academics and the media won’t support open
debate, who will?
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