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"1 say the debate 1s over.
We know the scirence.

We see the threat, and we
know the time for action 1S
now."

--Arnold Schwarzenegger
San Francisco, June 2, 2005



There 1s a scientific
consensus over the
reality of anthropogenic
global warming



“..most of the observed
warming over the last
50 years 1s likely to
have been due to the
InCrease 1In greenhouse
gas concentrations.”

IPCC 3rd Assessment (2001)



IPCC.:
Intergovernmental Panel on Climate Change

« Established in 1988 by United Nations Environment Programme and
World Meteorological Organization

e Response to scientific predictions of 1970s: global warming due to
greenhouse gas emissions likely to become problem.

= Today: scientific experts from > 130 countries.
— Most recent report > 800 authors, >1000 peer reviewers
= Historically unprecedented: scale, scope, ambition.

— Not to do research, but to synthesize and assess it.
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“.most of the observed
warming over the last
50 years 1s very likely
to have been due to the
InCrease In greenhouse
gas concentrations.”

IPCC 4th Assessment (2007)



Scientific position has
not really changed
since 2001.

Hardly changed since
1979...



"If carbon dioxide continues to
Increase, [we] find no reason to
doubt that climate changes will
result, and no reason to believe
that these changes will be
negligible."

U.S. National Academy of Sciences
“Carbon Dioxide and Climate: A Scientific

Assessment,”” (Charney report), 1979



“A plethora of studies from

diverse sources indicates a

consensus that climate changes
will result from man?s

combustion of fossil fuels and
changes In land use.”

National Academy of Sciences Archives, An Evaluation of the
Evidence for CO,-Induced Climate Change, Assembly of
Mathematical and Physical Sciences, Climate Research Board,
Study Group on Carbon Dioxide, 1979, Film Label: CO, and

Climate Change: Ad Hoc: General



What’s new since 19797

REPORTS

Low-Frequency Signals in Long
Tree-Ring Chronologies for
Reconstructing Past
Temperature Variability
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Climate change no

longer a prediction, now
an observed fact.



Since the mid 1980s,
there has been a steady
stream of claims

challenging climate
science...



These claims include...

No “proof” (science is uncertain)
No “consensus” (scientists are divided).

If warming is happening, it”s not anthropogenic (natural
variability).

If it is anthropogenic, it isn”t necessarily bad. Warnings are
“alarmist,” ““catastrophist.”” Changes may be beneficial.

(NASA administrator Griffin)
We can readily adapt to any changes that occur.

Controlling GHG emissions would destroy the US economy



Not just ““lunatic fringe”” or talk radio...

e |[eading screenwriter and novelist of our day (Crichton)

e |eaders of U.S. Congress (Senator Inhofe, Congressman
Barton)

e Major U.S media outlets (Wall Street Journal, Forbes,
Fortune, Financial Times)

« [nfluential think-tanks (American Enterprise Institute,
Competitive Enterprise Institute, Heritage Foundation)

e President and Vice President of the United States
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Sydney, Australia, Feb. 23, 2007
= In an exclusive interview today,
ABC's Jomathan Karl asked Vice
President Dick Cheney about the L
topic of global warming, a subject
Mr. Cheney has rarely addressed in
the past. The vice president agreed
that the earth is warming but, like
President Bush, maintained there is
debate over whether humans or
natural cycles are the cause— a
position that puts the administration

ADVERTISER LINK

The New York Times

Get home delivery of The New York Times for as
low as £3.15 a week. Click hera!
WL LoD m

at odds with the vast majority of
climate scientists.

The Intergovernmental Panel on Climate Change = made
up of thousands of scientists from arcund the world
reported earlier this month they are more certain than
aver that humans are heating earth's atmosphere through
the burning of fossil fuels. In Australia, for example, the
IPCC said that rising ocean temperatures brought on by
global warming could make Australia®s Great Barrier Reef
"functionally extinet™ by 2050,

Here is a portion of the transcoript from Jonathan Karl's
conversation with Mr. Cheney:

JONATHAN KARL: I want to ask you about another issue
that's been a subject of controversy here in Australia,

Page 1of 3

Last February..

e ““| think there”s an

emerging consensus
that we do have global
warming. ..\Where

there does not appear
to be a consensus...is

the extent to which
that”s part of a
normal cycle versus
the extent to which
It”s caused by man,

greenhouse gases,
etc.”




Misleading In two ways



|. Consensus Is not “emerging’
(1992)

Called on world
leaders to
translate the
written document
Into "concrete
action to protect

- the planet.”




IPCC Second Assessment Report (1995)

Summary for Policymakers: The Science of Climate Change - IPCC Working Group |

Contents

1.
5.
6.

“The balance
of evidence...

suggests a
discernible
human
Influence on

global
climate....
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ESSAY
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This year's essay series highlights

The Scientific Consensus B s e
on Climate Change

Maomi Oreskes
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by AAAS

e Broad consensus of
major scientific
organizations: IPCC,
NAS, AMS, AGU,
JAVAVARS)

Supported by data
base analysis of the

published scientific
literature: No
disagreement about
fact of GW and its
mostly human
causes

Cconsensus
established by 1993.




ll. The consensus Includes the
guestion of cause

““..most of the observed warming

over the last 50 years Is very likely
to have been due to the Increase

INn greenhouse gas
concentrations.”

IPCC 4th Assessment (2007)



IPCC explicitly rejects the claim that
observed changes are natural
variation

“The observed widespread warming of the

atmosphere and ocean, together with ice
mass loss, support the conclusion that it is
extremely unlikely that global climate

change of the past fifty years can be
explained without external forcing....”



Naysaying has clearly had an
effect, because despite the
overwhelming scientific evidence,
many Americans are still doubtful
or confused



Pew Research Center for The
People and the Press, July 2006

““Little consensus on global warming™’..

e /0% do believe there Is ““solid
evidence of global warming’” but...

« Only 41% believe warming Is caused
by human activities.



ABC News Poll, March 2006

--64% percelive “a lot of disagreement
among scientists’ on the question

--Only 1/3 think scientists agree that global
warming has begun

--Only 1/3 think rise in world temperatures
IS ““mainly caused by things people do”

Abcnews.go.com/technology/GlobalWarming/Story?id-1750492



Doubts matter

e \VViews on scientific consensus predict
levels of concern, and willingness to act.

e Those who think scientists mainly agree
are

much more likely to say the federal
government should do something about it.

Abcnews.go.com/technology/GlobalWarming/Story?id-1750492



Americans are much less concerned
about global warming than others..

When asked how ““personally concerned”
Only 19% Americans said “‘a great deal”
— 46% In France
— 51% In Spalin
— 66% In Japan

—Even Chinese were more concerned: 20%

Pew Research Center for The People and the Press, July 2006
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There 1s a scientific
consensus, but..

How do we know that the
consensus 1S correct?



How do we know we ’re not
wrong?



Given what we know about
history of science, iIsn’t it
guite possible that the
climate consensus Is
wrong?



Yes, It IS possible.



Science 1s fallible.




Numerous examples from history of
science of consensus, overturned

e Geocentric Universe
e Fixity of species

e Absolute nature of time and space,
pervaded by luminiferous aether

e Deterministic character of atomic
Interactions

e Fixity of continents



Fair to ask, how do we know
our current science won’t be

similarly overturned?



How can we justify using

science to inform policy, If
the science might be wrong?



Historians and philosophers
have extensively analyzed the

processes that contribute to the
reliability of scientific knowledge

We can use this to
evaluate any current
sclence.



Ideal world:

Did screntists follow the
scientific method?

1T they did, all 1s well.
IT they didn’t, there’s a
problem.



Real world:
There 1s no scientific
method
(singular).



However, there are scientific
methods.

Accepted scientific standards for
evaluating claims.

Many have been around for a
long time.



Five main candidates
for scirentific methods
and standards



1. Methodological standards:
Science Is reliable by virtue of
using correct method

Induction: generalization from
observations.

Deduction: hypothetico-deductive method.
Falsification: science must be disprovable.

(Cf. appeals to authority or articles of
faith.)



2. Evidential standards:
Science Is reliable by virtue of
how It evaluates evidence

Tests of reliabllity

--Replication, witnessing, and peer
review

Tests of consistency

--Consilience of Evidence



3. Performance standards:

How well does knowledge
hold up In action?

e Does It stand up to predictive
tests?

eHas It held up over time?

e Can we use It to do things In
world?



4. Inference to the best
explanation



5. Community standards
(Kuhn)



Scientists sometimes defend
their work (and attack their

colleagues) by reference to
their preferred standard.

We can ask:
How does a particular
scientific claim stand up to all
these standards?



1. Methodological
standards

 |s there Iinductive evidence backing
the scientific claims?

e Has climate science passed any
deductive tests?

e |s |t falsifiable?



1.1. Induction: Generalization from evidence
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150 years of temperature record, from weather stations around the globe,

for reasons entirely independent of concern about global warming.
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Low-Frequency Signals in Long
Tree-Ring Chronologies for
Reconstructing Past
Temperature Variability

Jan Esper,” Edward R. Caok,®* Fritz H. Schweingruber’
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1.2 Deduction: If carbon dioxide rises,

then we expect increases In temperature




The Cfdlendf,u Effect

The Lite and Wor rt Callendar (1898-1964)

1930:
Guy Stewart

Callendar
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Has temperature rising along with it?

http://www.climateaudit.org/wp-content/1000yearsco2small.jpg
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Climate science passes
the deductive test

Not just a “correlation”

It”s a confirmation of a
prediction

(““The scientific method’’)



1.3 Falsification: Is
there some way the
consensus could be

proved wrong?

How do we know that the CO,
comes from human activities?

Maybe it comes from
volcanoes....



Clear evidence that this CO, has been
produced by burning fossil fuels (Ghosh and
Brand, 2003)

M!Sl AR SANGT

e Clear correlation
of falling 13C
values with rising
CO,

= Absolute values
Indicate organic

carbon source
(not volcanoes...)

1R



Calculations of fossil fuel use since 1850s...

e Rise in CO, Is
temporally
; coincident with
e ._;dgsmal NESSIVEREEERES
e S in fossil fuel burning
since industrial

revolution.

e |f this were not so, It
would falsify the
theory.




2. Evidential
standards



2.1 Has the evidence been
subject to replication,
witnessing, and peer review?



Temperature data has now been extensively replicated
using independent methods, such as tree rings and coral

reefs. Northern hemisphere data compared with southern.

REPORTS

Low-Frequency Signals in Long
Tree-Ring Chronologies for
Reconstructing Past
Temperature Variability

Jan Esper,” Edward R. Cook,® Fritz H. Schweingruber®
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Esper et al, 2002, Science



Peer review? The contrarian claims are the ones that fail peer review.

ESSAY
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The Scientific Consensus
on Climate Change

Naomi Oreskes

methods impacts yes historical mitigation no




2.2 Consilience of evidence

WETTER GREENLAND

Area of ice sheet melting in summer has Sciencexpress
intrEﬂEEd dramatically in just a decade Extracting a Climate Signal from 169 Glacier Records

I, Derlemans

¢ Murine snd Atmospleric Rescareh, Utrecht University, Princetonplein §, 3584 CC Ubreche, Netherfands. E-mail

A temperature hstory for different parts of the world has

been constructed from 169 glacier length records. Using a

first-order theory of glacier dvoamics, ehanges in glacler

length were related to changes In temperature. The

derived temperature hstories are fully independent of

proxy and Instrumental data used in earlier

reconstruetions, Moderate global warning started n the

mibddle of the 19th eentury. The reconstructed warming in current elimat

the flest half of the 20th century s 0.5 K. This warming Hut ive climatic interpretation of glaceer ler
wis remarkally eolierent over the ghbe, The warming o from | is pies
signals from glacters at low and high elevations appear tn mode] pre

e very similar.

SOURCE: Konrad Steffen and Russell Huff, University of Colorado,
Boulder

Oerlemans, 2002, Utrecht.Analysis of 169 glacial records







Climate models attacked as ’unreliable.”
Many model-based predictions have come true.

« Melting of polar ice sheets & continental
glaciers

e Polar amplification

e Rising sea level

e Earlier spring onset

e More warming at night than in day
< More precipitation in some regions

e |Intensification of extreme weather events
(Katrina, record-breaking season of 2005)



2005: Most intense hurricane season In history

« Most tropical and subtropical storms (28)

e Record number (15) became hurricanes

e Record number (4) became category 5
— Most ““retired” names

e Katrina: Costliest ($100 billion damages)
- Wilma: Lowest pressure ever recorded in an

Atlantic hurricane
e Hurricane season continued long past ““official end”

— Official end is Nov. 30, storms continued into January



Climate models
predicted
intensiftication of
hurricanes, caused 1In
InCrease In sea surface
temperature, well
before 2005



Two papers in summer 2005 (before Katrina)
documented increasing hurricane intensity

REPORTS
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Increasing destructiveness of tropical cyclones over
the past 30 years

Kerry Emanuel’

Changes in Tropical Cyclone
Number, Duration, and Intensity ,

5 5 E § ' and modelling’ predict that hurricane intensity should

ina Warm|ng Environment " . increase with incressing ghobul mean temperatures, but work on

k the detection of trends in hurricane activity has focused mostly on
P. ). Webster,' G. ). Holland? ). A. Curry,” H.-R. Chang’ X . " their frequency™ and shows no trend, Here | define an index of the
s o v o potential destructiveness of hurricanes based on the total dissipa-
@ axamined the numbsr af tropical cyelones and eyelons days as wall as g 70 and tion of power, integrated over the lifetime of the cyclone, and show
k " ; | b ; — ST that this index has increased markedly since the mid-1970s,
tropical gyclone intensity over the past 35 years, in an environment af in- F % the 8§ s for (2
i i e ’ Ty . trend s due to both longer storm lifetimes and greater storm
‘:;’"5 sea surface temperature. A large "“_'"‘:‘ "':J"; ’];*"I'" # fumBer ey ¥ P A b o intensities. | find that the record of net hurricane power dissipa-
and proportion of hurrieanes reaching cetegories 4 and 5. The lergest increase tion is highly correlated with teopical ses surface leplmmM
securred in the North Pacifie, Indian, and Southwest Pacific Oceans, and the reflecting wel 5
smallest percentage incresse occurred in the North Atlantic Ocean These decadal oacillations in the North Atlantic and | pacific, ard
ereases have taken place while the number of cyelones and cyclone days has

global warming My results suggest that fulure warming
ducreased in all basins except the North Atlantic during the past decade. leud to an upward trend in tropical cycone destructive pote

and—taking into account an increasi
a substan u.sl increwse in hurricane-related losses in the twenty-
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Can we prove that the hurricane
season of 2005 was caused by global
warming?

No}

In principle, other causes could
have produced the same effect



But if we make a prediction and it comes
true, then it Is strong evidence, especially...

e .. If there are no other plausible causes.

e .If there Is no evidence of any
alternative cause.

e .If there Is independent evidence that

the proposed cause (global warming)
exists.




4. Inference to the best explanation

The goal of science is not merely
to develop a possible explanation,

you have to develop the best
explanation....

That explanation must be based on

a cause that you know Is actually
occuring in the world (““vera

causa’)



Isaac Newton, Principia Mathematica
(1687)

“In experimental philosophy we are to look
upon propositions inferred by general
iInduction from phenomena as accurately
or very nearly true not withstanding any
contrary hypothesis that may be
Imagined....... This rule we must follow,

‘and] may not be evaded by

'speculative] hypotheses.”




““Evasion by speculative hypothesis™ is
precisely what contrarians have done

e Proposed speculative hypotheses (about
natural variation) without providing
evidence of their actual role.

e Speculative reassurances about human
capacity for adaptation.

e Alarmist claims about collapse of US
economy, largely without evidence



5. Community standards

e Despite Newton’s endorsement, many

philosophers uncomfortable with idea of
Inference to best explanation.

e \What constitutes best?

e \Who decides?

e Using what criteria?



Answer :
Community of scientific

experts



Thomas Kuhn
““Structure of Scientific Revolutions”

Paradigm Is not just a particular
theory about natural world.
Also a set of standards.

Include things like peer review,
and rejection of speculative
hypothesis



Recently some have
asserted ‘“scirence 1s
not about consensus”

Opposite Is true:

Science Is precisely about
consensus, because
consensus Is the result of the
application of community
standards.



Answer to issue of scientists ““believing In
cooling” in 1970s: There was N0 consensus

SCIENCE

Two major groups of scientists
studying climate issues

e |ce ages (CLIMAP), time
g scale of 103-104 yr, vs. early
work on anthropogenic
climate change, 10%-102 yr.

AREAS OF THE EARTH AFFECTED BY CLIMATIC CHANGE

. SRR

e Hindsight: scientists Iin
Newsweek over-interpreted

a short-term signal.

 No general agreement.




The claim that there
was just 30 years ago
there a consensus that
the world was cooling
IS
simply wrong,
factually.



Take home:
Climate science satiasfties a
diversity of evaluative

criteria.



Methodological: Both inductive, deductive, and
falsifiable.

Evidentiary : Strong consilience of evidence
through instrumental and proxy records.

Performance: Predicted effects now observed.

Inference to best explanation. All available
evidence points towards role of human effects.

Community standards



And there 1s no other
““contrary hypothesis”

for which there 1s any
substantial evidence

that can explain the

observed effects.



Seri1ous evaluation of
any science for policy
needs to look at
science from diverse
angles

Isn”t there a simpler test?



““Consilience of evidence”
(William Whewell)

Multiple, iIndependent lines of
evidence converging on a single
coherent account.



The Rejection of Continental Drift
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A consilience of
evidence

Drawn from well-
established scientific
traditions:

stratigraphy,
paleontology,
structural geology,
paleo-climatology.

Collected by respected
scientists over decades.

All added up

Du Toit (1927)



Why did rejecters reject it?




Bowie’s rejection was
based on geodetic
evidence, collected by
his mentor, John
Hayford, at US Coast
and Geodetic Survey



Bowie’s objection

Continental drift was
incompatible with the
model of the Earth’s
crust accepted by
American geophysicists.



The Hayford
Spheroid
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e Early 1900s, American geodesist John Hayford,
Chief of Geodesy at the U.S.C.G.S., developed a
model to interpret surface gravity measurements.

e Produced a new value for the figure of the Earth




In 1924, Hayford spheroid adopted as
International standard by IUGG.
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The Hayford model was incompatible with drift.

Bowie, became one
of America’s
most active and

vocal opponents
of drift.

Persuaded many
others.

Major factor in
American
rejection of theory.




In drawing this
conclusion, he
ignored all the
other data (from
stratigraphy,
paleontology,

paleo-climatology,
etc...)




He violated principle of
consilience of evidence:

How does all the evidence stack
up?



Made his choice wholly on
the basis of geodetic
evidence (from his own

speciality)..



.and 1gnored
the large body of data
from various geological
specilalties that
Independently argued 1In
favor of continental
drift.



A common pattern:

Prejudice..
Intel lectual
chauvinism..



Epistemological affinities

We all gravitate towards certain
kinds of evidence and
arguments, and they tend to be
the ones with which we are
most familiar (either
Intellectually or sociologically)



Charles Richter (1958):
“We are all best impressed by

evidence of the type with which
we are most familiar.”

Bill Menard (1986):

Some...sclentists believe In

God and some in Country, but
all believe that their own ...data

are without equal, and they
adjust other data to fit them.”



No one had to make a
huge policy decision
In the 1920s that
hinged on whether or
not continental drift
was true



We do have to make decisions
about global warming

Doing nothing Is a decision.



Why the scale and scope
IPCC are so important

It”s all about consilience of
evidence.

It” s about looking at the big
picture.



In early 1980s, officials
In the Reagan
administration argued
that the situation was
not urgent, we had time

to walt and see.

We have waited and we
have seen.



Earth scientists been studying the
role of carbon dioxide In climate
change for longer than it took
them to come to consensus on
continental drift.



Thousands of scientists have

assessed and reviewed the

evidence, and assessed and

reviewed It again, and again,
and again.



In four reports, over
nearly 20 years,
leading experts around
globe have affirmed
the reality of
anthropogenic warming-
-now no longer as a
prediction, but as an
observational reality.



Conclusion they have come to

IS one that we actually already
knew In 1965...
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The effect of that alteration 1s now clear.




The End.
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