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largest collection of raw data. According to the summary provided by
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the Intergovernmental Panel on Climate Change (IPCC), the mean
global surface temperature (including land and oceans) has increased
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The Conversion of a Climate-Change Skeptic

By Richard A. Muller

BERKELEY, Calif.

ALL me a converted skeptic.

Three years ago I identified

problems in previous climate

studies that, in my mind,

threw doubt on the very ex-

istence of global warming. Last year,

following an intensive research effort

involving a dozen scientists, I concluded

that global warming was real and that

the prior estimates of the rate of warm-

ing were correct. I'm now going a step

further: Humans are almost entirely
the cause.

My total turnaround, in such a short
time, is the result of careful and ob-
jective analysis by the Berkeley Earth
Surface Temperature project, which I
founded with my daughter Elizabeth.
Our results show that the average tem-
perature of the earth’s land has risen by
two and a half degrees Fahrenheit over
the past 250 years, including an in-
crease of one and a half degrees over
the most recent 50 years. Moreover, it
appears likely that essentially all of this
increase results from the human emis-
sion of greenhouse gases.

These findings are stronger than
those of the Intergovernmental Panel
on Climate Change, the United Nations
group that defines the scientific and dip-
lomatic consensus on global warming.
In its 2007 report, the I.P.C.C. concluded
only that most of the warming of the pri-
or 50 years could be attributed to hu-
mans. It was possible, according to the
L.P.C.C. consensus statement, that the
warming before 1956 could be because
of changes in solar activity, and that
even a substantial part of the more re-
cent warming could be natural.

Our Berkeley Earth approach used
sophisticated statistical methods devel-
oped largely by our lead scientist, Rob-
ert Rohde, which allowed us to de-

Richard A. Muller, a professor of physics
at the University of California, Berkeley,
and a former MacArthur Foundation fel-
low, is the author, most recently, of “En-
ergy for Future Presidents: The Science
Behind the Headlines.”

termine earth land temperature much
further back in time. We carefully stud-
ied issues raised by skeptics: biases
from urban heating (we duplicated our
results using rural data alone), from
data selection (prior groups selected
fewer than 20 percent of the available
temperature stations; we used virtually
100 percent), from poor station quality
(we separately analyzed good stations
and poor ones) and from human in-
tervention and data adjustment (our
work is completely automated and
hands-off). In our papers we demon-
strate that none of these potentially
troublesome effects unduly biased our
conclusions.

The historic temperature pattern we
observed has abrupt dips that match
the emissions of known explosive vol-
canic eruptions; the particulates from
such events reflect sunlight, make for
beautiful sunsets and cool the earth’s
surface for a few years. There are small,
rapid variations attributable to El Nino
and other ocean currents such as the
Gulf Stream; because of such oscilla-
tions, the “flattening” of the recent tem-
perature rise that some people claim is
not, in our view, statistically significant.
What has caused the gradual but sys-
tematic rise of two and a half degrees?
We tried fitting the shape to simple
math functions (exponentials, polyno-
mials), to solar activity and even Lo ris-
ing functions like world population. By
far the best match was to the record of
atmospheric carbon dioxide, measured
from atmospheric samples and air
trapped in polar ice.

Just as important, our record is long
enough that we could search for the fin-
gerprint of solar variability, based on
the historical record of sunspots. That
fingerprint is absent. Although the
I.P.C.C. allowed for the possibility that
variations in sunlight could have ended
the “Little Ice Age,” a period of cooling
from the 14th century to about 1850, our
data argues strongly that the tempera-
ture rise of the past 250 years cannot be
attributed to solar changes. This conclu-

sion is, in retrospect, not too surprising; ,

we've learned from satellite measure-
ments that solar activity changes the
brightness of the sun very little.

How definite is the attribution to hu-

mans? The carbon dioxide curve gives
a better match than anything else we’ve
tried. Its magnitude is consistent with
the calculated greenhouse effect — ex-
tra warming from trapped heat radia-
tion. These facts don’t prove causality
and they shouldn’t end skepticism, but
they raise the bar: to be considered se-
riously, an alternative explanation must
match the data at least as well as car-
bon dioxide does. Adding methane, a
second greenhouse gas, to our analysis
doesn’t change the results. Moreover,
our analysis does not depend on large,
complex global climate models, the
huge computer programs that are noto-

As our carbon dioxide
emissions rise, so will
the temperature.

rious for their hidden assumptions and
adjustable parameters. Our result is
based simply on the close agreement
between the shape of the observed tem-
perature rise and the known green-
house gas increase.

It’s a scientist’s duty to be properly
skeptical. I still find that much, if not
most, of what is attributed to climate
change is speculative, exaggerated or
just plain wrong. I've analyzed some of
the most alarmist claims, and my skep-
ticism about them hasn’t changed.

Hurricane Katrina cannot be attribut-
ed to global warming. The number of
hurricanes hitting the United States has
been going down, not up; likewise for
intense tornadoes. Polar bears aren’t
dying from receding ice, and the Hima-
layan glaciers aren’t going to melt by
2035. And it’s possible that we are cur-
rently no warmer than we were a thou-
sand years ago, during the “Medieval
Warm Period” or “Medieval Optimum,”
an interval of warm conditions known
from historical records and indirect evi-
dence like tree rings. And the recent
warm spell in the United States hap-
pens to be more than offset by cooling

elsewhere in the world, so its link to
“global” warming is weaker than ten-
uous.

The careful analysis by our team is
laid out in five scientific papers now
online at BerkeleyEarth.org. That site
also shows our chart of temperature
from 1753 to the present, with its clear
fingerprint of volcanoes and carbon di-
oxide, but containing no component that
matches solar activity. Four of our pa-
pers have undergone extensive scrutiny
by the scientific community, and the
newest, a paper with the analysis of the
human component, is now posted, along
with the data and computer programs
used. Such transparency is the heart of
the scientific method; if you find our
conclusions implausible, tell us of any
errors of data or analysis.

What about the future? As carbon di-
oxide emissions increase, the tempera-
ture should continue to rise. I expect the
rate of warming to proceed at a steady
pace, about one and a half degrees over
land in the next 50 years, less if the
oceans are included. But if China contin-
ues its rapid economic growth (it has
averaged 10 percent per year over the
last 20 years) and its vast use of coal (it
typically adds one new gigawatt per
month), then that same warming could
take place in less than 20 years.

Science is that narrow realm of
knowledge that, in principle, is univer-
sally accepted. I embarked on this anal-
ysis to answer questions that, to my
mind, had not been answered. I hope
that the Berkeley Earth analysis will
help settle the scientific debate regard-
ing global warming and its human
causes. Then comes the difficult part:
agreeing across the political and diplo-
matic spectrum about what can and
should be done. O

ONLINE: MORE OP-ED

Sanford I. Weill’s change of heart

about the value of huge banks
doesn’t excuse the damage Citigroup did
on his watch, Jeff Madrick writes.
nytimes.com/opinion




1. Show respect

Scientists (and others) have
a duty to be properly
skeptical.
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The spectrum of
opinions

m denier

m skeptic

® Juke-warmist
m warmist

m exaggerator
® alarmist
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2. Address all issues
objectively
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Possible Systematics
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Berkeley Earth Surface Temperature Results
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Berkeley Earth Surface Temperature Results
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Berkeley Earth Surface Temperature Results
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Has global warming
stopped?
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Berkeley Earth Surface Temperature Results

I I I I

carbon dioxide

oo

~
@)
(=]
~
<>
P
=
~—
]
P
D
=¥
5
ot
=
=
5]
o
=
~—
P
]
=
D
=)
]
S
>
<

: \ volcanic events

|

i L i
1800 1850 1900 1950 2000
Year

Richard Muller 18 April 2013



3. Forswear cherry-picking
and the temptation to

blame everything on climate
change.
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Frequency of Atlantic Storms
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Richard Muller

Numbers of Hurricanes
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Fig. 1. Track maps of the Atlantic hurricane seasons of 2005 and 1933, the two busiest hurricane
years on record for tropical cyclone frequency. The circles highlight large differences in activity
that occurred over the open Atlantic Ocean.

from Chris Landsea, NOAA, National Hurricane Center,
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Hurricanes that hit the US coast
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Tornados

Reported U.S. F3, F4, or F5 Tornadoes, 1950-2011
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Wildfires
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Berkeley Earth Surface Temperature Results
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4. Check your facts
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UK High Court: 9 errors in An Inconvenient Truth

Richard Muller

Gore:

Gore:

Gore:

Gore:

Gore:

Gore:

Gore:

Gore:

Gore:

Melting of Greenland in “near future”
Judge: 1000 yr is not near future

Atolls being inundated
Judge: Not true

Ocean Conveyor to shut down
Judge: Very unlikely

CO2 rise “exact fit” to warming
Judge: doesn’t establish Gore’s alleged cause

Melting Kilimanjaro
not due to global climate change

Lake Chad drying up
Judge: due to population increase

Katrina damage
Judge: “insufficient evidence to show that”

Polar bears dying
Judge: not true

Coral reefs bleaching
Judge: over-fishing and pollution contribute

18 April 2013
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5. Don't cite
authority -

Stick to the answers
of the questions

Richard Muller 18 April 2013
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6. Recognize that
the IPCC report is
not a scientific
paper

(nor was it ever
meant to be one)

Richard Muller
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IPCC 2007

f"yﬁ J‘M’Jp'lw )f // R Laaas 2 #}-«-4 W A.' pg,

MMMAM

The Himalayas could lose their ice by 2035.

Murari Lal, the coordinating lead author of the 2007 IPCC report’s chapter on Asia: there
were no solid data to support the report’s claim that Himalayas could dry up by 2035. “We
thought that if we can highlight it, it will impact policy makers and politicians and
encourage them to take some concrete action.”

Richard Muller 18 April 2013



Loss of ice at the poles
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Roald Amundsen, 1906
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Antarctica losing ice mass

Antarctic Ice Sheet Losing Mass, According to CU-Boulder Study March 2, 2006 University of
Colorado at Boulder researchers have used data from a pair of NASA satellites orbiting Earth in
tandem to determine that the Antarctic ice sheet, which harbors 90 percent of Earth's ice, has lost
significant mass in recent years.

The team used measurements taken with the Gravity Recovery and Climate Experiment, or
GRACE, to conclude the Antarctic ice sheet is losing up to 36 cubic miles of ice, or 152 cubic
kilometers, annually. By comparison, the city of Los Angeles uses about 1 cubic mile of fresh water
annually. "This is the first study to indicate the total mass balance of the Antarctic ice sheet is in
significant decline," said Isabella Velicogna of CU-Boulder's Cooperative Institute for Research in
Environmental Sciences, chief author of the new study that appears in the March 2 online issue of
Science Express.

The study was co-authored by CU-Boulder physics Professor John Wahr of CIRES, a joint campus
institute of CU-Boulder and the National Oceanic and Atmospheric Administration. The estimated ice
mass in Antarctica is equivalent to 0.4 millimeters of global sea rise annually, with a margin of error
of 0.2 millimeters, according to the study. There are about 25 millimeters in an inch.

The most recent Intergovernmental Panel on Climate Change assessment, completed in 2001,
predicted the Antarctic ice sheet would gain mass in the 21st century due to increased precipitation
in a warming climate. But the new study signals a reduction in the continent's total ice mass, with
the bulk of loss occurring in the West Antarctic ice sheet, said Velicogna.

Researchers used GRACE data to calculate the total ice mass in Antarctica between April 2002 and
August 2005 for the study, said Velicogna, who also is affiliated with the Jet Propulsion Laboratory in
Pasadena.

SciencExpress 2 March 2006 p 1/ 10.1126/science.1123785
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8. Recognize that
global warming is not
obvious
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100 years of thermometer Records
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8. Don't defend
Climategate

Richard Muller 18 April 2013



Temperature anomaly (°C)
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How to Convert a Skeptic

1. Show respect 5. Don'’t cite authority
2. Address issues objectively 6. IPCC not scientific
3. No cherry-picking 7. Warming is not obvious

4. Check your facts 8. Don’t defend Climategate

Richard A Muller
Rich@BerkeleyEarth.org

/ , BERKELEY
@

Richard Muller 18 April 2013
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How did I convert
myself?

ENERGY FOR
o FUTURE
PRESIDENTS

THE SCIENCE BEHIND THE HEADLINES

RICHARD A. MULLER
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RICHARD A.
MULLER
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While there are many indicators of climate change, the long-
esor of ege term evolution of global surface temperatures s perhaps the metric
o key indicat®

Research Article A SCITECHNOL JOURNAL

largest collection of raw data. According to the summary provided by
the Intergovernmental Panel on Climate Change (IPCC), the mean
global surface temperature (including land and oceans) has increased
064 £ 0.13°C from 1956 to 2005 at

5% confidence [1]. In a review
of temperature changes over land areas, the IPCC summarized four
reconstructions of the global land average temperature as having
trends ranging from 0.188 + 0.069°C/decade to 0.315 + 0.088°C]
decade over the time interval 1979 to 2005 [1]. However, some of this
range reflects methodological differences in how “land average” was
defined and over what regions it was computed.

The three major groups that produce ongoing temperature
reconstructions are the NASA Goddard Institute of Space Science
(NASA GISS), the National Climate Data
Oceanic and Atmospheric

enter at the National
Administration (NOAA NCDC),
the joint project of the UK Meteorological Office Climatic Re:
Unit and the Hadley Centre at the University of

and

carch

Fast Anglia (Hadley/
CRU). Their annual land-surface temperature histories are presented
in Figure 1A, as well as the available uncertainties in Figure 1B. NASA
GISS does not publish an uncertainty specific to their land-surface
data product. In Figure 1A we show that these groups report a range
of best values from 0.81 to 0.93°C when estimating the increase in
land temperatures for the 20005 decade relative to the 1950s decade,
with reported 95% uncertainties of roughly 0.15 t0 0.2°C.

During the second half of the twentieth century weather
monitoring instruments of good quality were widely deployed, yet the
quoted uncertainty on temperature change during this time period

B
MU gl A

150 20
vear

Figure 1: (Top Panel) Comparison of annual land-surface average

temporature anomalies for the thrae major research groups (2-4). For this

the Hadley s been used rather than

d average, as the simple

uncertainty specifc to heir land-surfa
nd the most recent available NOAA uncertainty for land-o
terminaes i the ate 1990s [5].
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