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   Preface 

 Like many people,  An Inconvenient Truth  first piqued my interest in 
climate change. Here was a subject about which I had heard very 
little, being presented as a major threat to humanity, with seemingly 
strong supporting evidence. As a scientist and a skeptic, I needed to 
learn more. 

 My background is in physics, with a bachelor’s degree in astrophys-
ics from the University of California at Berkeley, and a master’s degree 
in physics from the University of California at Davis. I’m an environ-
mental scientist at a private consulting fi rm, though contrary to the 
potential connotations of my job title, my work is in no way related to 
climate change. I investigate and clean up soil contamination, mostly 
from former military sites, so I’m not on the fi ctional “global warming 
gravy train.” My initial interest in the subject was purely academic, but 
my scientifi c background gave me the tools to understand the basics of 
climate science. Although it’s a complicated fi eld of science, its funda-
mental concepts are not too diffi cult to understand, and I have tried to 
explain some of them in this book. 

 Intrigued by but skeptical of the arguments laid out in  An Incon-
venient Truth , I set out to learn about the subject for myself. Much 
of my free time over the past decade has been spent reading every 
climate-related text I can get my hands on, from peer-reviewed studies 
to books to blogs and mainstream media articles. I’ve found that the 
more I learn, the more concerned I become about the threats posed by 
rapid human-caused global warming. 

 To put it bluntly, climate change is probably one of the greatest 
threats the human race has ever faced. That’s no exaggeration—we 
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have tremendous infrastructure investments in cities and agricultural 
fi elds that depend upon the climate being relatively stable, and we 
are in the process of destabilizing it. Within the next few decades, the 
Earth’s average temperature will be higher than it has been during the 
history of human civilization, over the past 10,000 years. We are con-
ducting a grand and extremely risky global experiment, and all indica-
tions are that the results will be very, very bad if we continue on our 
current path. 

 Despite facing this immense threat, most Americans either are 
entirely unconcerned about climate change, in denial that humans 
are causing the planet to warm rapidly, or consider it very low on the 
list of priorities they need to address. This is understandable to some 
degree, since global warming is a long-term threat whose effects we 
will experience relatively slowly over a period of decades, whereas we 
also face many short-term problems like wars and economic recessions 
whose effects we experience immediately. People naturally prioritize 
the immediate threats fi rst, but unfortunately they pale in comparison 
to the threats posed by climate change. 

 In my research, I’ve found that the American politicization of sci-
ence and journalism has become a major roadblock in the way of wide-
spread public understanding and acceptance of the threat posed by 
global warming. Most political liberals understand that the planet is 
warming and humans are the primary driving force, but most Ameri-
can political conservatives don’t believe either of these well-established 
facts. The scientifi c evidence and data of course have no political affi li-
ation, but ideological biases can make people reject ideas that they 
don’t want to believe. 

 Because global warming is such a huge problem, and because essen-
tially every part of our economy is so reliant on the fossil fuels that 
are causing the problem, the solution must necessarily involve gov-
ernment action. However, political conservatives oppose “big govern-
ment,” and thus many also oppose the main solutions to the climate 
change problem. The easiest way to justify opposition to a problem’s 
solutions is to deny that the problem exists, as we saw when the 
tobacco industry denied the health impacts of smoking. The tobacco 
industry hired its own scientists to argue that smoking was safe and 
to sow doubt in the public’s minds, just as fossil fuel industries have 
done with human-caused global warming. 

 The good news is that a bipartisan solution has been proposed—a 
small government, free-market, revenue-neutral carbon tax. In this sys-
tem a fee is applied to carbon emissions at the source (at the well, mine, 
or port). This causes energy and gas prices to rise, but 100 percent of the 
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revenue generated is returned to taxpayers. None is used to increase 
the size of government, and because the revenue is returned to the tax-
payers, it also has minimal fi nancial impact on people. In fact, about 
two-thirds of people will receive a regular rebate check that’s larger 
than their added energy costs. Only the biggest carbon polluters will 
pay more than they receive in return. The legislative proposal starts with 
a low carbon price that rises every year, so people can adjust their pur-
chasing decisions knowing that they can save more money by buying 
products that will lower their carbon emissions. It’s a simple proposal 
to give people a fi nancial incentive to reduce their carbon pollution 
without signifi cantly hurting their wallets or the economy. Many con-
servatives thus support the proposal, but so far no Republican politi-
cians currently in offi ce have been willing to support it. Unfortunately, 
the political atmosphere remains too partisan, and many conservatives 
view climate science as a liberal issue that they must reject. 

 While researching the many climate myths that bounce around the 
Internet and media, I came upon the website Skeptical Science, run by 
Australian John Cook. Like me, Cook had a background in physics and 
a curiosity and skepticism about climate science. Cook started to exam-
ine some of the claims made by so-called climate change “skeptics” 
(who in general are not really skeptical, but rather reject mainstream 
climate science due to their ideological biases; hence, I prefer the term 
“contrarians”) and how they stacked up against the peer-reviewed sci-
entifi c literature. Cook found that in almost every case, the contrarian 
arguments were fundamentally fl awed and contradicted by the body 
of scientifi c research, and he began to assemble a database of these 
myths and what the peer-reviewed science said about them, which 
became SkepticalScience.com. 

 Because of the quality and usefulness of the site, and the sheer num-
ber of myths that the climate change contrarians have come up with, 
Cook soon had a large readership requesting more mythbusting than 
he could keep up with. He invited other climate geeks to help him 
build his database, and I began contributing to Skeptical Science in 
September 2010. I’ve become a regular contributor, having written 
hundreds of articles and debunked dozens of the over 200 climate 
myths in the Skeptical Science database. 

 In December 2012, the British newspaper  The Guardian  announced 
that it would be creating a network of international environment blogs. 
 The   Guardian  indicated that it would set up the blogs and then “turn 
over the keys” to the individual environment bloggers.  The Guardian  
had already established itself as one of the world’s best newspapers, 
especially in terms of environment and climate reporting, so I jumped 
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at the opportunity to apply for this new blog network. So did 800 
other people. 

 Ultimately,  The Guardian  selected a dozen or 1.5 percent of the 
applicants for its environmental blog network. Despite being a Brit-
ish newspaper,  The Guardian  had an extensive global readership and 
wanted its new environment blogs to refl ect that international fl avor. 
Hence, it chose applicants from Australia, the United States, Africa, 
China, Canada, India, and South America. Fortunately,  The Guardian  
had previously republished several of my blog posts from Skeptical 
Science, so it was already familiar with my work. When I heard that 
it was also considering an application from John Abraham, a scientist 
at the University of St. Thomas in Minnesota with whom I had pre-
viously collaborated, I spoke with John and we offered to coauthor 
a blog. In May 2013,  The Guardian  established its new environmental 
blog network, including a blog run by myself and John Abraham. We 
named our blog “Climate Consensus—the 97%” for reasons that will 
become clear in this book. 

 Several factors motivated me to write this book. Science historian 
Naomi Oreskes recently criticized the climate science community for 
being reluctant to take credit for its many successful predictions. 1  I’ve 
also found that climate change contrarians are held to a much differ-
ent standard than mainstream climate scientists. If a climate scientist 
makes a minor error, it’s often blown out of proportion to create a man-
ufactured scandal. On the other hand, climate contrarians are allowed 
to constantly make false and misleading claims and are rarely held 
accountable for their constant errors. Numerous contrarians have told 
us for years that global warming is nothing to worry about and the 
planet will start to cool any day now. The planet continues to warm, 
and yet people continue to listen to these same contrarians. It seems 
as though their credibility is indestructible. They can be wrong about 
every single one of their climate-related assertions for decades on end, 
and yet they continue to be treated as credible “skeptic” experts by the 
mainstream media, who seem desperate to fi nd those few seemingly 
credible scientists to “balance” the vast majority of climate experts 
who agree that humans are the main cause of global warming. 

 Unfortunately, we’re rapidly running out of time to realistically be 
able to achieve suffi cient greenhouse gas emissions cuts to avoid very 
dangerous climate change. Doing so will require international coop-
eration, and the United States, as one of the wealthiest nations and 
the world’s largest historical emitter, is a key to international negotia-
tions. In international climate talks, both China and India have agreed 
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to commit to emissions cuts, but fi rst they need the big historical emit-
ters like the United States to start taking serious steps to address it. It 
only makes sense for the countries that have contributed the most to 
the problem and become wealthy by exploiting fossil fuels to take the 
fi rst steps to resolve it. 

 However, the odds of the United States taking serious action to 
reduce our greenhouse gas emissions are not promising because the 
climate disinformation campaign has been so effective in misinform-
ing the public. A large percentage of Americans think there is major 
disagreement between climate scientists on the subject and that “the 
science isn’t settled.” In this book, we’ll see that scientists have under-
stood the basic science behind global warming for over a century, cli-
mate scientists have been accurately predicting global warming for 
over 40 years, and their predictions have been getting better and bet-
ter as we grow to understand more nuances about how the global cli-
mate operates. Those predictions show that we’re rapidly running out 
of time to address the problem. The good news is that we still have 
time, and we have all the technology we need to solve the problem. All 
that’s missing is the will. 

 The stakes are exceptionally high. The climate is already changing 
at a dangerously rapid rate, and the faster it changes, the more dif-
fi cult it will be for species to adapt to those changes. As we’ll see later 
in the book, due to a number of human infl uences including climate 
change, species are already becoming extinct at a rate that suggests we 
could be headed toward a mass extinction event—only the sixth in the 
Earth’s entire history. 

 The fi rst chapters of this book discuss some important discoveries 
in the history of climate science, to lay out the fundamental physics 
on which the science is based, which has been established for a very 
long time. The main purpose of the book is to test the various global 
warming and cooling predictions made by mainstream climate scien-
tists and climate change contrarians over the years, to see who has 
been right, and, as Oreskes suggested, to give those who have made 
accurate predictions their due credit. Some of the results may surprise 
you, as they did me. 

 The fi nal chapter of the book examines what the most accurate pre-
dictions to date show that we have in store for the future and looks 
at some possible options to alter our current course. Ultimately, the 
purpose of this book is to examine global warming and cooling pre-
dictions with a truly skeptical eye and see which stand up to scrutiny.  
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  1 

 The Origins of Climate 
Science and Denial 

 People often mistakenly think of climatology (the study of how the 
Earth’s climate functions) as a young field of science. Although cli-
mate scientists have only been creating complex models to simulate 
the Earth’s climate in great detail for a few decades, we’ve understood 
the basic mechanisms that drive changes in the Earth’s temperature 
and climate for well over a century. 

 In this chapter, we’ll examine some of the early scientifi c discov-
eries that helped scientists understand the Earth’s greenhouse effect 
and its importance in driving changes in the global temperature and 
climate throughout the Earth’s history, but especially since humans 
began pumping billions of tons of carbon pollution into the atmo-
sphere every year. 

 These groundbreaking scientifi c discoveries became the foundation 
of the fi eld of research we now know as climatology. The fi rst of these 
key scientifi c breakthroughs came nearly two centuries ago. 

  1820s 

 Jean Baptiste Joseph Fourier was a French mathematician and physi-
cist in the late 18th and early 19th centuries. His ideas established our 
first understanding of how human activity can impact the Earth’s cli-
mate. In the 1820s, Fourier calculated that, given the size of the Earth 
and its distance from the sun, if the planet were warmed solely by 
solar energy, it should be much colder than it is. 

 Fourier suggested a few mechanisms that could account for the 
Earth’s extra warmth. One of his ideas, based on an experiment by 
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fellow physicist Horace-Bénédict de Saussure, was that air might 
absorb heat rising from the Earth’s surface, preventing it from escap-
ing into space, thus warming the planet. 

 Fourier’s idea is widely recognized as the fi rst proposal of what we 
call “the greenhouse effect.” 1  This fundamental scientifi c basis behind 
the human-caused global warming theory was established nearly two 
centuries ago, and the physicists who followed Fourier continued to 
build upon his theory. 

 Consistent with Fourier’s proposal, greenhouse gases are molecules 
that absorb radiation at infrared wavelengths. Radiation from the sun 
arrives on Earth mainly in the visible and ultraviolet wavelengths. The 
planet absorbs this radiation and then reradiates it away as heat in 
the infrared wavelengths. Greenhouse gases in the atmosphere then 
absorb this infrared radiation and reemit it in all directions. Some of it 
gets sent out into space, but some of that energy is directed back toward 
the Earth’s surface. It’s similar to adding another blanket to your bed; 
less heat is allowed to escape, and this keeps the layers below warmer. 

 Despite our nearly 200-year understanding of the greenhouse effect, 
in recent years, it has become very popular for climate contrarians 
to argue that carbon dioxide can’t be responsible for global warm-
ing because there’s so little of it in the atmosphere. Carbon dioxide 
makes up 400 parts per million (ppm) of the atmosphere, which is just 
0.04 percent. Many climate contrarians have argued that, as such, a 
small trace gas as carbon dioxide certainly can’t be dangerous. 

 There are a few reasons why this argument is fundamentally incor-
rect. First, the concentration of a substance isn’t enough information to 
determine whether it poses a threat. 2  For example, arsenic in drinking 
water is considered a threat to human health at 0.01 ppm (0.000001 per-
cent). Dioxins in soil are considered a health threat at about one part 
per trillion (0.0000000001 percent). In the United States, it’s against the 
law to drive with a blood alcohol level of just 0.08 percent. So even 
trace amounts of certain substances can be dangerous if, for example, 
they’re highly toxic. In the case of carbon dioxide, its effectiveness as 
a greenhouse gas (a.k.a. its “global warming potential”) is another 
important piece of information. There are a number of greenhouse 
gases with higher global warming potentials than carbon dioxide, but 
carbon dioxide is a signifi cantly more effective greenhouse gas than 
water vapor, which is the only greenhouse gas more common in the 
Earth’s atmosphere than carbon dioxide. 

 The second major fl aw in this argument is that the greenhouse effect 
cannot be diluted. Ninety-nine percent of the molecules in the Earth’s 
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atmosphere are not greenhouse gases, which is why the amount of 
carbon dioxide in the atmosphere seems so small. However, these 
non-greenhouse gases don’t make the greenhouse effect any weaker. 
Doubling or halving the amount of nitrogen, oxygen, and argon in the 
atmosphere would have very little effect on the amount of infrared 
radiation absorbed and reemitted by its greenhouse gases. 

 Many climate contrarians emphasize the atmospheric percentage 
of carbon dioxide in order to misinform the public, because it  sounds  
small. 3 , 4 , 5  However, what really matters is the total amount of green-
house gases in the atmosphere; the percentage tells us very little, and 
focusing on that number can be very misleading. 

 As Jean Baptiste Joseph Fourier realized nearly 200 years ago, the 
Earth would be a much colder place if not for the greenhouse gases in 
the atmosphere.  

  1859 

 John Tyndall was a prominent British physicist in the mid-19th cen-
tury and also an avid Alpine mountaineer. While climbing in the Alps, 
Tyndall studied glaciers. In the process, he became convinced that tens 
of thousands of years ago, all of northern Europe was covered by ice. 
For this theory to be true, Tyndall was forced to explain how the cli-
mate could warm dramatically enough to make so much ice disappear. 
Jean Baptiste Joseph Fourier’s greenhouse effect provided a possible 
explanation. 

 In 1859, Tyndall set up laboratory experiments to measure the 
amount of heat absorbed by various greenhouse gases and was the 
fi rst scientist to measure the greenhouse effect. 6  Tyndall correctly con-
cluded that because of the large amount of water vapor in the atmo-
sphere, it is responsible for the biggest fraction of the greenhouse effect 
on Earth. Tyndall’s experiments also showed that carbon dioxide is 
an effective greenhouse gas and plays a signifi cant role in the Earth’s 
greenhouse effect. 7  

 Tyndall also arrived at another important conclusion: that the planet 
would be much colder at night if not for the greenhouse effect. At 
night, when there’s no solar radiation bombarding the Earth’s surface, 
greenhouse gases continue absorbing heat, thus keeping the surface 
relatively warm. 

 Today, many of the lines of observational evidence supporting the 
human-caused global warming are not very widely known. Because 
of this, many people don’t believe that a convincing case linking 
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human greenhouse gas emissions to the current global warming exists. 
Although most people realize that the planet is warming, many believe 
it’s just as likely that the warming could be natural rather than human 
in origin. 

 However, we can apply Tyndall’s conclusion regarding greater 
warming at night than during the day to test whether greenhouse 
gases are responsible for global warming. If the current warming is 
due to an increased greenhouse effect, and the greenhouse effect plays 
a larger role at night, then we would expect to see more warming at 
night than during the day over the past century. However, if, for exam-
ple, the warming were due to increased solar activity, we would expect 
to see greater warming during the day, when solar energy is bombard-
ing the planet’s surface. 

 Climate scientists have examined the global warming trends at 
night and during the day, and the observational data confi rms that, 
consistent with man-made global warming, the planet has warmed 
more at night than during the day. 8  This is one of many key observa-
tional “fi ngerprints,” which demonstrate that the current warming is 
being caused by human infl uences. 9  

 Perhaps the single most convincing of these fi ngerprints is the cool-
ing of the upper atmosphere. As Fourier suggested, greenhouse gases 
prevent some heat from escaping into space by absorbing and reemit-
ting it in all directions. In addition, most greenhouse gases reside in 
the lower atmosphere (the troposphere). Thus, when we release more 
carbon dioxide into the atmosphere, more heat is trapped in the lower 
atmosphere. As a result, if global warming is caused by this increased 
greenhouse effect, we expect to see less heat reaching the upper layers 
of the atmosphere, causing them to cool. Once again we would expect 
to see the opposite if the sun were causing global warming, because 
the increased solar radiation would warm all layers of the atmosphere. 
In fact, aside from an increased greenhouse effect, there aren’t very 
many ways to explain why the upper atmosphere would cool as the 
Earth’s lower atmosphere and surface warms. 

 Satellites and weather balloon measurements have observed exactly 
that the upper atmosphere has cooled while the lower atmosphere has 
warmed. 10 , 11  These are just two of the many fi ngerprints of man-made 
global warming observed by climate scientists. Combined with funda-
mental physics, 12  this scientifi c evidence quite clearly demonstrates that 
the current global warming is predominantly caused by the increase in 
atmospheric greenhouse gases, consistent with John  Tyndall’s experi-
ments over 150 years ago. 
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 There are also many lines of evidence proving that the increase in 
atmospheric greenhouse gases is due almost entirely to human activi-
ties (mainly burning fossil fuels and deforestation). 13  The clearest line 
of evidence involves simple accounting. Humans are emitting about 
30 billion tons of carbon dioxide per year, but the amount in the atmo-
sphere is only increasing by about 15 billion tons per year. Half of our 
carbon emissions are absorbed by plants and the oceans, and the other 
half ends up in the atmosphere. Simply put, our carbon emissions 
have to go somewhere.  

  1896 

 Svante Arrhenius was a Swedish physicist and chemist in the late 
19th and early 20th centuries, who won the Nobel Prize for chemis-
try in 1903. In the late 1890s, Arrhenius set out to quantify how much 
greenhouse gases warmed the planet. After spending a year perform-
ing thousands of calculations using readings taken by American as-
tronomer Samuel Langley, who had tried to work out how much heat 
the Earth received from the full moon, Arrhenius concluded that dou-
bling the amount of carbon dioxide in the atmosphere would cause 
the planet to warm 5 to 6 degrees Celsius (°C), or about 9 to 11 degrees 
Fahrenheit (°F). 14  Amazingly, this estimate is within a factor of two of 
the estimates by today’s climate scientists, who believe doubling at-
mospheric carbon dioxide will cause 1.5 to 4.5°C (2.7 to 8.1°F) of global 
surface warming. 

 As a result of this work, some have referred to Arrhenius as “the 
father of climate change.” 15  Arrhenius also concluded that if humans 
continued to burn coal at the rate it was being burned in 1896, car-
bon dioxide levels would steadily increase, rising by about 50 percent 
in 3,000 years. In a 1908 paper, Arrhenius concluded that this rise in 
carbon dioxide would have a number of benefi ts, including possibly 
preventing the next ice age. 16  

  By the influence of the increasing percentage of carbonic acid in the 
atmosphere, we may hope to enjoy ages with more equable and bet-
ter climates, especially as regards the colder regions of the earth, ages 
when the earth will bring forth much more abundant crops than at 
present, for the benefit of rapidly propagating mankind.  

 Of course, our rate of fossil fuel consumption has increased con-
siderably since Arrhenius’s time. In fact, over the past 150 years, the 
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amount of carbon dioxide in the atmosphere has increased 40 percent. 
This is a rate of increase nearly 20 times faster than Arrhenius antici-
pated, and if we continue on our current path, atmospheric carbon 
dioxide will double preindustrial levels by the mid-21st century. 

 Arrhenius’s optimistic perspective on the carbon dioxide increase 
is mirrored by many of today’s climate contrarians, who argue that it 
will result in many positive consequences, like improved plant growth 
and fewer cold-related deaths. Unfortunately, the world is not so 
simple. Over the past few decades, the total amount of vegetation has 
increased globally, as Arrhenius anticipated. 17  However, carbon diox-
ide is not the only factor that affects plant growth. 

 In a real greenhouse, if we keep temperature and moisture steady at 
ideal levels and increase the amount of available carbon dioxide, plants 
will grow larger. On the other hand, when we increase the amount of 
carbon dioxide in the Earth’s atmosphere, we can’t hold these other 
factors steady. The planet warms, resulting in more evaporation, leav-
ing less moisture in the soil for plants. More moisture is transported to 
the atmosphere, which results in stronger storms. 

 Global warming also tends to occur fastest near the poles. This is due 
in large part to the amount of ice there; when it melts, instead of being 
covered in refl ective ice, the dark oceans below are uncovered. Darker 
surfaces absorb more sunlight, amplifying the existing warming in the 
region. Because the high latitudes warm most quickly, this decreases 
the temperature difference in the atmosphere between the poles and 
the equator. This in turn makes storms move more slowly, and because 
of the increased evaporation, those storms hold more water. 

 As a result, areas that are already wet are generally expected to 
get wetter, because they’ll be hit by stronger, slower-moving storms. 
Areas that are already dry are generally expected to get drier, because 
the storms will have dumped most of their precipitation before they 
reach the already dry areas. For this reason, global warming results in 
more “extreme weather” such as fl oods and droughts, neither of which 
is benefi cial for plant growth. Recent studies have concluded that 
the severity of droughts will increase substantially in many regions 
around the world over the next century if we continue on our current 
high-carbon emissions path. 18  

 There are many other factors that impact plant growth as well. The 
bottom line is that continuing to increase atmospheric carbon  dioxide 
will benefi t some plant species and harm others. We’re effectively 
 conducting a grand global biological experiment, and a dangerous one 
at that. 19  
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 There are a number of other adverse consequences to increas-
ing atmospheric carbon dioxide as well. 20  Ocean acidifi cation is one 
such negative consequence that is all too frequently overlooked. The 
oceans absorb much of the additional carbon that humans pump into 
the atmosphere, and as a result of a chemical reaction, this causes the 
pH of the oceans to decrease. 21  This ocean acidifi cation is happening 
at a very fast rate. Endorsed by 70 academies of science from around 
the world, a June 2009 statement made by the InterAcademy Panel on 
International Issues is as follows: 22  

  The current rate of change is much more rapid than during any event 
over the last 65 million years. These changes in ocean chemistry are 
irreversible for many thousands of years, and the biological conse-
quences could last much longer.  

 As the oceans become more acidic, it becomes more diffi cult for 
marine life like corals and shellfi sh to form the hard shells necessary 
for their survival. Coral reefs provide a home for more than 25 per-
cent of all oceanic species, so the damage done to corals through ocean 
acidifi cation can result in a domino effect. In addition, tiny creatures 
called “pteropods” located at the base of many oceanic food chains can 
be seriously impacted by ocean acidifi cation. The degradation of these 
species at the foundation of marine ecosystems could lead to the col-
lapse of these environments with devastating implications to millions 
of people in the human populations that rely on them. 23  

 Ultimately, the main problem is that humans are causing the global 
climate to change so rapidly that it will be diffi cult for many species 
to adapt quickly enough to the changing environment. There will cer-
tainly be some positive consequences to come out of these changes, but 
scientifi c research indicates that in all likelihood, the negative conse-
quences will far outweigh the positives.  

  1900 

 Another Swedish physicist Knut Ångström may reasonably be consid-
ered the first climate change skeptic (although his motivations were 
very different from those of today’s contrarians; Ångström was a gen-
uine skeptic). Ångström was unconvinced by Arrhenius’s calculations 
regarding the warming effects of increased atmospheric carbon diox-
ide, and he set up a laboratory experiment to test his conclusions. Ång-
ström asked his assistant to measure the passage of infrared radiation 
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through a tube filled with carbon dioxide. The assistant put in a some-
what lower carbon dioxide concentration than that found in the Earth’s 
atmosphere and then cut the amount by one-third. The amount of ra-
diation passing through the tube changed only 0.4 percent between the 
two experiments, and thus Ångström concluded that carbon dioxide 
was such an effective greenhouse gas that the greenhouse effect be-
came saturated even at low concentrations. Therefore, Ångström con-
cluded that adding more carbon dioxide to the atmosphere would not 
increase the greenhouse effect or cause any further warming. 24  

 Ångström’s conclusion has more recently been referred to as “the 
saturated gassy argument.” 25  The primary fl aw in the argument is that 
the Earth’s atmosphere behaves as a series of many different layers, 
whereas Ångström treated it as one large slab. Even if the greenhouse 
effect were saturated in the lower layers of the atmosphere, the amount 
of infrared radiation reaching space would still depend on the green-
house effect in the higher layers of the atmosphere. Some of the infra-
red radiation absorbed by the greenhouse gases in the lower layers 
of the atmosphere is reemitted upward, where it’s likewise absorbed 
and reemitted by the greenhouse gases in the higher layers. Adding 
more carbon dioxide to these higher layers will thus make it more dif-
fi cult for the infrared radiation to escape into space, and the planet will 
warm as a result. Returning to our previous analogy, adding more car-
bon dioxide to the atmosphere is like putting more blankets on a bed. 

 Indeed, climate scientists have used satellites to measure a decrease 
in the amount of infrared radiation leaving Earth, 26  and instruments 
on the surface to measure an increase in the amount of infrared radia-
tion reaching the Earth’s surface. 27 , 28  These measurements prove that 
the greenhouse effect is not saturated. 29  Arrhenius was right, and Ång-
ström was wrong. 

 Despite the fact that Arrhenius’s fi ndings are over a century old, 
and as the next chapters will show, subsequent research proved him 
right over a half century ago, many of today’s climate change contrar-
ians continue to make Ångström’s “saturated gassy argument.” 

 For example, Senator James Inhofe (R-OK) is the most vocal global 
warming contrarian in the entire U.S. government, having announced 
on the U.S. Senate fl oor in 2003 that global warming is “the great-
est hoax ever perpetrated on the American people.” 30  Marc Morano 
was Senator Inhofe’s communications director from 2006 to 2009 and 
more recently has created a website called “Climate Depot” to spread 
disinformation about global warming and climate science in general. 
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In 2007, while acting as Senator Inhofe’s communications director, 
Morano gave an interview in which he made the same faulty carbon 
dioxide saturation argument as Ångström had made over a century 
earlier. 31  In fact, as discussed in chapter 5 of this book, the saturated 
gassy argument even continues to make its way into scientifi c articles 
to this very day, though not in articles written by climate scientists. 

 The fact that this long-debunked argument is still made today goes 
to show that climate contrarianism is based on a failure to consider the 
full body of scientifi c evidence and research, and a failure to learn from 
the past. As philosopher George Santayana put it, 

  Those who cannot remember the past are condemned to repeat it. 32     



 2 

 The Growth and Development 
of Climate Science 

 Our scientific understanding of the workings of the Earth’s climate 
grew slowly but surely through the early and mid-20th century. There 
was relatively little research in the field of climatology in the early 
1900s, but that began to change toward the middle of the century as 
our technology improved and the military began developing weapons 
that were based on science related to the Earth’s greenhouse effect. 

 Once this military research interest kicked in, some important cli-
mate research papers were published, and the scientifi c fi eld began to 
develop and advance at a rapid pace. 

  1938 

 Although we now recognize the fundamental errors in Knut Ång-
ström’s arguments about greenhouse effect saturation, most scientists 
in the early 20th century found them convincing. Up until the mid-20th 
century, there were only a few scientists who continued to build upon 
Arrhenius’s work, trying to determine how much global warming hu-
mans could cause by burning fossil fuels. 

 Guy Callendar was one of those scientists. Callendar was an English 
steam engineer and inventor who also studied the greenhouse effect. 
Callendar compiled various measurements of temperature and atmo-
spheric carbon dioxide and concluded that both were rising. Although 
atmospheric carbon dioxide measurements at the time were a chal-
lenge because they could be biased by local carbon dioxide sources 
like factories, Callendar estimated that atmospheric carbon dioxide 
had increased by 10 percent over the prior 100 years. 1  This estimate 
has turned out to be remarkably accurate, as current measurements 
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place the atmospheric carbon dioxide increase over this period at 
about 9 percent. 2  

 In 1938, Callendar published a paper in which he argued that the 
global warming in the early 20th century was caused by the increased 
greenhouse effect from this rise in atmospheric carbon dioxide. 3  We 
now know that most of the global warming during this period was 
caused by natural effects, such as an increase in solar activity and low 
volcanic activity (volcanoes cause short-term cooling effects by releas-
ing particulates into the atmosphere that block sunlight). However, 
human carbon dioxide emissions did also play a signifi cant role in this 
warming, and Callendar’s work paved the way for future improve-
ments in our understanding of the human role in climate change. 

 Between 1910 and 1940, the Earth’s average surface temperature 
warmed about 0.4°C (0.7°F). Atmospheric carbon dioxide increased 
only approximately 5 percent during this time frame, so although it 
played a role, causing approximately one-quarter to one-third of this 
early 20th-century global warming, the warming was mostly due to 
natural causes. 4  

 Some climate contrarians argue that because the early 20th-century 
warming was mainly natural, that means the current global warm-
ing could also be mostly natural. 5  It’s true that hypothetically current 
warming  could be  caused by natural effects, but in reality, it’s not. This is 
a logical fallacy, like arguing that because people died of natural causes 
before cigarettes were invented, smoking doesn’t kill people now. 

 In the early 20th century, there was a fairly signifi cant increase in 
solar activity, and thus in the amount of solar energy reaching the 
Earth’s surface. This increase in solar activity was enough to cause 
approximately 0.1°C (0.2°F) global surface warming, similar to the 
amount of warming caused by the increased greenhouse effect during 
that same period. As previously noted, this was also a period with few 
signifi cant volcanic eruptions, and some of the warming was probably 
also caused by ocean cycles which can impact short-term temperatures 
over a period of up to a few decades. 

 However, since 1950, solar activity has been fl at on average, even 
declining slightly. Volcanic activity has increased somewhat over this 
period. So the natural factors that caused most of the early 20th-century 
global warming have actually had a small cooling effect since the 
mid-20th century. 6  Climate scientists have examined all factors known 
to impact the Earth’s temperature, and since 1950, almost all of the 
observed global warming is due to the increased greenhouse effect 
from humans burning fossil fuels.  
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 1956 

 In the 1950s, as a consequence of World War II and the Cold War, there 
was a significant increase in U.S. government funding (particularly 
from the military) for studying the Earth’s atmosphere and oceans. For 
example, the military funded research dealing with infrared radiation in 
the atmosphere to develop heat-seeking missiles, and absorption of in-
frared radiation in the atmosphere is what causes the greenhouse effect. 

 In 1956, Canadian-American physicist Gilbert Plass made use 
of early electronic computers to calculate the warming effect of the 
increased greenhouse effect caused by adding carbon dioxide to the 
atmosphere. Plass published a paper concluding that Ångström was 
wrong regarding the saturation of the greenhouse effect and that dou-
bling the amount of carbon dioxide in the atmosphere would cause 
between 2.5 and 3.8°C (4.5 to 6.8°F) global warming, depending on 
how cloud cover responds to that warming. 7  Clouds tend to refl ect 
sunlight and thus generally have a cooling effect, although they also 
cause warming via the greenhouse effect; on average, the cooling effect 
is larger. 

 In another paper published in 1956, Plass warned of the dangers 
associated with conducting a grand global climate experiment by dra-
matically increasing the amount of carbon dioxide in the atmosphere. 8  

  If at the end of this century, measurements show that the carbon diox-
ide content of the atmosphere has risen appreciably and at the same 
time the temperature has continued to rise throughout the world, it 
will be firmly established that carbon dioxide is an important factor 
in causing climatic change.  

 The total amount of global warming (or cooling) caused by an 
energy imbalance (a.k.a. “radiative forcing”) on Earth is known as “cli-
mate sensitivity.” For example, we know from fundamental physics 
that by itself, if we double the amount of carbon dioxide in the Earth’s 
atmosphere, the corresponding global energy imbalance caused by the 
increase in the greenhouse effect will be enough to warm temperatures 
on the planet’s surface by about 1.2°C (2.1°F). 

 However, when the planet warms, other effects that infl uence its 
temperature are also triggered. These are known as “feedbacks,” 
and they can either amplify or dampen the warming or cool-
ing effect. For example, when the atmosphere warms, it can hold 
more water vapor. As another greenhouse gas, increased amounts 
of atmospheric water vapor also increase the greenhouse effect, 
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causing further warming (a positive, amplifying feedback). Another 
example is ice, which is very refl ective. When the planet warms and 
ice melts, it reveals the darker surface below, making the planet less 
refl ective (this refl ectivity is also known as “albedo”), causing the 
Earth to absorb more solar radiation and warm further (another 
positive feedback). 

 Cloud cover is probably the trickiest feedback to predict, because 
not only is it diffi cult to determine how different types of clouds will 
respond to a warming world, but clouds have both warming (by trap-
ping heat) and cooling (by refl ecting sunlight) effects. High-elevation 
clouds tend to have a net warming effect by trapping more heat, 
whereas low-elevation clouds tend to have a net cooling effect by 
refl ecting more sunlight. 

 Water vapor and melting ice are two of the largest feedbacks, and 
because they’re both positive and amplifying, the increased green-
house effect will cause more global warming than would result from 
carbon dioxide alone. Climate sensitivity is commonly measured as 
the total amount of global warming that will result from a doubling of 
atmospheric carbon dioxide and is a very important concept. 

 Climate scientists have found many different ways to estimate the 
Earth’s climate sensitivity. 9  They have examined past climate changes 
over hundreds of thousands to millions of years, as determined from 
measurements of data obtained in ice cores and other geologic records 
(this is called “paleoclimate” research). They have examined more 
recent climate changes over the past few thousand years, and over the 
past 150 years, during which time we have the most accurate measure-
ments. Climate scientists have also examined the climate’s response 
to recent large volcanic eruptions (which cause short-term cooling by 
blocking sunlight) and changes in solar activity, which cause a large 
enough energy imbalance to allow for a measurement of the Earth’s 
temperature response. They also run climate models that simulate the 
Earth’s climate, to see how much warming they predict in response to 
a given energy imbalance. 

 Remarkably, all of these different methods of estimating climate sen-
sitivity are in good agreement with each other, and with Plass’s 1956 
estimates. They all indicate that if the amount of carbon dioxide in the 
atmosphere doubles, once the Earth’s climate reaches a new energy 
equilibrium and stops warming, its average surface temperature will 
have increased between 1.5 and 4.5°C (2.7 to 8.1°F). 10  

 For a short period of time between about 2012 and 2014, a few stud-
ies were published that were exceptions to this rule. These studies 
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combined recent observational data with simple climate models and 
seemed to conclude that the climate sensitivity was somewhat lower 
than estimates based on geologic records or complex climate models. 
The so-called energy balance studies began arriving at an estimate that 
the planet’s surface would warm closer to 2°C (3.6°F) in response to a 
doubling of carbon dioxide in the atmosphere, 11 , 12 , 13  whereas the other 
methods consistently arrived at best estimates closer to 3°C (5.4°F). 
It’s important to note that the results of these different approaches all 
overlapped within their margins of error, but their best estimates were 
nevertheless different. 

 For a while these “energy balance” results were a bit mysterious—why 
didn’t they agree with the other methods to estimate the sensitivity of 
the Earth’s climate? A paper published in March 2014 by Drew Shin-
dell at the National Aeronautics and Space Administration (NASA) 
suggested an explanation. 14  Shindell had coauthored one of the afore-
mentioned papers that arrived at a lower best estimate of the climate 
sensitivity, but subsequently believed he found a fundamental error in 
the approach that he and his colleagues took in that study. 

 In their approach, the scientists had assumed that the various fac-
tors causing global energy imbalances were all equally effi cient at 
changing the Earth’s surface temperature. Any effect causing an 
energy imbalance of 1 Watt over a square meter of the Earth’s surface 
was assumed to cause the same amount of global warming. However, 
James Hansen, a world-renowned climate scientist also from NASA, 
had fi rst noted in a 1997 paper that climate infl uences have a bigger 
effect on global temperatures in the Northern Hemisphere. 15  

  A forcing at high latitudes yields a larger response than a forcing at 
low latitudes. This is expected because of the sea ice feedback at high 
latitudes and the more stable lapse rate at high latitudes.  

 In his 2014 study, Shindell realized that while greenhouse gases are 
well mixed throughout the atmosphere, aerosols and ozone are more 
concentrated in the Northern Hemisphere. Using several different cli-
mate models, he found that the temperature response to ozone and 
aerosol changes was thus up to 50 percent larger than the response to 
changes in greenhouse gases. His results suggested that this discrep-
ancy could potentially explain why the climate sensitivity best esti-
mates in recent energy balance studies were arriving at lower values 
than other approaches. It seemed as though they were the odd ones 
out for a reason. 
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 Texas A&M University scientists John Kummer and Andrew Dessler 
published a paper following up on Shindell’s study in May 2014. 16  
Dessler described their approach to me. 

  I view my paper as a follow-on to Shindell’s paper. What he showed 
in his paper was that climate models respond more strongly to forc-
ing from aerosols and ozone. What we show our paper is that if we 
take his result, and re-analyze the 20th-century observational re-
cord then we get a higher climate sensitivity than [studies] which 
assumed that all forcing was equally effective. Taking efficacy into 
account, our climate sensitivity is right in the middle of the values 
derived from other sources. So this allows us to bridge the gap be-
tween the various estimates of climate sensitivity and converge on a 
value around 3°C.  

 In short, Shindell showed that according to models, the climate is sig-
nifi cantly more sensitive to changes in aerosols and ozone than green-
house gases, perhaps by as much as 50 percent. Kummer and Dessler 
showed that if the climate is 33 percent more sensitive to changes in 
aerosols and ozone, then the energy balance estimates are right in line 
with those derived from historical climate changes and global climate 
models, with a best estimate of 3°C (5.4°F) warming in response to a 
doubling of atmospheric carbon dioxide. If their results are correct, 
then there is once again near universal agreement using all available 
methods that global surface temperatures will warm between about 2 
and 4.5°C (3.5 to 8.1°F) in response to the increased greenhouse effect 
from doubled atmospheric carbon dioxide, with a most likely value of 
3°C (5.4°F). 

 In Gilbert Plass’s day, the net feedback effect of clouds on global 
warming was also a mystery, and it’s still an open question more than 
50 years later. Climate contrarians seize on this uncertainty to argue 
that clouds will act as a big dampening effect and save us from danger-
ous global warming. For example, Richard Lindzen is one of the few 
climate scientists who is unconcerned about climate change, because 
he believes clouds will act as a large negative feedback, dampening 
global warming (more about Lindzen in chapters 3 and 6). 

 The fi rst problem for climate contrarians is that there are very few 
known feedbacks that will signifi cantly dampen climate change, 
whereas we know that water vapor and melting ice will signifi cantly 
amplify global warming. Clouds are probably their best shot. 
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 The second problem for climate contrarians is that there’s no evi-
dence that clouds act as a signifi cant dampening feedback. As dis-
cussed earlier, all evidence (past climate change records, climate 
models, recent observational data, etc.) paint a consistent picture that 
the net effect of feedbacks will signifi cantly amplify the global warm-
ing caused by the increasing greenhouse effect. Research into the cloud 
feedback specifi cally, for example, by the aforementioned Andrew 
Dessler, suggests that clouds act as a weak positive feedback in the 
short term, although their long-term effect is still an open question. 17  

 On top of that, the fact that a variety of different methods all arrive 
at approximately the same estimated range of the overall sensitivity of 
the climate is yet another problem for contrarians. If clouds or some 
other effect did act to signifi cantly dampen global warming in reality, 
we would see it in the geologic record, or in climate models, or in the 
other methods used to estimate climate sensitivity. The energy balance 
estimates were their last best chance, but now they appear to be in 
agreement with the other methods of estimating climate sensitivity, 
and those estimates indicate that the Earth’s overall sensitivity to the 
increased greenhouse effect is relatively high. 



 3 

 The Astounding Accuracy 
of Early Climate Models 

 The 1960s and 1970s were a time of rapid growth in the field of climate 
science. Improvements in computing technology and our understand-
ing of the climate allowed scientists to create simple climate models 
to predict how the Earth would respond to increases in atmospheric 
carbon dioxide and other climate influences. 

 Technically, any representation of the Earth’s climate is a climate 
model. These can range from a simple equation to a complex math-
ematical and physical representation of the many different interactions 
in the global climate. The better we understand how the climate oper-
ates, the more complexity we can put into a model, which will make its 
representation of the Earth’s climate more and more accurate. 

 In the 1970s, climate scientists understood some of the basic inner 
workings of the climate: for example, that increasing greenhouse gases 
in the atmosphere would cause warming and that the Earth’s oceans 
and atmosphere interact with each other, exchanging heat. However, 
there were a lot of aspects about how the climate works that scientists 
did not yet understand. In addition, computer technology was still rel-
atively primitive, so the models developed at the time were very basic 
representations of the climate (as opposed to today’s climate models, 
which are extremely complex and run on some of the world’s fastest 
supercomputers). 1  

 One of the major challenges of the 1970s was to determine whether 
dueling warming or cooling climate effects would win out. In the wake 
of World War II, economies were growing fast and human fossil fuel 
consumption had accelerated, with carbon dioxide emissions along 
with it. However, sulfur dioxide is another by-product of fossil fuel 
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combustion, which creates sulfate aerosols. These are small particu-
lates that remain suspended in the atmosphere for about a year or two 
after they’re fi rst released. Sulfate aerosols have a direct cooling effect 
on the planet because they scatter incoming sunlight, and they also 
have an indirect cooling effect by seeding clouds, which in turn refl ect 
sunlight when they form. 

 Leading up to the 1970s, both human carbon dioxide and sulfur 
dioxide emissions were rapidly accelerating. Between 1940 and 1970, 
there was little change in the Earth’s average surface temperature, as 
the carbon dioxide warming and sulfur dioxide cooling roughly can-
celed each other out. The challenge for climate scientists was in deter-
mining which of these dueling effects would win out in the long run. 

  1971 

 In 1971, climate scientists S. Ichtiaque Rasool and Stephen Schneider 
published a famous paper predicting that if the amount of sulfate aero-
sols in the atmosphere quadrupled, it would be sufficient to cause a 
global cooling of up to 3.5°C (6.3°F). 2  This amount of global cooling 
would be sufficient to effectively trigger a new ice age.  Time  magazine 
in 1974 and  Newsweek  magazine in 1975 ran stories based on Rasool 
and Schneider’s work and similar studies, painting a bleak picture 
about impending global cooling and a potential new ice age. 3  Many 
climate contrarians have seized upon these studies and magazine ar-
ticles to argue that since climate scientists supposedly got their global 
cooling predictions wrong in the 1970s, they could be getting their 
global warming predictions wrong now. It’s the popular “they were 
predicting global cooling in the 1970s” myth. 

 There are two major fl aws in this climate contrarian argument. First, 
a scientifi c literature review between 1965 and 1979, performed by 
Thomas Peterson of the National Oceanic and Atmospheric Admin-
istration and colleagues, found that over 60 percent of studies during 
this time predicted future global warming, whereas only 10 percent 
predicted global cooling (the remainder did not make predictions one 
way or the other). 4  So in reality, climate scientists in the 1960s and 
1970s were predicting global warming by a wide margin ( Figure 3.1 ).  

 The second fl aw in this argument is the failure to consider why the 
global cooling scenarios were not realized. For example, Rasool and 
Schneider were very clear in predicting global cooling  if  human sulfur 
dioxide emissions continued to accelerate, as they were leading up to 
the 1970s. 
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 This is technically called a “projection” and not a “prediction.” 
A projection predicts what will happen in a specifi c scenario; if the sce-
nario isn’t realized, that doesn’t make the projection wrong; it means 
the projection isn’t applicable. For example, if I say “I’ll gain 10 pounds 
if I go on an all-ice cream diet,” but I don’t start eating ice cream at 
every meal, that doesn’t mean I’ve made an incorrect prediction if 
I don’t gain 10 pounds. 

 That was the case for the global cooling projections. Sulfur dioxide 
also causes acid rain and public health problems, which were growing 
concerns during the late 1960s and early 1970s. As a result, a number 
of countries passed or amended Clean Air Acts to address the human 
and environmental health concerns associated with the rising sulfur 
aerosol pollution problem. The United States, for example, passed an 
amendment to its Clean Air Act in 1970 to get this pollution under 
control. 

 As a result of these international actions, sulfur dioxide pollution, 
which had been growing rapidly up until 1970, fl attened out. Global 
sulfur dioxide emissions peaked in the late 1970s and have declined 

  Figure 3.1  Peer-Reviewed Climate Science Papers Predicting Warming and 
Cooling from 1965 to 1979   
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since then, although they briefl y increased in recent years due to the 
rapid growth in Chinese coal consumption. However, the Chinese 
government has begun taking measures to control sulfur dioxide emis-
sions to clean its air, and global sulfur dioxide emissions currently 
remain below 1970s levels. 

 In short, not only did Rasool and Schneider’s scenario of quadru-
pling atmospheric sulfur dioxide fail to materialize, atmospheric lev-
els actually  declined . 5  

 Thus, even for the few 1970s projections of possible global cooling, 
it’s not accurate to say those projections were incorrect. The scenario 
on which their predictions were based simply was not realized because 
we took action to avoid it. Similarly, if we manage to reduce global 
greenhouse gas emissions, we can avoid possible scenarios involving 
catastrophic global warming. 

 However, many climate contrarians are forgetting history and only 
remember the  Time  and  Newsweek  articles about global cooling. The 
George Santayana quote once again comes to mind: 

  Those who cannot remember the past are condemned to repeat it. 6    

  1972 

 John Stanley (J.S.) Sawyer was a British meteorologist born in 1916. 
He was elected a Fellow of the Royal Society in 1962 and was also a 
Fellow of the Meteorological Society and the organization’s president 
from 1963 to 1965. 

 A paper authored by Sawyer and published in the journal  Nature  in 
1972 reveals how much we knew about the fundamental workings of 
the global climate over 40 years ago. 7  For example, Sawyer addressed 
the myth and misunderstanding that as a trace gas in the atmosphere, 
it may seem natural to assume that rising levels of carbon dioxide 
don’t have much impact on the climate. Sawyer wrote: 

  Nevertheless, there are certain minor constituents of the atmosphere 
which have a particularly significant effect in determining the world 
climate. They do this by their influence on the transmission of heat 
through the atmosphere by radiation. Carbon dioxide, water vapour 
and ozone all play such a role, and the quantities of these substances 
are not so much greater than the products of human endeavour 
that the possibilities of man-made influences may be dismissed out 
of hand.  



The Astounding Accuracy of Early Climate Models 23

 Sawyer referenced the work by Guy Callendar in the late 1930s and 
early 1940s, in which Callendar estimated that the amount of carbon 
dioxide in the atmosphere had increased by about 10 percent over the 
prior 100 years. Sawyer also referenced “the Keeling Curve,” which 
included continuous reliable measurements of the amount of carbon 
dioxide in the atmosphere beginning in 1958. Compared to measure-
ments of human carbon dioxide emissions from burning fossil fuels, 
Sawyer noted that only about half of those human emissions were 
remaining in the atmosphere. The other half, climate scientists had 
concluded, was being absorbed by the oceans and the biosphere. Saw-
yer wrote: 

  Industrial development has recently been proceeding at an increas-
ing rate so that the output of man-made carbon dioxide has been 
increasing more or less exponentially. So long as the carbon dioxide 
output continues to increase exponentially, it is reasonable to assume 
that about the same proportion as at present (about half) will remain 
in the atmosphere and about the same amount will go into the other 
reservoirs.  

 Indeed, over the past four decades, human carbon dioxide emis-
sions have continued to increase more or less exponentially, and about 
half has continued to remain in the atmosphere with the other half 
accumulating in natural reservoirs. The carbon dioxide being absorbed 
by the oceans has contributed to the problem of ocean acidifi cation, 
sometimes referred to as “global warming’s evil twin” because it’s on 
track to cause major disruptions of marine ecosystems, particularly the 
widespread mortality of coral reefs. 

 Sawyer’s paper also showed that climate scientists in the early 1970s 
had a good idea how quickly carbon dioxide levels in the atmosphere 
would continue to rise as a result of human activities. 

  Bolin has estimated that the concentration of carbon dioxide will be 
about 400 ppm by the year 2000. A recent conference put the figure 
somewhat lower (375 ppm).  

 That prediction at the referenced 1971 conference on “the Study of 
Man’s Impact on Climate” 8  turned out to be quite accurate. In 2000, 
atmospheric carbon dioxide concentrations were measured at about 
370 ppm. Fifteen years later, they’re now right around 400 ppm. 

 In his paper, Sawyer discusses the predicted impacts resulting from 
a continued rise in atmospheric carbon dioxide. He noted that directly 
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“it might make some vegetation grow a little faster,” which is gen-
erally true, although the situation is complicated because the climate 
change associated with that rising carbon dioxide tends to cause more 
extreme weather like heat waves and fl oods that are generally bad for 
plant growth. 

 Sawyer noted that rising carbon dioxide levels would cause an 
increased greenhouse effect, and the associated warming would lead 
to more evaporation and more water vapor in the atmosphere. As a 
greenhouse gas itself, that rise in water vapor would act to further 
amplify human-caused global warming. 

  If world temperatures rise due to an increase in carbon dioxide, it 
is almost certain that there will be more evaporation of water—the 
water vapour content of the atmosphere will also increase and will 
have its own effect on the radiation balance.  

 Sawyer referenced a 1967 paper by Manabe and Wetherald of the 
Environmental Science Services Administration, in which the scientists 
had calculated that a doubling of atmospheric carbon dioxide would 
by itself cause approximately 1.3°C (2.3°F) global surface warming, 
but that warming would be amplifi ed by a further 1.1°C (2.0°F) due 
to rising water vapor concentrations if the relative humidity were to 
remain constant. 9  Observations have indeed unequivocally shown 
that rising levels of water vapor in the atmosphere strongly amplify 
human-caused global warming, for example, as found in a 2009 paper 
by Andrew Dessler and Sun Wong from Texas A&M University. 10  

 Sawyer put all this information together to predict how much aver-
age global surface temperatures would warm between 1972 and 2000. 

  The increase of 25% CO2 expected by the end of the century 
therefore corresponds to an increase of 0.6°C in the world 
temperature—an amount somewhat greater than the climatic varia-
tion of recent centuries. 11   

 Remarkably, between 1850 and 2000, atmospheric carbon dioxide 
levels did increase by very close to 25 percent, and global average 
surface temperatures also increased by just about 0.6°C (1.1°F) during 
that time. 

 Sawyer also discussed that melting ice and snow in a warming world 
would act to amplify global warming, but suggested that increas-
ing cloud cover might dampen global warming and act to regulate 
the global climate. However, as previously discussed, recent research 
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by Andrew Dessler and others has shown that clouds may actually 
weakly amplify global warming as well. 

 Sawyer’s paper noted that climate scientists in the early 1970s 
understood that it would take on the order of 100 years (now under-
stood to be even longer) for the planet to reach a new energy equilib-
rium from the energy imbalance caused by the increased greenhouse 
effect. This lag is due to the thermal inertia of the oceans; the water 
in the oceans stores heat for a long time, but ultimately the global 
oceans and atmosphere interact with each other until a new energy 
balance is reached. Sawyer also understood that signifi cant global 
warming would cause changes in weather and wind patterns around 
the world. 

 At the same time, Sawyer got a bit lucky. His prediction did not 
account for natural infl uences on global temperatures, like changes in 
solar and volcanic activities, or for natural ocean cycles, or for other 
human infl uences on the climate besides carbon dioxide like sulfur 
aerosols. However, as it turns out, the infl uences of these other factors 
have approximately canceled each other out since the 1970s. Human 
emissions of greenhouse gases other than carbon dioxide have caused 
some warming, but human emissions of aerosol pollution have caused 
some cooling. Solar activity has been very slightly downward, and 
volcanic emissions have been fairly steady as well. Ocean cycles have 
gone up and down, also having little net effect on global surface tem-
peratures since the 1970s. 

 While Sawyer was fortunate that these infl uences have had very 
little net effect on global surface temperatures, at the same time, he 
was smart to realize that human carbon dioxide emissions would be a 
dominant driver of global warming. 

 All in all, Sawyer’s 1972 paper demonstrated a solid understand-
ing of the fundamental workings of the global climate and included 
a remarkably accurate prediction of global warming over the next 
30 years. This goes to show that climate scientists have understood the 
main climate control knobs for over four decades.  

  1975 

 American climate scientist Wallace Broecker was among the first scien-
tists to use simple climate models to predict specific future global tem-
perature changes. His 1975 paper  Climatic Change: Are We on the Brink 
of a Pronounced Global Warming?  12  is also widely credited with coining 
the term “global warming.” 
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 In that paper, Broecker modeled the effects of the expected future 
increase of carbon dioxide due to humans burning fossil fuels, com-
bined with a natural climate cycle which he estimated based on 
Greenland ice core records (which he called “Camp Century cycles”). 
Broecker tweaked his simple climate model to match the observed 
temperature record at the time, starting around 1900. 

 This was a very simple model, excluding the effects of the sun, vol-
canoes, other greenhouse gases, sulfate aerosols, and so forth, which 
Broecker acknowledged: 

  In this report only the interaction of the CO 2  effect and natural cli-
matic change is considered. As other anthropogenic effects are 
shown to be significant and as means to quantitatively predict their 
future influence on global temperatures are developed, they can be 
included in models such as this.  

 Technically, by making his model match the observed global tem-
perature from 1900 to 1975, unlike Sawyer before him, Broecker did 
include natural effects like the sun and volcanoes in his approxima-
tion of natural climate cycles. However, this is an accurate approach 
only if all natural effects are cyclical, which is not always the case. For 
example, although the sun has natural cycles, the amount of solar radi-
ation reaching the Earth’s surface over the long term is unpredictable. 
Climate models can include the effects of past solar changes on global 
temperature, but they can’t predict future solar changes. 

 However, solar activity tends to be very stable, especially compared 
to the size of current carbon dioxide increases and their infl uence 
on global temperatures. For example, solar research has suggested 
that we could be due for another “grand solar minimum” within the 
next century. There have been two grand solar minima in the past 
500 years—the Maunder Minimum between 1645 and 1715 and the 
Dalton Minimum between 1790 and 1830. These two periods of low 
solar activity contributed to an event known as the “Little Ice Age,” 
during which there was some global cooling, but the cool tempera-
tures were primarily localized in Europe. 

 Despite its name, the Little Ice Age was not very cold across the 
Earth as a whole. In 2013, a team of 78 researchers from 60 sepa-
rate scientifi c institutions around the world (part of the Past Global 
Changes, or PAGES Network) collaborated to create the most compre-
hensive reconstruction of global surface temperatures over the past 
2,000 years. 13  This collaboration allowed experts on local temperature 
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reconstructions from each continent to contribute their expertise to 
create the best estimate to date of temperature changes over the past 
two millennia. 

 The resulting PAGES reconstruction estimated that between the time 
of hottest temperatures during what’s known as the “Medieval Warm 
Period” about 1,000 years ago to the coldest temperatures during the 
Little Ice Age, there was only about a half degree Celsius cooling (less 
than 1°F). From that coolest part of the Little Ice Age to today, includ-
ing recent instrumental temperature measurements by thermometers, 
we’ve seen double that—over 1°C (about 2°F) global surface warming. 
Current global surface temperatures are likely the hottest they’ve been 
in thousands of years and quite possibly the hottest over the past tens 
of thousands of years. 

 Nevertheless, there have been several papers published in the past 
few years to determine just how much cooling another grand solar 
minimum could cause. These papers have estimated that during the 
Maunder and Dalton Minima, the amount of solar radiation reaching 
the Earth’s surface declined by 0.25 percent and 0.08 percent, respec-
tively. That’s how stable solar activity is—even during a grand solar 
minimum, the solar energy reaching Earth drops only by a fraction of 
a percent. 

 This is fortunate for the species on Earth, because it results in a very 
stable climate, which has allowed human civilization to thrive. We’ve 
been able to create large stationary agricultural farms because the 
stable climate over the past 10,000 years allowed us to rely on stable 
weather patterns. Unfortunately, we’re now in the process of desta-
bilizing the climate by rapidly increasing the greenhouse effect and 
throwing the Earth’s energy balance out of whack. We’re running a 
very dangerous experiment; we don’t know how it will turn out, but 
all signs point to dangerous consequences. 

 Scientists from the Potsdam Institute for Climate Impact Research 
in Germany, 14  the Met Offi ce Hadley Centre in the United Kingdom, 15  
the Institute for Atmospheric and Climate Science in Switzerland, 16  
the National Center for Atmospheric Research (NCAR) in Colo-
rado, 17  and the NASA Goddard Institute for Space Studies (GISS) 18  
are among those investigating the climate consequences of a possible 
new grand solar minimum by using global climate models. These 
papers have all arrived at remarkably similar conclusions—namely 
that a new grand solar minimum would cause no more than 0.3°C 
(0.54°F) global surface cooling. This would cause only a small dent in 
the several degrees of global surface warming that will occur over the 
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next century, which is likely to be several degrees. Thus, a grand solar 
minimum would offset just a few years’ worth of global warming due 
to human greenhouse gas emissions. 

 Moreover, any cooling from a grand solar minimum would be 
temporary, lasting only until the sun once again became more active. 
A solar minimum would only last for a few decades, and once it 
were to end, the associated cooling would be offset by solar warm-
ing once again. While the Little Ice Age lasted longer than a few 
decades, the sun was only one contributing factor causing cooling at 
that time. Recent research has concluded that a period of heightened 
volcanic activity and changes in atmospheric greenhouse gas levels 
probably played a bigger role in the Little Ice Age cooling than solar 
activity. 19  

 In his 1975 research, Wallace Broecker couldn’t predict how solar 
activity would change in the future, nor was he able to account for the 
cooling infl uence of human sulfate aerosol emissions or the warming 
infl uence from greenhouse gases other than carbon dioxide. As it turns 
out, like Sawyer before him, Broecker was fortunate that the cooling 
effects of human sulfate aerosols have roughly canceled out the warm-
ing effects of human non-carbon greenhouse gases (e.g., methane) 
since 1975, and solar and volcanic activities have been relatively fl at 
over that period. So the net effect of the factors that he did not take into 
account has been close to zero. However, like Sawyer, Broecker was 
also smart; the dominant effect on temperature since 1975 has been 
from carbon dioxide, as he expected. It’s better to be lucky than good, 
but it’s best to be both. 

 To create a future global temperature prediction, Broecker also had 
to predict how human carbon dioxide emissions would change in 
the decades ahead. Broecker anticipated the actual increase in atmo-
spheric carbon dioxide very closely, predicting 373 ppm in 2000 and 
403 ppm in 2010 (the actual values were 369 and 390 ppm, respec-
tively). Broecker also used a model with an equilibrium climate sensi-
tivity of 3°C (5.4°F) global surface warming in response to a doubling 
of atmospheric carbon dioxide. 

 However, it takes time for the global climate to reach a new energy 
equilibrium in response to an energy imbalance created by a radiative 
forcing like an increased greenhouse effect. This is mainly due to the 
aforementioned thermal inertia of the world’s oceans. The vast major-
ity of a global energy imbalance goes into heating the oceans, but it 
doesn’t stay there forever, because the Earth’s oceans and air inter-
act with each other. It takes time, but eventually the planet’s surface 
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reaches the amount of warming it’s committed to by a given global 
energy imbalance. 

 In the meantime, approximately two-thirds of the eventual equilib-
rium surface warming will be realized almost immediately. However, 
Broecker’s model overestimated how much global warming would be 
immediately realized at the Earth’s surface. As a result, in the short 
term, his model was roughly equivalent to a 3.6°C (6.5°F) equilibrium 
climate sensitivity for doubled atmospheric carbon dioxide, which is 
within the range of today’s climate models (2.0 to 4.5°C, 3.6 to 8.1°F), 
but a bit higher than the current best estimate of 3°C (5.4°F). 

 So how accurate was Broecker’s projection of future warming? 
  Figure 3.2  uses Broecker’s model, taking into account the actual atmo-
spheric carbon dioxide changes since 1975 (which, as noted earlier, 
have been slightly lower than what Broecker anticipated) and com-
pares the results to the best available measured global (land and ocean) 
surface temperature change estimates, generated by my colleagues 
Kevin Cowtan and Robert Way.  

 Broecker’s overestimate of the global surface warming between 1900 
and 1940 reveals that global surface temperature data sets were not as 
accurate in 1975 as they are today. However, Broecker’s prediction has 
matched the net global temperature change quite closely since 1975. 

  Figure 3.2  Broecker’s 1975 Climate Model, Accounting for Actual Carbon 
Dioxide Changes versus Observed Temperature 
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 Broecker’s “natural cycle” predicted a natural cooling effect from 
about 1970 to 2005 and thus held his overall temperature prediction 
below the actual global temperature increase for most of the period. 
Broecker’s model predicted that the natural cycle’s infl uence on global 
temperatures would approach zero after 2000. Not coincidentally, 
this is when Broecker’s prediction most closely matches the observed 
global warming. 

 Broecker somewhat overestimated the amount of global warm-
ing between 1975 and 2013, by about 0.3°C (0.54°F). This is probably 
mainly due to his slight overestimate of the Earth’s climate sensitiv-
ity. It’s quite remarkable that a prediction made in 1975 using such a 
simple model of the climate could so accurately match the observed 
global temperature change. Once again, it’s a testament to the domi-
nant effect of carbon dioxide and the fact that we have had a solid 
understanding of the fundamental workings of the Earth’s climate for 
many decades.  

  1979 

 William Kellogg was an American meteorologist and climate scientist 
who served as associate director and senior scientist at NCAR and 
held a number of prestigious scientific positions in his career, includ-
ing serving on the President’s Science Advisory Committee and the 
National Academy of Science’s Space Science Board. 

 In 1979, Kellogg authored an extensive review paper summarizing 
the state of climate modeling at the time. 20  Among the studies refer-
enced in Kellogg’s work was Wallace Broecker’s 1975 study. 

 Kellogg’s review discussed the fact that in the late 1970s, climate 
models were still relatively simple and excluded or did not accu-
rately refl ect some important climate feedbacks (such as cloud cover 
changes); however, they did include the feedback from changes in the 
refl ectivity of the Earth’s surface due to retreating or advancing ice in 
response to changing temperatures. As previously discussed, when ice 
melts, it reveals the much darker ground or ocean surface below; this 
decreased refl ectivity causes the Earth to absorb more solar radiation 
and warm even further and is thus a positive feedback that amplifi es 
global warming (or cooling). 

 As in Broecker’s 1975 study, Kellogg correctly identifi ed that carbon 
dioxide represents the most signifi cant human impact on the global cli-
mate. However, Kellogg also thought that sulfate aerosols should have 
a net warming effect on the climate, because not only do they scatter 
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sunlight, but they also absorb it; Kellogg believed the latter effect was 
stronger than the former. However, we now know that Kellogg was 
incorrect on this point. Based on up-to-date climate research, aerosols 
certainly have a net cooling effect and possibly a very strong one. 

 In his 1979 paper, Kellogg predicted future polar and global surface 
temperature changes in two scenarios involving “low” and “high” 
greenhouse gas emission levels. His high scenario, which involved 
accelerating greenhouse gas emissions, has been close to the observed 
emissions growth since 1979. 

 Strangely, Kellogg predicted that future temperatures would rise in 
linear (increasing at a steady rate) fashion, even though he anticipated 
essentially the same exponential (accelerating) atmospheric carbon 
dioxide increase as Broecker did in his 1975 study. It’s unclear why 
Kellogg predicted a steady increase in global temperature rather than 
an accelerating increase like Broecker’s projection. Regardless, we can 
compare Kellogg’s high projection to the observed global temperature 
increase ( Figure 3.3 ).  

 Clearly, Kellogg signifi cantly overestimated the ensuing global 
warming—much more so than Broecker a few years earlier. So what 
went wrong? In his paper, Kellogg said that most models were similarly 
sensitive to changes in atmospheric carbon dioxide as Broecker’s model. 

  Figure 3.3  Kellogg’s “High” Global Warming Projection versus Observed 
Temperature 
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  The best estimate of the “greenhouse effect” due to a doubling of 
carbon dioxide lies between 2 and 3.5°C increase in average surface 
temperature . . . and both the models and the record of the behavior 
of the real climate show that the change in the polar regions will be 
greater than this by a factor of from 3 to 5, especially in winter. 21   

 This climate sensitivity is also broadly consistent with that antici-
pated by today’s climate models of 2 to 4.5°C (3.6 to 8.1°F) global sur-
face warming in response to a doubling of atmospheric carbon dioxide. 
However, Kellogg’s temperature prediction used a model with higher 
sensitivity than the range mentioned earlier: 

  When the level of carbon dioxide has risen to 400 ppmv from its 
present 330 ppmv, the rise in average surface temperature is esti-
mated to be about 1°C. These figures refer to the effect of carbon 
dioxide alone. 22   

 An average global temperature response of 1°C (1.8°F) to a carbon 
dioxide increase of 330 to 400 ppm corresponds to a climate sensitiv-
ity equivalent to 3.6°C (6.5°F) surface warming in response to a dou-
bling of atmospheric carbon dioxide. However, it appears that Kellogg 
assumed that this temperature response would be instantaneous, 
with the average global temperature warming 1°C by the time atmo-
spheric carbon dioxide levels reached 400 ppm (by the year 2011, in his 
estimation). 

 As previously noted, the instantaneous temperature response is 
approximately two-thirds as large as the total eventual warming once 
the planet reaches a new energy equilibrium. Therefore, the equilib-
rium climate sensitivity employed in Kellogg’s prediction is equiva-
lent to approximately 5.4°C (9.7°F), which is quite high, and above the 
current accepted range of equilibrium climate sensitivity values. This 
discrepancy explains much of his overestimated global warming. Kel-
logg neglected the thermal inertia of the oceans. 

 Kellogg also included the warming effects of other greenhouse 
gases (such as methane) in his model, but did not include the cool-
ing effects of sulfate aerosols (which, as noted earlier, Kellogg believed 
had a net warming effect as well, but which we now know have a 
signifi cant cooling effect). By including the warming effects of other 
greenhouse gases, the equivalent carbon dioxide concentration in Kel-
logg’s model reached 400 ppm by 2000, causing him to overestimate 
the rate of warming even further. 
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 It’s worth noting that because Kellogg’s prediction was linear while 
the actual temperature increase will accelerate, the further ahead in 
time we go, the more accurate Kellogg’s prediction will become. In 
2050 it will be less inaccurate than in 2015, but due to the high sensi-
tivity of his model and the other incorrect assumptions he used, the 
actual temperature will still be below Kellogg’s prediction. 

 However, Kellogg was quite accurate in one aspect of his predic-
tion: polar amplifi cation. The planet warms fastest at the poles because 
of the local feedbacks, the biggest of which is the aforementioned 
decrease of refl ectivity due to melting ice. This is a particularly large 
temperature-amplifying infl uence in the Arctic; when highly refl ective 
sea ice melts and reveals the dark oceans below, more solar radiation 
is absorbed, causing additional warming. 

 The average Arctic surface temperature has increased approximately 
3°C (5.4°F) since 1880 and approximately 2°C (3.6°F) since 1970. This is 
a warming rate approximately 3.6 times faster than the average global 
surface warming, which is within Kellogg’s predicted polar amplifi -
cation range of a factor of 3 to 5. Thus, although his global warming 
prediction was inaccurate, there are aspects of Kellogg’s work that we 
can learn from.  

  1981 

 James Hansen is an American climate scientist at Columbia University 
and NASA GISS (now retired), who is considered one of the world’s 
foremost climate scientists. In 1981 (the year I was born), Hansen pub-
lished a paper projecting future global surface temperature changes. 23  
Like Broecker and Kellogg before him, by 1981 Hansen already real-
ized the important role carbon dioxide was playing in global warming, 
writing, 

  The global temperature rose by 0.2°C between the middle 1960’s and 
1980, yielding a warming of 0.4°C in the past century. This tempera-
ture increase is consistent with the calculated greenhouse effect due 
to measured increases of atmospheric carbon dioxide. . . . It is shown 
that the anthropogenic carbon dioxide warming should emerge from 
the noise level of natural climate variability by the end of the cen-
tury, and there is a high probability of warming in the 1980’s.  

 Hansen was correct to predict warming during the rest of the 1980s; 
there was indeed nearly 0.1°C (0.17°F) global surface warming between 
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1981 and 1990. Hansen and his colleagues also noted that at the time, 
the human-caused global warming theory was having diffi culty gain-
ing traction because of the fl at mid-century surface temperatures. 

  The major difficulty in accepting this theory has been the absence of 
observed warming coincident with the historic CO 2  increase.  

 This is an argument still made by climate contrarians today to assert 
that greenhouse gases aren’t driving global warming, because carbon 
dioxide was rising during the mid-20th century while temperatures 
remained fl at. 

 However, this argument is fl awed because greenhouse gases aren’t 
the only factors that infl uence global surface temperatures. After World 
War II, fossil fuel consumption rose rapidly. As previously discussed, 
this caused carbon dioxide emissions to rise, but also sulfur aerosol 
emissions and their associated cooling effect, caused by defl ecting sun-
light. Only in the 1970s when Clean Air Acts were implemented to 
reduce sulfur dioxide emissions in order to address the problem of 
acid rain did their cooling infl uence begin to dissipate, and the warm-
ing infl uence of carbon dioxide then took over. 

 Hansen recognized this shift was occurring and thus correctly pre-
dicted that as long as human greenhouse gas emissions continued 
to rise, the planet would continue to warm. Despite being relatively 
primitive, in the early 1980s, the sensitivity of climate models to the 
increasing greenhouse effect was very similar to that of today’s much 
more complex models. As Hansen wrote in his 1981 paper, 

  The most sophisticated models suggest a mean warming of 2° to 
3.5°C for doubling of the CO2 concentration from 300 to 600 ppm.  

 This is very close to today’s best estimate of 3°C (5.4°F) global sur-
face warming in response to a doubling of atmospheric carbon diox-
ide, with a likely range between 1.5 and 4.5°C (2.7 to 8.1°F). In order 
to project how much the Earth’s surface would warm in the future, 
Hansen used a climate model whose sensitivity was 2.8°C (5.0°F) for a 
doubling of atmospheric carbon dioxide. 

 Hansen and his colleagues ran their global climate model using 
combinations of the three main effects on global temperatures (carbon 
dioxide, the sun, and particulates released from volcanoes). They pro-
jected how much global surface temperatures would warm based on 
various energy growth scenarios. They also modeled various scenarios 
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involving fossil fuel energy source replacement starting in 2000 and 
in 2020. 

 Between 1981 and today, actual greenhouse gas emissions have risen 
between the “slow” and “fast” scenarios considered in Hansen’s study. 
As  Figure 3.4  shows, the model accuracy has been very impressive.  

 Hansen’s model projected 0.17°C (0.31°F) global surface warming 
per decade in the fast scenario and 0.13°C (0.23°F) per decade in the 
slow scenario. Thus, based on actual greenhouse gas emissions since 
1981 falling between the two scenarios, we would expect to see about 
0.15°C (0.27°F) surface warming per decade. 

 In actuality, we’ve observed about 0.18°C (0.32°F) warming per 
decade, about 20 percent higher than Hansen projected. This suggests 
that Hansen’s 1981 global climate model was probably a bit less sensi-
tive to the increasing greenhouse effect than the real world, at least in 
the short term. 

 Because James Hansen is such a prominent world-renowned climate 
scientist and also a strong advocate for taking action to address the 
threat posed by climate change, climate contrarians often try to label 
him as an “alarmist.” Seven years later, Hansen updated his global 
surface warming projections with a newer climate model that was 

  Figure 3.4  Hansen’s “Slow” and “Fast” Global Warming Projections versus 
Observed Temperature 
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more sensitive to the increased greenhouse effect, and at that time his 
model did over-project global surface warming. Not surprisingly, cli-
mate contrarians focus on Hansen’s 1988 model projections. However, 
in 1981, Hansen’s climate model actually somewhat underestimated 
global surface warming.  

  1988 

 In 1988, Hansen published what has become a very well-known paper 
in which he used a global climate model to simulate the impact of 
changes in atmospheric greenhouse gases and sulfate aerosols from 
volcanic eruptions on the global climate. 24  Hansen chose three scenar-
ios to model for his global warming projections. His Scenario A as-
sumed continued exponential (accelerating) greenhouse gas growth, 
Scenario B assumed a linear rate of growth, and Scenario C assumed a 
rapid decline in human greenhouse gas emissions around 2000. 

 Of the three scenarios, thus far, Scenarios B and C have been closest to 
reality. Although we didn’t take the dramatic steps Hansen’s Scenario 
C envisioned to signifi cantly reduce global greenhouse gas emissions 
by 2000, we did implement the Montreal Protocol. This was an inter-
national agreement to phase out the use of chlorofl uorocarbons (CFCs) 
because they were causing ozone depletion and created a hole in the 
ozone layer. However, CFCs are also greenhouse gases, so phasing out 
their use in industrial products also helped slow the rise of the green-
house effect. Fortunately, Hansen’s Scenario A with its rapidly acceler-
ating greenhouse gas emissions has turned out to be the least realistic. 

 The sensitivity to increasing carbon dioxide in Hansen’s 1988 model 
was a bit on the high side as well, with an average global surface warm-
ing of 4.2°C (7.6°F) in response to a doubling of atmospheric carbon 
dioxide. Since the current best estimate of equilibrium climate sensitiv-
ity is 3°C (5.4°F), when comparing his projections to the observed tem-
peratures, we should expect them to somewhat overestimate global 
warming. 

 As a result,  Figure 3.5  compares Hansen’s Scenario B, adjusted to 
refl ect the actual greenhouse gas levels and other energy imbalance 
changes from 1988 to 2013 into account, with the observed global sur-
face temperature change.  

 As expected, due to its high climate sensitivity, Hansen’s model 
projected a bit more warming than was observed by the end of 2013. 
Hansen’s projected surface warming trend between 1988 and 2013 
was 0.25°C (0.45°F) per decade, whereas the observed trend has been 
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0.18°C (0.32°F) per decade. We might then ask the question, If Hansen 
had access to today’s global climate models in 1988, how accurately 
would they have predicted the ensuing global warming? 

 Today’s climate models have an average equilibrium climate sensi-
tivity of around 3°C (5.4°F), about 30 percent lower than that in Han-
sen’s 1988 model. Likewise, Hansen’s model projected about 30 percent 
more global surface warming than has actually been observed over the 
past 25 years. Hence, if Hansen had access to today’s climate models 
in 1988, his global warming projections would have been very close 
to what we’ve seen in recent decades. Combined with Broecker’s and 
Kellogg’s results, this result provides additional supporting evidence 
for the real-world equilibrium climate sensitivity estimate of 3°C 
global surface warming if the amount of carbon dioxide in the atmo-
sphere doubles. 

 In 1988, Hansen also testifi ed before U.S. Congress. He presented the 
results of his global warming projections and made three main points: 

  Number one, the earth is warmer in 1988 than at any time in the his-
tory of instrumental measurements. Number two, the global warm-
ing is now large enough that we can ascribe with a high degree of 

  Figure 3.5  Hansen’s Scenario B, Adjusted to Refl ect Actual Global Energy 
Imbalance Changes since 1988 versus Observed Temperature 
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confidence a cause and effect relationship to the greenhouse effect. 
And number three, our computer climate simulations indicate that 
the greenhouse effect is already large enough to begin to affect the 
probability of extreme events such as summer heat waves. 25   

 Climate contrarian Patrick Michaels of the conservative think tank 
and political advocacy group Cato Institute (who in an August 2010 
interview on CNN admitted that approximately 40 percent of his fund-
ing comes from the petroleum industry 26 ) was invited to testify before 
Congress on July 29, 1998. 27  During that testimony, Michaels grossly 
misrepresented Hansen’s global warming projections from 10 years 
earlier, claiming: 

  Ground-based temperatures from the IPCC show a rise of 0.11°C, or 
more than four times less than Hansen predicted. . . . The forecast 
made in 1988 was an astounding failure.  

  Figure 3.5  clearly shows that Hansen’s projections were not off by any-
where near a factor of four, so how can Michaels possibly justify this 
claim? 

 In the graphic he presented to Congress to illustrate Hansen’s 
1988 global warming projections, Michaels presented only Hansen’s 
Scenario A, even though this was the scenario furthest from reality. 
The global temperature change from 1988 to 1998 was very close to 
the Scenario B projection. Not coincidentally, Scenarios B and C were 
also the most representative of actual emissions and the global energy 
imbalance. By erasing the most accurate scenarios in Hansen’s study 
and presenting the least representative scenario as his “prediction,” 
Michaels committed borderline perjury and certainly misinformed our 
policymakers in the process. 

 This misrepresentation was also reproduced in Michael Crichton’s 
science fi ction novel  State of Fear , whose plot is built around a group of 
ecoterrorists attempting to create widespread fear and panic to further 
advance their “global warming agenda.” The novel featured a scien-
tist claiming that Hansen’s 1988 projections were “overestimated by 
300 percent.” 28  This was just one of many scientifi c errors and misrep-
resentations in the novel, as much as this pains me as a fan of much of 
Michael Crichton’s science fi ction writing. Unfortunately,  State of Fear  
was heavy on fi ction and light on accurate science. 

 These examples illustrate the lengths to which climate contrarians 
will go in order to make their anti-climate case and misinform the 
public in the process. High-profi le climate scientists like James Hansen 
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continue to be frequent targets of fossil fuel–funded conservative think 
tanks and climate contrarian blogs, despite (or perhaps because of) the 
fact that their global warming predictions have turned out to be quite 
accurate.  

 1989 

 Thus far, we have examined only global temperature projections made 
by mainstream climate scientists who agree that the global warming 
over the past century is primarily man-made, because very few cli-
mate contrarians have made similar predictions. 

 There are various levels of climate contrarians. Some reject very 
well-established science, like the fact that the planet is even warm-
ing. Others accept that the planet is warming but don’t believe human 
greenhouse gas emissions are the main cause. These contrarians argue 
that because they believe humans aren’t the main cause of the current 
global warming, future global warming will be relatively small, and 
we’ll be able to adapt to its consequences without the need to prevent 
them by reducing greenhouse gas emissions. 

 Most climate scientists are real skeptics, in the sense that a skeptic 
keeps an open mind and examines all new evidence with a critical eye. 
The reason I don’t refer to contrarians as “skeptics” in this book is that 
most self-proclaimed climate change skeptics are not really skeptical 
at all. The majority of people in this group seek information to support 
what they want to believe—that humans are not causing dangerous 
global warming. Rejecting information that does not fi t one’s prede-
termined conclusions is not skepticism; it’s biased closed-mindedness. 
It’s fi ne to be skeptical and ask questions, but rejecting the body of 
available evidence because it’s inconvenient is not real skepticism. 

 In 2014, my colleague John Cook came up with “the quantum the-
ory of climate denial,” which he described as follows: 

  There are various states of climate denial, with some states contra-
dicting others. For example, some believe global warming is not 
happening. Others believe global warming is happening but is not 
caused by humans. Others believe humans are causing global warm-
ing but that the impacts won’t be bad. 

 Now, it’s perfectly understandable for a community of people to 
hold mutually inconsistent beliefs. But can one person hold three 
inconsistent beliefs at the same time? Can a person argue that global 
warming is not happening, then smoothly transition to arguing that 
global warming is happening but is caused by something else? 
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 They can, and they do. . . . It can be explained by the “quantum 
theory of climate denial.” This theory holds that climate deniers exist 
in a fuzzy quantum state of denial, simultaneously rejecting many or 
all aspects of climate science. 29   

 The reason climate contrarians can deploy any and all of these con-
tradictory arguments is that their denial isn’t based on science or fact; 
rather, it’s based on ideology. They want to maintain the status quo 
and/or oppose the proposed solutions to global warming, like renew-
able energy and electric vehicles, but mainly government climate poli-
cies. Since they reject the science only because of their ideological bias, 
the accuracy and consistency of their scientifi c arguments don’t mat-
ter. As long as an argument can be used to justify their predetermined 
rejection of climate science and opposition to climate solutions, they’ll 
use it. That mind-set, based purely on taking a position contrary to 
inconvenient science, is why I call them climate contrarians rather than 
skeptics. 

 Among climate scientists (those who actively conduct research to 
learn about the Earth’s climate), numerous studies and surveys have 
shown that about 97 percent agree that humans are the primary cause 
of the global warming over the past century. 30 , 31 , 32 , 33  The handful of cli-
mate scientist “skeptics” agree that human greenhouse gas emissions 
have caused some amount of warming, but they generally believe it’s 
a small amount because they argue climate sensitivity is much lower 
than scientifi c research has shown. 

 The most prominent and longest-tenured of these climate scien-
tist “skeptics” is Richard Lindzen from the Massachusetts Institute of 
Technology (MIT). Lindzen retired from MIT in 2013 and soon thereaf-
ter joined Patrick Michaels at the libertarian political advocacy group 
and think tank Cato Institute. 34  For a climate scientist to retire from 
academia and join a political think tank is very unusual, but Richard 
Lindzen has previously argued against governments taking action to 
reduce greenhouse gas emissions. For example, in a testimony before a 
UK Parliament committee in January 2014, Lindzen claimed: 35  

  An economist at Yale, Bill Nordhaus, has a book on climate policy 
and if you look carefully at that book, he estimates the cost-benefit 
and so on of various policies and it’s clear that there is virtually no 
policy that beats doing nothing for 50 years.  

 Apparently Lindzen didn’t heed his own advice and look care-
fully at Nordhaus’s book. This statement is entirely untrue, but a 
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common misrepresentation of Professor Nordhaus’s research. It’s a 
misrepresentation so common that nearly two years earlier, Nordhaus 
published an article in  The New York Review of Books  refuting this argu-
ment, unambiguously titled “Why the Global Warming Skeptics Are 
Wrong.” 36  

  My study is just one of many economic studies showing that economic 
efficiency would point to the need to reduce CO 2  and other green-
house gas emissions right now, and not to wait for a half-century. 
Waiting is not only economically costly, but will also make the transi-
tion much more costly when it eventually takes place. Current eco-
nomic studies also suggest that the most efficient policy is to raise 
the cost of CO 2  emissions substantially, either through cap-and-trade 
or carbon taxes, to provide appropriate incentives for businesses and 
households to move to low-carbon activities.  

 Perhaps Lindzen was unaware of Nordhaus’s 2012 article, or the 
many other instances where Nordhaus and others have debunked this 
misrepresentation of his work. In any case, Lindzen has made it clear 
that he opposes governments taking action to reduce the threats posed 
by climate change (although his misrepresentation of Nordhaus’s 
work makes it clear that Lindzen hasn’t researched climate economics 
and policy in any depth). So although it was an unusual move for a 
retired climate scientist, it probably didn’t surprise many people when 
Lindzen joined the Cato Institute. However, when a scientist joins a 
political think tank, it should perhaps make people question whether 
his political and ideological biases are clouding his scientifi c judgment. 

 There was a similar situation in May 2014, when a Swedish meteo-
rologist named Lennart Bengtsson from the University of Reading in 
the United Kingdom briefl y joined the Global Warming Policy Foun-
dation (GWPF). The GWPF is essentially the UK version of the Cato 
Institute, a conservative political advocacy group periodically releas-
ing reports full of shoddy science and then using them to lobby against 
climate policies. 

 Unlike Lindzen, Bengtsson is still actively publishing scientifi c 
research, and some of his colleagues allegedly expressed concern and 
withdrew from publishing further research with him. If true, these 
decisions would be entirely understandable, because GWPF has a 
reputation for attacking climate scientists and scientifi c organizations, 
and most scientists don’t want any association with political groups. 
Bengtsson decided to withdraw his association with GWPF within a 
few days and then went to the conservative media with hypocritical 



42 Climatology versus Pseudoscience

complaints about how climate science has become politicized. What’s 
interesting is that this now gives us two examples of the small number 
of contrarian climate scientists joining politically conservative advo-
cacy groups. It’s rare for those among the much larger group of main-
stream climate scientists to join political organizations, although some 
act as advisors to environmental groups. 

 Richard Lindzen has never made a specifi c prediction as to how 
global temperatures will change in the future. However, in 1989, he 
gave a talk at MIT in which he made a number of comments relevant 
to global temperature change. 37  For example, Hansen and colleagues 
at NASA GISS began compiling a global surface temperature record 
called GISTEMP in 1981. As of 1988–1989, their record showed that 
the average global surface temperature had risen approximately 0.5 to 
0.7°C (0.9 to 1.3°F) since 1880, when the record begins. Lindzen, how-
ever, disputed the accuracy of GISTEMP in his 1989 MIT talk. 

  The trouble is that the earlier data suggest that one is starting at what 
probably was an anomalous minimum near 1880. The entire record 
would more likely be saying that the rise is 0.1 degree plus or minus 
0.3 degree. . . . I would say, and I don’t think I’m going out on a very 
big limb, that the data as we have it does not support a warming. 
Whether it contradicts it is a matter of taste.  

 It turns out that Lindzen’s first statement here was incorrect. Accord-
ing to the slightly longer global surface temperature record of the UK 
Met Office, 1880 was closer to a local maximum global surface temper-
ature than a minimum. But more importantly, Lindzen was claiming 
here that the average global surface temperature warming between 
1880 and 1989 was approximately 0.1°C (0.2°F). Lindzen proceeded to 
effectively assert that any greenhouse gas warming signal is and will 
continue to be swamped out by the noise of the natural internal vari-
ability of the global climate system. 

  I personally feel that the likelihood over the next century of green-
house warming reaching magnitudes comparable to natural vari-
ability seems small.  

 Climate research has estimated that the natural internal variabil-
ity of the climate system rarely results in more than 0.2 to 0.3°C (0.4 
to 0.5°F) global surface warming or cooling over periods of several 
decades, so Lindzen was clearly predicting a very small amount of 
greenhouse warming over the next century. 
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 Using these quotes, I reconstructed what I think is a reasonable 
approximation of a global surface temperature prediction based on 
Lindzen’s belief of the small warming effects of rising greenhouse gas 
levels. Remember, Lindzen has not made a specifi c global temperature 
prediction; these projections are my interpretation of Lindzen’s com-
ments, not Lindzen’s own projections. 

 By estimating the climate sensitivity assuming that Lindzen’s 
claimed 0.1°C (0.2°F) global warming between 1880 and 1989 was 
totally caused by human greenhouse gas emissions, or by simply pro-
jecting a 0.1°C per century global warming trend forward from the 
present, either approach yields approximately the same modest global 
warming prediction. These are shown in  Figure 3.6 , with some ran-
dom noise added to simulate natural climate variability. Note that 
Lindzen’s projection begins approximately 0.4°C (0.7°F) below the 
observational data in 1990, refl ecting Lindzen’s claim that there was 
only 0.1°C (0.2°F) global surface warming between 1880 and 1989, 
when in reality the warming during that time frame was approxi-
mately 0.5°C (0.9°F).  

  Figure 3.6  Global Temperature Projection Reconstructed from Lindzen’s 1989 
MIT Tech Talk Comments versus Observed Temperature 
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 On the accuracy of the instrumental temperature record, the amount 
of warming between 1880 and 1989 and the amount of warming from 
1989 through 2013, Hansen’s mainstream climate science was funda-
mentally correct and Lindzen’s climate “skepticism” was wrong. 

 In fact, Lindzen has a very long history of contrary thinking regard-
ing nearly every facet of mainstream climate science (in addition to 
his “skepticism” about the strength of the link between secondhand 
smoke and cancer 38 ). For example, in his 1989 MIT talk, Lindzen arg-
ued that the global surface temperature record was incorrect, that the 
Earth hadn’t warmed as much as most climate scientists expected, 
that climate sensitivity to increasing carbon dioxide is low, and that 
water vapor acts to dampen global warming, among other “skeptical” 
positions. In every single case, subsequent research over the past two 
decades has proven Lindzen wrong. 39  

 We now know that in reality, the NASA GISS temperature record in 
the late 1980s was accurate in its estimates of global surface warming 
since 1880 and that Lindzen was wrong to claim there was negligible 
warming during that time. Lindzen also claimed that according to cli-
mate models, 

  Since the 19th century we should have seen between about one and 
two degrees of warming.  

 This claim was simply false, as illustrated by the climate model 
global warming projections shown throughout this book. None pre-
dicted one to two degrees warming (either Celsius or Fahrenheit) 
between 1900 and 1989. To this day, Lindzen continues to claim that 
climate models dramatically overpredict global warming. In fact, it’s 
probably his favorite climate argument and one he makes on nearly 
an annual basis. I was able to track down similar statements made by 
Lindzen in 40  

   •  a 2002 letter to his local mayor in Newton, Massachusetts; 
  •  2005 testimony to the UK Parliament House of Lords Economic 

Affairs Committee; 
  •  a 2006 interview on National Public Radio; 
  •  a 2007 debate on National Public Radio; 
  •  a paper published in 2007 in a climate contrarian-friendly social 

science journal,  Energy & Environment;  
  •  an article in 2008; 
  •  an article in 2009; and 
  •  an article in 2011.  
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 The argument is based on several simple misrepresentations that 
a scientist of Lindzen’s caliber should know are incorrect. For one, 
Lindzen assumes that as soon as humans emit greenhouse gases, the 
climate will immediately respond with 100 percent of the associated 
global warming. However, as already discussed, that’s not how the 
global climate works. It takes many decades for the climate to fully 
respond to the energy imbalance created by the increased greenhouse 
effect due to the thermal inertia of the oceans. This is a basic concept in 
climate science that all climate experts understand, all climate experts 
except Richard Lindzen, perhaps. 

 Lindzen’s misrepresentation is also based on only accounting for 
the infl uences that warm the climate, while ignoring those that cool 
the climate. For example, he accounts for all of the warming we expect 
from human greenhouse gas emissions, including methane and other 
greenhouse gases besides carbon dioxide, but entirely neglects the 
cooling effects caused by human sulfate aerosol emissions. Again, 
every climate expert knows that predictions made by climate mod-
els account for both warming and cooling effects, all climate experts 
except Richard Lindzen, perhaps. 

 By combining these two glaring errors, Lindzen has been wrongly 
claiming for about 25 years that climate models greatly overestimate 
global warming. Climate scientists and communicators, including 
myself, have pointed out Lindzen’s obvious errors many times, and 
yet he continues to repeat this myth again and again nearly every year. 
And various media outlets continue to print his misrepresentations 
and to consider him a credible climate expert despite the fact that he 
makes these mistakes so basic that no undergraduate climate student 
should make. It’s very diffi cult to imagine that Lindzen doesn’t realize 
this argument is wrong, and yet he just keeps repeating it. 

 Lindzen has also argued over the past two decades that the climate 
sensitivity to the increased greenhouse effect is dramatically lower 
than that estimated by mainstream climate science research. He makes 
this argument in part through his incorrect claim that the planet has 
warmed less than expected; less warming would indicate lower sensi-
tivity to the increased greenhouse effect, but of course this argument 
is false. 

 Lindzen also published a paper in 2009, claiming, based on satel-
lite data, that climate sensitivity is exceptionally low; about a factor of 
6 lower than the IPCC best estimate. 41  However, other climate scien-
tists immediately identifi ed several fundamental fl aws in Lindzen’s 
analysis. For example, a team led by eminent climate scientist Kevin 
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Trenberth found that Lindzen’s low climate sensitivity result was heav-
ily dependent on his choice of start and end points in the periods ana-
lyzed and that choosing different end points could yield completely 
opposite results with high climate sensitivity. 42  Lindzen’s result was 
essentially based on cherry-picking convenient start and end points. 

 Two other papers published soon thereafter noted that Lindzen’s 
result was based on examining data only from the tropics, whereas 
global climate sensitivity must be calculated using data across the 
entire planet. 43 , 44  Finally, a 2011 paper by Andrew Dessler concluded 
that Lindzen had assumed that changes in cloud cover were causing 
changes in temperature, whereas the evidence indicates the opposite is 
true, and ocean changes are causing changes in cloud cover. 45  

 In 2011, Lindzen tried to publish a follow-up paper attempting to 
address the many valid criticisms of his 2009 paper. However, the 
follow-up paper failed to address most of the fundamental fl aws iden-
tifi ed by subsequent critical research. Lindzen submitted his response 
to the respected climate publication, the  Journal of Geophysical Research  
( JGR ). However,  JGR  declined to publish Lindzen’s paper. He then sub-
mitted it to the  Proceedings of the National Academy of Science  ( PNAS ), 
which allowed him to select friendly reviewers, including physicist 
and outspoken climate contrarian William Happer. 

 However,  PNAS  noted that Happer is not a climate expert, and the 
other reviewer selected by Lindzen had formerly collaborated with 
him on similar research. Hence, they required additional reviews by 
unbiased, expert scientists. Those reviewers noted that among other 
problems with the paper, it failed to explain Trenberth’s criticism that 
high climate sensitivity estimates could be obtained simply by choos-
ing different starting and ending points for the analysis. 46  In fact, all 
four reviewers agreed that the paper was not of suitable quality for 
publication in  PNAS  and that its conclusions were not justifi ed. As a 
result, like  JGR, PNAS  declined to publish the paper. 

 Lindzen was eventually able to get his paper published in an 
obscure Korean journal that likely had less stringent peer-review stan-
dards. 47  Submitting their papers to obscure and/or off-topic journals 
is one of the common ways climate contrarians publish shoddy sci-
entifi c research, and it’s an immediate red fl ag that their papers are 
fundamentally fl awed. Editors of non-climate journals are less likely to 
be able to identify qualifi ed climate experts to peer-review submitted 
papers, and hence, fundamentally fl awed arguments are more likely to 
slip through their referee process. 
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 Despite this history of consistently inaccurate and misleading cli-
mate arguments, Lindzen and his fellow climate contrarians continue 
to argue that global warming is nothing to worry about, and people 
continue to listen to them. Republican politicians have invited Lindzen 
to testify before U.S. Congress several times, and he’s one of the most 
frequently cited scientists on climate contrarian blogs and conserva-
tive media outlets. 48  There’s simply a double standard where contrar-
ian climate scientists don’t lose credibility, no matter how consistently 
wrong they’re proven to be. 

 In fact, Lindzen was prominent in the press in January 2014, despite 
the fact that he retired from MIT in spring of 2013 to join a political 
advocacy group. Perhaps retirement has given Lindzen more time 
to chat with journalists. In any case,  The Weekly Standard  ran a long 
puff piece about Lindzen that, among other things, described him as 
“grandfatherly.” 49  The entire piece focused on how Lindzen believes 
climate change is nothing to worry about, that changes in water vapor 
will dampen global warming, espousing the conspiracy theory that 
mainstream climate scientists are fear mongering in order to keep the 
spigot of federal scientifi c grant money open. It was a sorry piece of 
faux journalism that never even mentioned Lindzen’s history of get-
ting all of his climate-related arguments wrong. Fortunately, at the end 
of the long article,  The Weekly Standard  did include this quote from cli-
mate scientist Andrew Dessler: 

  Over the past 25 years, Dr. Lindzen has published several theories 
about climate, all of which suggest that the climate will not warm 
much in response to increases in atmospheric CO 2 . These theories 
have been tested by the scientific community and found to be com-
pletely without merit. Lindzen knows this, of course, and no longer 
makes any effort to engage with the scientific community about his 
theories (e.g., he does not present his work at scientific conferences). 
It seems his main audience today is Fox News and the editorial 
board of the Wall Street Journal.  

 Dessler nailed it. Nevertheless, the rest of the piece downplayed the 
risks associated with global warming based on nothing more than 
Richard Lindzen’s opinion. Just a few days later, the television network 
CBS in Boston interviewed Lindzen about a new state of Massachu-
setts’ plan to prepare for the impacts of climate change. 50  Predictably, 
Lindzen downplayed the risks associated with global warming, and 
CBS didn’t investigate or mention Lindzen’s history of being wrong 
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on climate change. Not only is Lindzen a favorite of the conserva-
tive media, but he’s also used by journalists to “balance” their articles 
with a perspective from “the other side.” Unfortunately, that’s just not 
how science works. It’s not a democracy—arguments need to be sup-
ported by solid scientific evidence or they’re cast aside. Giving Lin-
dzen’s opinion so much undeserved weight and prominence actually 
does media viewers and readers a disservice. This practice is known 
as “false balance.” 

 The good news is that some media outlets are now beginning to 
hold Lindzen accountable for his history of being wrong. In Febru-
ary 2014, the NBC Sunday news show  Meet The Press  hosted a climate 
“debate” between Bill Nye the Science Guy and Tennessee Republican 
representative Marsha Blackburn. Blackburn tried to deny the expert 
scientifi c consensus on human-caused global warming by citing two 
contrarians, Judith Curry and Richard Lindzen. Fortunately, host 
David Gregory corrected Blackburn on the issue by pointing out that 
there is indeed an expert scientifi c consensus. However, it was disap-
pointing that in one of the extremely rare instances that  Meet The Press  
or any of the Sunday news shows discussed climate change, it was 
treated as a debate in which a politician was allowed to make a num-
ber of false statements about climate science and the expert consensus 
on human-caused global warming. 

 It’s also unfortunate that it was posed as yet another of these one-on-
one debates where fringe contrarian arguments are given equal weight 
to mainstream arguments. In May 2014, comedian John Oliver put 
together a great show on his HBO program  Last Week Tonight with John 
Oliver . In the show, Oliver made several key points: 

   •  Humanity’s response to global warming has so far been a mas-
sive risk-management failure, or as Oliver wittily put it, “we’ve 
all proven that we cannot be trusted with the future tense.” 

  •  Public skepticism about global warming is irrelevant. As the great 
astrophysicist and science communicator Neil deGrasse Tyson 
says, “The good thing about science is that it’s true whether or 
not you believe in it.” 

  •  The body of scientifi c evidence supports human-caused global 
warming. 

  •  The media nevertheless continue to treat the subject as a debate, 
often with 1 person representing the majority consensus and 1 
person representing the less than fringe minority. 

  •  The debate should center on what to do about climate change; it’s 
not about the science.  
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 The pinnacle of the program was in the mock climate debate hosted 
by Oliver, initially involving Bill Nye the Science Guy versus a climate 
denier. However, in the interest of creating a statistically representa-
tive debate, Oliver brought out two more climate deniers and 96 more 
scientists. A video clip of the program went viral with over 4 million 
views, on top of the audience watching the program on HBO. 

 Soon after the Nye/Blackburn debate on  Meet The Press , Ned Resn-
ikoff at MSNBC ran an article quoting me in explaining Lindzen’s his-
tory of being wrong. 51  

  “There is not consensus there,” said Blackburn, who, as the current 
vice chair of the House Energy and Commerce Committee, has influ-
ence over domestic environmental policy. Blackburn cited two cli-
mate scientists to make her point: One who has been “wrong about 
nearly every major climate argument he’s made over the past two 
decades,” according to fellow environmental scientist Dana Nuc-
citelli, and another who recently said, “it’s clear that adding more 
carbon dioxide to the atmosphere will warm the planet.” The sci-
entific consensus on climate change is accepted by 97% of climate 
scientists.  

 Resnikoff’s piece was picked up and quoted by a few other media 
outlets. It’s at least a positive development that more journalists are 
showing a willingness to look into the backgrounds of these few con-
trarian climate scientists who are constantly quoted and referenced by 
the conservative media in their efforts to deny human-caused global 
warming and oppose taking action to mitigate climate change. We 
need more journalists to hold climate contrarians like Richard Lindzen 
accountable for their history of constantly being wrong on climate sci-
ence issues. 

 Those who continue to rely on Richard Lindzen to dispute the dan-
gers of human-caused global warming are failing to learn from his his-
tory of being wrong. Again, George Santayana’s famous saying bears 
repeating here: 

  Those who cannot remember the past are condemned to repeat it.  



 4 

 The Formation and Growth 
of the Human-Caused 

Global Warming Consensus 

 By the late 1980s and early 1990s, a consensus was forming among 
climate science experts and in the peer-reviewed scientific literature 
that humans are the driving force behind the global warming we’ve 
experienced since the mid-20th century. This growing consensus has 
been examined by several different studies, starting with one written 
by science historian Naomi Oreskes of the University of California at 
San Diego (she has since moved to Harvard University), published in 
the prestigious journal  Science  in 2004. 1  

 Oreskes reviewed the abstracts (paragraph-long summaries 
at the beginning of scientifi c papers) of 928 studies published in 
peer-reviewed scientifi c journals between 1993 and 2003 with the key-
words “global climate change.” She divided the papers into six cat-
egories: explicit endorsement of the consensus position (that humans 
are causing global warming), evaluation of climate impacts, climate 
mitigation proposals, methods, paleoclimate analysis, and rejection of 
the consensus position. Oreskes assumed that a paper evaluating cli-
mate impacts or discussing how to mitigate global warming implicitly 
endorsed human-caused global warming. 

 Of the 928 abstracts she reviewed, 75 percent fell in the fi rst three 
categories, either explicitly or implicitly endorsing the consensus that 
humans are causing global warming. The other 25 percent fell in the 
paleoclimate (the study of past climate changes) and methods (e.g., 
researching how to improve measurements of climate change) catego-
ries. Oreskes did not fi nd a single paper rejecting human-caused global 
warming in her sample of the peer-reviewed climate science literature. 

 A few months after Oreskes’s study was published, a climate con-
trarian named Benny Peiser attempted to disprove her results. Peiser 
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has since become the director of the UK political advocacy group Global 
Warming Policy Foundation (GWPF), which formed with the purpose 
of combating what their group describes as “extremely damaging and 
harmful policies” designed to mitigate climate change. Basically, they 
release shoddy scientifi c reports and use them to justify opposition to 
proposed policies to reduce greenhouse gas emissions. 

 Peiser repeated Oreskes’s survey and initially claimed to have found 
34 peer-reviewed studies rejecting the consensus on human-caused 
global warming (a less than 4 percent rejection rate). However, an 
inspection of each of these 34 studies by climate blogger Tim Lambert 
revealed that most of them don’t reject the consensus at all. 2  Those few 
articles in Peiser’s list that do qualify as rejecting the consensus were 
editorials or letters, not peer-reviewed studies. A group called Media 
Watch subsequently asked Peiser about those 34 studies, and Peiser 
admitted: 3  

  Only [a] few abstracts explicitly reject or doubt the AGW (anthro-
pogenic global warming) consensus which is why I have publicly 
withdrawn this point of my critique.  

 When Media Watch pressed Peiser further, he admitted that only 
one article in his survey qualifi ed as rejecting the consensus on 
human-caused global warming, and that was a committee report pub-
lished in the Bulletin of the American Association of Petroleum Geolo-
gists (not peer-reviewed science). Oreskes’s results were vindicated, 
confi rming that the expert scientifi c consensus on human-caused 
global warming had formed by the mid-1990s, if not earlier, and con-
fi rming that peer-reviewed papers rejecting this expert consensus are 
very rare. 

 In 2009, Peter Doran and Maggie Zimmerman from the University 
of Illinois, Chicago, took a different approach to measuring the expert 
consensus. Rather than examine the peer-reviewed scientifi c literature, 
they conducted a survey of 3,146 Earth scientists and asked the ques-
tion, “Do you think human activity is a signifi cant contributing factor 
in changing mean global temperatures?” 4  

 Overall, 82 percent of the Earth scientists answered “yes.” Com-
paring the participants’ responses to the level of expertise in climate 
science yields some particularly interesting results. Of scientists who 
were non-climatologists and didn’t publish climate science research, 
just 77 percent answered “yes.” In contrast, 97.5 percent of the sci-
entists who actively publish research on climate change responded 
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“yes.” This suggests that as the level of active research and expertise in 
climate science increases, so does agreement that humans are signifi -
cantly changing global temperatures. 

 This result was subsequently confi rmed by a paper published in 
the  Proceedings of the National Academy of Science  in 2010, led by Wil-
liam Anderegg from Stanford University. 5  In this study, the authors 
compiled a database of 1,372 climate researchers who had either 
authored climate science assessment reports or signed statements 
about human-caused global warming. They then tallied the number of 
climate-relevant publications authored or coauthored by each of these 
researchers to evaluate their expertise in climate science. They set the 
criterion that in order to be considered a climate expert, a scientist was 
required to have published at least 20 climate-relevant publications, 
which trimmed their list to 908 researchers. 

 They found that the group of climate researchers who were “uncon-
vinced by the evidence” of human-caused global warming comprised 
just 2 percent to 3 percent of the top 50 to 200 climate experts, in terms 
of having the most climate-related publications. The average climate 
researcher in the “unconvinced” category had published 60 climate 
papers, while the average researcher in the “convinced” category had 
published nearly twice as many, at 119. Approximately 80 percent of 
the “unconvinced” group was comprised of researchers with fewer 
than 20 climate-related scientifi c publications. Consistent with the 
fi ndings of Doran and Zimmerman, the Anderegg group results show 
that greater expertise in climate science makes it more likely that a 
researcher will conclude that humans are causing global warming. 

 Despite this consistent picture with study after study showing a 
strong expert consensus on human-caused global warming, the Amer-
ican public has remained largely unaware of this fact. For example, 
a Pew Research poll in 2012 found that 57 percent of the U.S. public 
either disagreed or were unaware that scientists agree that the Earth 
is very likely warming due to human activity. 6  When asked what 
percentage of climate experts agree that humans are causing global 
warming, research by my colleague John Cook at the University of 
Queensland fi nds that the average American answer is 55 percent; far 
lower than the actual 97 percent. Cook has referred to this discrepancy 
as “the consensus gap.” 

 In addition to the aforementioned studies examining the expert 
consensus on human-caused global warming, the scientifi c consensus 
is represented by various professional scientifi c associations. Dozens 
of scientifi c organizations endorse the consensus position that most 
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of the global warming in recent decades can be attributed to human 
activities. The Academies of Science (organizations of the top scientists 
in each country) from 80 different nations all endorse the consensus 
on human-caused global warming. None reject it. Not a single profes-
sional scientifi c organization or National Academy of Science disagrees 
with the fact that humans are causing signifi cant global warming. 

 And yet, the American public continues to believe that scientists are 
divided on this question. A 2014 survey conducted by scientists at Yale 
and George Mason Universities found that only 12 percent of Ameri-
cans know that over 90 percent of climate scientists have concluded 
human-caused global warming is happening. 7  

 How is that possible? While climate scientists and communicators 
have been struggling to make the public aware of this fact, climate 
contrarians and fossil fuel interest groups have expended consider-
able effort and resources to obscure the expert consensus. For example, 
as far back as 1991, Western Fuels Association conducted a $510,000 
campaign whose primary goal was to “reposition global warming as 
theory (not fact).” 8  Republican political strategist Frank Luntz also 
emphasized the importance of this effort in an infamous memo that 
was leaked in 2002. In the section “Winning the Global Warming 
Debate—An Overview,” Luntz emphasized the importance of obscur-
ing public awareness of the climate science consensus in his fi rst key 
strategy: 9  

   1.    The scientific debate remains open.   Voters believe that there is 
  no consensus   about global warming within the scientific com-
munity. Should the public come to believe that the scientific is-
sues are settled, their views about global warming will change 
accordingly. Therefore,   you need to continue to make the lack of 
scientific certainty a primary issue in the debate  , and defer to 
scientists and other experts in the field.  

 Luntz was right. Social science research has shown that when peo-
ple are aware of the expert consensus on human-caused global warm-
ing, they are more likely to support policies that will help solve the 
problem. 10  People who are aware of the expert consensus are also more 
likely to accept that human-caused climate change is happening. 11  
These conclusions make sense—we can’t be experts at every subject, so 
people tend to defer to the opinions of experts. If you feel ill, you visit 
a doctor. If your car isn’t running well, you take it to a mechanic. If 
you want to know what’s happening with climate change, you should 
listen to climate scientists. 
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 When it comes to climate science, climate scientists are the experts. 
Polls have consistently shown that when people are asked who they 
trust as a source of information for global warming, climate scientists 
are at the top of the list. A 2012 poll conducted by the team at Yale and 
George Mason Universities found that 74 percent of Americans trust 
climate scientists when it comes to global warming. 12  

 So the climate experts agree that humans are causing global warm-
ing, the public trusts climate experts on this subject, and people are 
more likely to support climate action if they are aware of the expert 
consensus. For those who oppose taking action to reduce greenhouse 
gas emissions from fossil fuel consumption, the math is clear. They 
have to convince the public that the expert scientifi c consensus doesn’t 
exist, and so far they’ve done a very effective job of pulling the wool 
over our collective eyes. The climate denial campaign has mirrored 
the strategy and success of the tobacco industry, which managed to 
convince the public for decades that the science wasn’t settled on the 
detrimental health impacts of smoking. They would fi nd their own 
“experts” to publish biased research, claiming the health effects of 
smoking were unclear, and successfully convinced many people that 
scientifi c experts remained divided on the subject. 

 The media have played a key role in achieving this same goal of 
promoting “unsettled science” with regard to global warming. Con-
sider Fox News’ slogan: “Fair and Balanced.” The network was built 
on the premise that the rest of the mainstream media has a politically 
liberal bias and that Fox News would “balance” it by providing a con-
servative perspective on the issues. Studies have shown that Fox News 
and other conservative media outlets like  The Wall Street Journal  heav-
ily overrepresent the views of climate contrarians. In one sample, Fox 
News represented human-caused climate change doubters in 69 per-
cent of stories. 13  

 A Union of Concerned Scientists analysis of 2013 climate coverage 
by the three major American cable news networks similarly found that 
only 28 percent of Fox News’ stories were factually accurate, 14  although 
that was an improvement from its 2012 climate reporting. In compari-
son, climate coverage on CNN in 2013 was 70 percent accurate, and 
MSNBC was 92 percent accurate. CNN’s coverage was problematic in 
terms of the “consensus gap” as well, because it often hosted one-on-
one climate “debates,” creating the false perception that experts are 
evenly divided on the issue. The misperception has been worse yet 
for Fox News viewers, who are treated to entire programs disparaging 
climate science and advocating conspiracy theories that the scientifi c 
experts are all part of some sort of massive hoax. 
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 The “false balance” approach, giving the views of less than 3 percent 
fringe minority of climate contrarians disproportionate media cover-
age, has seeped into other media outlets as well. Fearing accusations 
of bias, many newspapers and television news outlets will “balance” 
a mainstream scientifi c view by also interviewing a climate contrarian 
to present “the other side.” The problem is that by disproportionately 
representing the small minority of climate contrarians, a false impres-
sion is created among the public that their numbers are greater than 
they are in reality, and hence the consensus gap is born. 

 The BBC provides a good example of this fl awed false balance 
approach to climate reporting. In 2010–2011, the BBC Trust launched 
a review of the impartiality and accuracy of BBC science coverage, 
including an independent review by Steve Jones, Emeritus Professor 
of Genetics at University College London. Among his recommenda-
tions, Jones suggested that the BBC should stop giving “undue atten-
tion to marginal opinion” on climate science. 15  

 However, in 2013, David Jordan, head of BBC editorial standards, 
told British members of Parliament that the network had decided not 
to follow Jones’s key recommendations on climate change. In fact, BBC 
coverage of climate contrarians grew substantially in 2013. Most of the 
climate contrarians interviewed by the BBC were not climate scien-
tists and had no particular expertise in the subjects being discussed. 
In a blatant display of false balance, the BBC chose these interviewees 
solely for their vocal contrarian opinions. 

 This may surprise Americans, who generally perceive the BBC as an 
accurate, unbiased, public news outlet. I know it surprised me to see 
such blatant disregard for actual balance in favor of false balance at the 
BBC, which I view as journalistic malpractice. Unfortunately, this is the 
reality in one of the world’s most respected journalistic organizations. 
The BBC has interviewed bloggers and the head of the GWPF political 
advocacy group to present “the other side” in climate debates, despite 
the fact that these people have no climate science expertise whatso-
ever. When it comes to climate science coverage, the BBC is simply no 
longer a reliable journalistic source. 

  THE CONSENSUS PROJECT 

 In early 2012, a group of volunteers at Skeptical Science decided to 
update the climate literature survey conducted by Naomi Oreskes in 
2004. Nearly a decade had passed, and a number of climate contrar-
ians in the media were frequently claiming that the expert consensus 
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on human-caused global warming was “crumbling.” There was no 
evidence to support that assertion, so we felt it was a good time to test 
it with a new study of the peer-reviewed climate science literature, 
particularly given the general public perception that climate experts 
are divided on the causes of global warming. 

 My colleague John Cook, the founder of Skeptical Science, set up 
a system that would display abstracts of peer-reviewed climate sci-
ence papers in random order for our volunteer citizen scientist partici-
pants to rate based on their position on the cause of global warming. 
Like Oreskes, we included papers using the key words “global cli-
mate change,” but we also added “global warming” as a second 
search term. We expanded the search to include two decades’ worth of 
peer-reviewed climate research, from 1991 through 2011. 

 Our team was comprised of about a dozen volunteers from all 
around the world. We had participants from the United States, Can-
ada,  Australia, New Zealand, Finland, Italy, and Germany, all of whom 
donated hundreds of hours of their free time to help complete this 
study. 

 Thanks to this large team of volunteers, we were able to expand our 
survey to a much larger set of studies than in Orsekes’s 2004 paper. 
Adding in a second decade’s worth of research and including papers 
with the keywords “global warming” ballooned the sample size from 
928 in Oreskes’s study to about 12,000 in our literature search. As it 
turns out, with concern about climate change and its impacts growing 
in recent years, the amount of research on the subject has also grown 
exponentially. 

 First we had to decide exactly how to conduct the study. We 
wanted to evaluate papers’ positions on the cause of global warming, 
but internally we debated whether that would be enough. For exam-
ple, should we use the same categories as Orekes’s, or expand them? 
Should we just evaluate whether the surveyed studies agreed that 
humans are contributing to global warming, or should we include 
the specifi c percentage of global warming each study attributed to 
humans? 

 Surveys have shown that Americans believe scientists are divided 
on the simple question as to whether the planet is warming and 
whether humans are causing it. Thus, we decided our study should 
mainly focus on the simple question whether a study attributed global 
warming to humans without minimizing the human infl uence. How-
ever, I also wanted to keep track of studies that quantify the human 
contribution to climate change. 
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 Our team of volunteers also gave us the resources to read a large 
volume of abstracts. While Oreskes assumed that a paper discussing 
climate impacts implicitly endorsed human-caused global warming, 
for example, we decided to carefully read each abstract and evaluate 
its position on human-caused global warming based solely on the lan-
guage in the text. We also decided to make sure each abstract was rated 
by two independent participants to reduce human error. Where those 
two raters disagreed on a given abstract, they were allowed to revisit it 
to decide if they wanted to change their decision, or stand behind their 
original rating. Where the raters couldn’t resolve their disagreement 
this way, a third rater acted as the tiebreaker. 

 In order to include information about the amount of global warm-
ing being attributed to humans, I proposed that we use the following 
categories for level of endorsement. 

   1.  Explicit endorsement of human-caused global warming with 
quantification of the human contribution as responsible for 
greater than 50 percent of the global warming over the past 
50 years. 

  2.  Explicit endorsement of human-caused global warming without 
quantification. 

  3.  Implicit endorsement of human-caused global warming. For 
example, papers that discuss mitigating global warming by re-
ducing human greenhouse gas emissions, or papers that discuss 
greenhouse gases causing global warming without explicitly 
linking it to human activities. 

  4.  No position on the causes of global warming. This turned out to 
be the most common category, because most papers related to 
global warming and global climate change don’t bother to dis-
cuss the causes of global warming in their abstracts. 

  5.  Implicit minimization or rejection of human-caused global 
warming. In this category we decided to include papers that 
 acknowledge humans are causing global warming, but argue 
that humans are playing a small role. These papers imply that 
humans have caused less than half of the global warming over 
the past 50 years. 

  6.  Explicit minimization or rejection of human-caused global warm-
ing without quantification. 

  7.  Explicit minimization or rejection of human-caused global warm-
ing with quantification of the human contribution as responsi-
ble for less than 50 percent of the global warming over the past 
50 years.  
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 With these categories, we could have our cake and eat it too. They 
allowed us to address the simple question as to what percentage of 
peer-reviewed climate research attributed global warming to humans. 
At the same time, we could keep track of the papers that specifi ed 
whether humans are responsible for more or less than half of the global 
warming that’s happened over the past half century. Unfortunately, 
the nuances captured in these categories have been overlooked by 
many climate contrarians who have misrepresented our results; more 
on that will be discussed later. 

 We also categorized the abstracts in terms of the type of research 
the authors were doing, using similar categories to those in Oreskes’s 
2004 study. 

   1.  Methods: papers that research technical aspects of climate mea-
surement and/or modeling. 

  2.  Mitigation: papers that examine how to slow global warming. 
  3.  Paleoclimate: research into climate change from the past, prior to 

1750 and often thousands or millions of years ago. 
  4.  Impacts of climate change. 
  5.  Not related to climate; accidentally included in our literature 

search.  

 While our team eventually agreed to proceed with the study using 
these categories, there was some disagreement about how some of 
the categories were defi ned. For example, I felt that since we know 
unequivocally that humans are responsible for the increase in car-
bon dioxide in the atmosphere (through various methods, includ-
ing examining isotope ratios and by simple accounting, since we’ve 
actually emitted more carbon dioxide than has accumulated in the 
atmosphere), any paper discussing global warming caused by rising 
greenhouse gases should be considered an explicit endorsement of 
human-caused global warming. My colleagues disagreed, feeling that 
an explicit endorsement should include explicit language specifying 
that the global warming and/or increase in atmospheric greenhouse 
gases is human-caused. My colleagues outvoted me on that one, which 
made our results a bit overly conservative in my opinion. In fact we 
made several conscious decisions to ensure that our methods and 
results were conservative. 

 We were also conservative in deciding between the implicit endorse-
ment and no position categories. We often came upon abstracts that 
seemed to clearly accept that humans are causing global warming, but 



60 Climatology versus Pseudoscience

that didn’t use suffi ciently specifi c language to fall into our implicit 
endorsement category. One of our volunteers actually decided to quit 
the project a few days after we began rating papers, because he felt 
uncomfortable placing papers into the “no position” category that 
he believed were in agreement with the consensus on human-caused 
global warming. However, the consensus among our team was that we 
should take a conservative approach in our ratings in order to shield 
our results from the inevitable criticism that would come from climate 
contrarians when they were published. 

 In 2012, Naomi Oreskes coauthored a paper titled “Climate Change 
Prediction: Erring on the Side of Least Drama?” 16  As the title suggests, 
the paper theorized that climate scientists tend to err on the side of 
taking a more conservative approach for several reasons, including 
to avoid criticism from climate contrarians. We took a similar “least 
drama” approach, choosing to be overly conservative in our paper 
categorizations in order to minimize opportunities for criticism. It’s 
important to remember that an underestimate is just as wrong as 
an overestimate, even if the underestimate is less likely to be criti-
cized. Nevertheless, we knew that our paper would come under 
heavy scrutiny because of the importance of the expert consensus on 
human-caused global warming, so we erred on the side of conserva-
tism and least drama to ensure that our results would hold up to the 
most intense scrutiny. 

 And so we proceeded with our survey. John Cook set up a very 
well-designed system whereby a set of 10 randomly chosen climate 
papers from our literature search would display on the page. Our team 
of volunteers would mouse over the title of each, and the abstract would 
pop up. We would read each title and abstract and, based on the cat-
egories we had agreed upon, decide what category the paper belonged 
in for endorsement or minimization/rejection of human-caused global 
warming, and type of research. 

 It was a daunting task for a team of about a dozen volunteers. We 
had a set of about 12,000 abstracts to go through, rating each one at 
least twice. That meant we had to average about 2,000 abstract read-
ings and categorizations each. This was all done in our spare time, on 
top of continuing to run the Skeptical Science website and blog and 
trying to carry on with the rest of our lives. 

 Personally, in the evenings when I arrived home after work, I would 
sit down for a few hours reading and categorizing abstracts. I was able 
to churn through 50 to 100 per night, a few nights per week, and some 
on the weekends as well. John Cook also cleverly set up a leaderboard 
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to show who had categorized the most papers. This created a bit of 
friendly competition and motivated us to keep plowing through the 
abstracts. 

 After a few months I’d categorized nearly 1,800 abstracts, and our 
team had completed the initial categorizations of all the papers. We 
then began the process of addressing disagreements where the two 
individual ratings of a given abstract didn’t match. If the two categori-
zations disagreed, we let both raters review the abstract a second time 
and either change or defend their initial categorization. If they still dis-
agreed, we let a third rater read the abstract and cast the tiebreaker 
rating. 

 We were also concerned that once published, our results would 
be rejected and attacked. Climate contrarians have tried very hard to 
misinform the public about the expert consensus on climate change, 
and presumably we would arrive at a similar result as Oreskes, Doran, 
and Zimmerman and Anderegg et al. in fi nding a robust consensus. 
Although Skeptical Science is well respected by climate scientists for 
the scientifi c accuracy of its content, climate contrarians often try to 
label it as a biased advocacy site. In their eyes, any website that com-
municates the scientifi c evidence indicating that human-caused cli-
mate change is a major threat to the well-being of human society and 
civilization is a biased advocacy site. 

 While that characterization of Skeptical Science is completely inac-
curate, climate contrarians also have signifi cant infl uence in the con-
servative media like Fox News and  The Wall Street Journal . We were a 
bit worried that our results would be rejected and smeared because the 
ratings were done by Skeptical Science contributors. 

 On top of that, we wanted to fi nd a way to independently validate 
our results anyway. It’s entirely possible that we could have subcon-
sciously been biased in our categorizations of the scientifi c abstracts, 
as we ultimately pointed out in our paper. Scientifi c research is far 
more convincing when it’s replicated by other independent methods. 

 We decided that in addition to taking an approach like that in 
Orekes’s 2004 paper with the abstract ratings, we could test our results 
by using a similar approach to Doran and Zimmerman—ask the scien-
tifi c authors to categorize their own papers. This approach is actually 
a hybrid of those previous two studies, because we weren’t asking the 
scientists’ opinions; we were asking them what their peer-reviewed 
research papers said about the causes of global warming. 

 This approach had several clear benefi ts. Who knows what the 
research says better than the scientists who wrote it? This would 
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give us an unbiased second opinion to compare with our abstract 
rating results. On top of that, while our categorizations were based 
only on the paragraph-long abstracts, the authors could categorize 
their research based on the content of the entire papers. The results 
wouldn’t be exactly comparable to our abstract ratings, because the 
scientists would be considering much more information than we were, 
but it would also allow us to determine what information we were 
losing by only considering the abstracts of the papers, and it would 
give us a second and independent estimate of the expert consensus on 
human-caused global warming. 

 The challenge was in contacting all of the authors of the 12,000 
papers included in our survey. Most papers list a contact e-mail 
address for one or more authors, but we had to go through all the 
papers and extract those e-mail addresses by hand. This was mostly 
achieved through an incredible effort by one of our German volun-
teers, Baerbel Winkler. She plugged away at it, collecting e-mails from 
scientifi c papers for several months. Eventually Baerbel had added 
over 2,500 e-mails to our list, and with the rest of the Skeptical Science 
volunteers, we were able to put together a list of 8,536 e-mail addresses 
from scientists across 91 different countries. 

 John Cook put together another website listing the same categories 
as we used in our abstract ratings. He sent out an e-mail to the 8,536 
scientifi c authors of the papers in our survey and asked them to cat-
egorize their own papers. About 1,200 scientists responded; many had 
multiple papers captured by our survey, so they categorized a total of 
over 2,100 papers in terms of their positions on human-caused global 
warming and the type of research they were conducting. 

 Once we fi nished the abstract ratings and received all the author 
self-ratings, we began to examine the data, and we found a remarkable 
result. In the abstract ratings, among the papers taking a position on 
the cause of global warming, 97.1 percent agreed with the consensus 
that humans are causing global warming. In the author self-ratings, 
97.2 percent of papers taking a position on the issue agreed that humans 
are causing global warming. Although these were two entirely distinct 
and independent surveys, they arrived at almost identical results. 
They were also consistent with the previous results found by Oreskes, 
Doran, and Zimmerman, and Anderegg et al. 

 The biggest difference between our volunteer abstract ratings and 
the scientist author self-ratings was in the percentage of papers clas-
sifi ed as “no position” on the cause of global warming. Not surpris-
ingly, because the scientists were able to consider all of the information 
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in their full papers, a much higher percentage took a position on the 
cause of global warming. 

 Scientifi c paper abstracts are very valuable real estate. Most jour-
nals have strict limits of just a few hundred words for their abstracts, 
and often they’re the only information about a paper that’s not hid-
den behind a paywall. Scientists have to capture all of the most impor-
tant information from their papers in those brief abstracts. Few papers 
specifi cally investigate the causes of global warming, and the fact that 
humans are causing global warming has been well established in the 
scientifi c literature. Thus, most papers don’t waste valuable words 
in the abstract stating something as obvious as “humans are causing 
global warming.” It would be like a biologist saying in an abstract 
“species evolve through natural selection.” It simply doesn’t need to 
be said, because everybody reading the abstract knows it’s true. 

 Thus, only about one-third of the 12,000 abstracts we read and cat-
egorized took a position on the cause of global warming. The other 
two-thirds fell into our “no position” category. However, in the scien-
tist author self-ratings, about two-thirds took a position on the cause 
of global warming, while the other one-third fell into the “no position” 
category. 

 All of the Skeptical Science contributors to this project then had to 
decide how to present this information and data in a scientifi c paper. 
Should we focus on all the results, including the “no position” cat-
egory, should we focus on the papers taking a position on the cause of 
global warming, or should we focus on the papers taking a position 
that quantifi ed the human contribution to global warming? There was 
much debate on this and other questions. Ironically, we had a very 
diffi cult time reaching a consensus about how to write our consensus 
paper. 

 In the end, while we included all the data and categories in our 
paper, we decided on the second option, focusing our discussion on the 
papers taking a position on the cause of global warming. We wanted 
to know the answer to that question—what does the peer-reviewed 
climate science research say about the cause of global warming? This 
was the simple question that the general American public was getting 
badly wrong. 

 It also turned out that there were relatively few abstracts and papers 
that quantifi ed the human contribution to global warming. That spe-
cifi c question simply isn’t relevant to most climate research. For exam-
ple, if you want to research the effects of climate change on mountain 
goats in the Himalayas, what’s causing that climate change doesn’t 
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matter to your research. Scientists tend to be very specialized in their 
research, and a scientist researching climate impacts on mountain 
goats would leave it up to other specialists to determine what’s caus-
ing that climate change. 

 So in answering the question “What percentage of peer-reviewed 
climate science papers agree that humans are causing global warm-
ing?” studies that don’t answer the question (the “no position” cat-
egory) because it’s not necessary to their research aren’t relevant. We 
wanted to know, of the papers that do answer the question, how many 
agree and how many disagree. Answering this question would also 
make our results comparable to the previous consensus studies by 
Oreskes, Doran, and Zimmerman and Anderegg et al. 

 We fi rst looked at the results of the abstracts that we had categorized 
as taking a position on the cause of global warming, either attributing 
it to human activity or minimizing or rejecting the human infl uence 
on climate change. All together these categories gave us a nice sample 
size of over 3,900 abstracts with which to answer the consensus ques-
tion. Of those abstracts, 3,896 endorsed human-caused global warm-
ing while just 78 rejected or minimized it. 

 However, there remained a question about the “no position” 
abstracts. Some of our team members argued that there could be a sig-
nifi cant number of abstracts in this category arguing that we simply 
can’t determine what’s causing global warming. Those papers would 
be taking a position on the cause of global warming, calling it uncer-
tain, and should be included in the consensus calculation. The prob-
lem was that we hadn’t broken out the “no position” category in terms 
of abstracts taking no position on the cause of global warming, and 
those saying the causes are uncertain. None of us remembered very 
many abstracts saying the causes of global warming were uncertain (I 
couldn’t remember any out of the nearly 1,800 abstracts I had catego-
rized), but we didn’t want to leave this issue unresolved. 

 We decided to take a random sample of 1,000 abstracts in the “no 
position” category to see how many would fall into two new sub-
categories, “no position” and “uncertain” about the causes of global 
warming. After a few more days of reading and rating these abstracts, 
we found just 5 of the 1,000 that could be interpreted as saying that 
the causes of global warming are uncertain. All of the rest of the “neu-
tral” abstracts simply didn’t take a position on what’s causing global 
warming. Extrapolating this sample to the 7,930 in the “no opinion” 
category gave us an estimate of 40 “uncertain” abstracts. 
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 Putting these 40 uncertain abstracts together with the 3,896 
abstracts endorsing human-caused global warming and 78 rejecting 
or minimizing it gave us the overall consensus of 97.1 percent. We 
also looked at the abstracts and papers that quantifi ed the human con-
tribution to global warming. There were relatively few of these; just 
75 of our abstract ratings and 237 of the scientifi c author self-ratings 
captured in our literature search specifi ed how much of the observed 
global warming is being caused by humans. Relatively few studies 
investigate this specifi c question, and those who don’t investigate it 
tend not to address the question in their abstracts or papers. Never-
theless, we found that among those who did quantify human-caused 
global warming, 87 percent of abstracts and 96 percent of author 
self-rated papers stated that humans are the primary cause of the 
current global warming. The abstracts were a small sample size, so 
the self-rated papers represent a more reliable result for the consen-
sus among papers explicitly quantifying the human contribution to 
global warming. 

 The 96 percent consensus in this category is almost identical to the 
overall 97 percent consensus (including explicit endorsements that 
didn’t quantify the human contribution, and implicit endorsements). 
It’s also important to remember that any papers implicitly or explicitly 
minimizing the human contribution to global warming were put in 
the “rejection” categories, so both the 96 percent and 97 percent fi gures 
can be described as the expert consensus that humans are the main 
cause of global warming since the 1950s. The 96 percent is explicit, but 
a smaller sample size, while the 97 percent includes implicit endorse-
ments of the consensus, but gives us a much larger sample size. 

 So our study clearly debunked the “no consensus” myth, but another 
related misconception was also gaining popularity. Before we began 
our survey, we had noticed climate contrarians claiming more and 
more frequently that the expert consensus on human-caused global 
warming was crumbling. These claims were usually made after the 
publication of a single contrarian paper or were based on the contrar-
ians’ biased misperceptions. There was no solid evidence to support 
the assertion, but it was another consensus-related claim that we could 
test in our study. 

 Remember, we had examined papers published over the previous 
two decades, between 1991 and 2011. Thus, our newly created data-
base included all the necessary information to evaluate whether the 
expert climate consensus was crumbling, steady, or growing. After we 
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fi nished looking at the overall consensus results, we broke the data 
out year by year to see how the consensus had changed over time 
( Figure 4.1 ).  

 Not surprisingly, the data shows no evidence whatsoever of a crum-
bling consensus. In fact, there was a slow but steady growth in the 
expert consensus on human-caused global warming between 1991 and 
2011. What we didn’t expect to see was that the consensus had already 
formed by the early 1990s. In our abstract ratings (which are steadier 
and less noisy than the scientist author self-ratings because the sample 
size is bigger), the consensus was already well over 90 percent in 1991. 
It grew slowly but steadily over the next two decades, reaching 98 per-
cent in both the abstract and scientist self-ratings in 2011. 

 So where did the crumbling consensus claim come from? Like many 
climate myths, it was based on wishful thinking at best and intentional 
misinformation at worst. As Chip and Dan Heath discussed in their 
book  Made to Stick , climate science myths are often effective and per-
vasive because they are “sticky”—simple, concrete, and seemingly 

  Figure     4.1  Growth in the Expert Climate Consensus from 1991 to 2011 
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credible. 17  The crumbling consensus myth checked all of those boxes. 
The challenge in debunking sticky myths is to replace them with even 
stickier facts. There are several potential backfi re effects that can act 
to actually reinforce the myth in peoples’ minds, as discussed by John 
Cook and Stephan Lewandowsky in their  Debunking Handbook . 18  For 
example, going into too much detail and information when explain-
ing why the myth is wrong can actually cause people to remember the 
myth more vividly and forget the facts debunking it. This is known as 
“the overkill backfi re effect.” 

 Fortunately, the Skeptical Science team had extensive experience in 
effectively debunking climate myths. That’s what the site was built 
for, and it’s a subject John Cook in particular has researched exten-
sively. Perhaps the most important key to effective communication is 
KISS—keep it simple, stupid. This is especially true with the popular-
ity of social media today. A simple message that can be easily commu-
nicated, for example, within the 140-character limit of a Twitter tweet, 
can potentially reach a large audience. 

 Our consensus study also lent itself to several simple but important 
messages. First, there is a 97 percent consensus in the peer-reviewed 
climate science literature that humans are causing global warming. 
Second, that consensus is growing stronger over time. We were also 
able to create several infographics to communicate the main results 
of our study. People love infographics because when done right, they 
can simply and effectively communicate useful information, and info-
graphics can easily be shared via social media. 

 In building up credibility working on Skeptical Science over the 
years, we had also created a long list of contacts among journalists on 
other blogs and in the media. The “sticky” nature of our results, the 
importance of communicating the consensus, and our ability to get 
the word out by using our media contacts to communicate our simple 
message made for an excellent opportunity. 

 We spent a good six months to a year putting the paper together 
after we had completed the abstract ratings and received the author 
self-rating results, making sure it was as rock solid as possible with no 
signifi cant weaknesses that climate contrarians could latch onto. We 
submitted the paper to a high-impact journal,  Environmental Research 
Letters , which we chose because it was a well-respected journal that 
publishes a lot of climate science research and because it offered the 
option to publish the paper as open access. Most scientifi c journals will 
accept papers and publish them at no fee to the scientists, but access-
ing the full paper will cost readers somewhere in the ballpark of $30. 
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We wanted our paper to be free for everybody to access and read, and 
some journals offer the option for the authors to pay an up-front fee to 
make the paper freely available. We asked the readers of Skeptical Sci-
ence to help us raise the funds, and they crowdsourced the open access 
fee in under 10 hours. 

 After we submitted the fi rst draft of our paper to the journal, it was 
sent out to several climate expert referees for the peer-review process. 
A few months later we received their comments, and all were very 
positive. The reviewers made some good suggestions that resulted in 
relatively minor changes, but helped make the paper even stronger. 
Once we submitted a revised version of the paper incorporating those 
suggestions, the editor at  Environmental Research Letters  accepted it for 
publication. We raised and paid the fee to make it open access, and the 
wheels moved rapidly into motion. 

 We had also been contacted by a public relations company named 
SJI Associates that wanted to do some pro bono work for Skeptical Sci-
ence because their staff appreciated the quality of the site, the impor-
tance of the climate issue, and the volunteer nature of our contributor 
team. The results of our soon-to-be published consensus paper pro-
vided the perfect opportunity to collaborate with SJI Associates to help 
maximize the impact and reach of our results. SJI Associates created a 
great website called TheConsensusProject.com, which explained some 
basic climate science with the aid of creative animations and also fea-
tured the results of our study along with some nice infographics. 

 We wanted to make our data and results as transparent and repli-
cable as possible. We knew that climate contrarians would attack our 
study, claiming that the Skeptical Science volunteers categorizing the 
papers were biased. The scientist author self-ratings arriving at the 
same 97 percent consensus result gave us an ironclad response to that 
inevitable attack, but we also wanted to allow individuals the oppor-
tunity to check our results for themselves. That way our results would 
be unassailable, because anybody could verify them for themselves. 
John Cook set up a website where he imported all the climate paper 
abstracts that we had categorized during our survey. He set up the 
same system as we had used, displaying titles randomly and allowing 
people to read the abstracts by dragging the mouse over the title of the 
paper. 

 In May 2013 we had everything ready to go. Our paper was about 
to be published in a respected peer-reviewed journal. We had found 
a 97 percent consensus in the climate science literature using two 
independent methods, volunteer abstract ratings and scientist author 
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self-ratings, and our paper would be free for anybody to download 
to see exactly what we did. We had a system with which anybody 
could check our results for themselves. We had the slick new web-
site created for us pro bono by SJI Associates. And we had a very 
news-friendly story: a team of citizen science volunteers from around 
the world conducting the most comprehensive survey ever done of 
the peer-reviewed climate science literature, fi nding the same result 
using two independent methods. Most importantly, we had a simple, 
concrete, sticky message with the 97 percent expert consensus on 
human-caused global warming. 

 John Cook and I got to work, sending information about our paper 
and associated resources to all of the climate and environment journal-
ists whose contacts we had built up over the previous several years. 
Because Skeptical Science was such a useful and trusted resource for 
fact-checking climate claims, we had previously been contacted by 
many journalists, and most other environmental journalists to whom 
we sent information about our study were familiar with Skeptical Sci-
ence and its solid scientifi c credentials. All together, it made for an 
appealing story, and we made sure a lot of environmental journalists 
were aware of it and would have time to prepare stories before the 
paper was published by  Environmental Research Letters . 

 On May 15th, 2013, the paper was published. Our media outreach 
turned out to be more successful than we ever dreamed. Newspapers 
from around the world ran stories about our study. John Cook and 
I each did several radio interviews. John was also interviewed on 
CNN, and I talked about our results in a panel on the Al Jazeera show 
 Inside Story . The most exciting and probably most infl uential commu-
nication of our results came via social media. President Obama’s Twit-
ter account published two separate Tweets about our study. In fact, 
President Obama’s Tweets launched a second wave of media stories 
about our paper. 

 About fi ve months later, our paper became the most downloaded in 
all of the  Institute of Physics  scientifi c journals ( Environmental Research 
Letters  being one of the  Institute of Physics  journals), with over 100,000 
downloads. It has now been downloaded over 270,000 times; more 
than double the second-most downloaded paper in all  Institute of 
Physics  scientifi c journals. The editors and publishers at  Environmental 
Research Letters  voted it their best paper of 2013. It was also the 11th 
most talked about academic paper of 2013 according to Altimetric, 
which published a review of the 100 academic papers “that received 
the most attention online and the conversations that happened around 
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them.” Not bad for a nerdy scientifi c paper written by a bunch of 
 citizen scientist volunteers. 

 As we expected, despite all the lengths we went to in an effort to 
make our results as transparent and replicable as possible, climate con-
trarians mounted numerous attacks. One of the main attacks claimed 
that the 97 percent consensus was so weak, simply stating that humans 
are causing  some  global warming, that even the climate contrarians 
agree with it. For example, climate scientist and contrarian Roy Spen-
cer of the University of Alabama at Huntsville claimed in testimony 
to U.S. Congress and later in media interviews and on blogs that he 
would be included in the 97 percent despite being a “skeptic.” 

 There are several problems with Spencer’s assertion. The biggest 
fl aw is that fi ve of Spencer’s papers were included in our abstract rat-
ings: four of those were categorized as “no position,” and the fi fth was 
categorized as implicitly minimizing or rejecting the human contribu-
tion to global warming. In other words, Spencer isn’t in the 97 percent; 
his papers are in the less than 3 percent. His assertion to Congress was 
fl at-out wrong. 

 Moreover, rather than make false claims to U.S. Congress and jour-
nalists, Spencer could have easily checked how we categorized his 
abstracts. All of our results were published online, and the interactive 
ratings system made them easy to check by doing keyword search-
ers, for example, by author name. It only took me about 30 seconds 
to see that Spencer’s abstracts did not fall into 97 percent consensus 
categories. 

 Spencer and his fellow climate contrarians failed to grasp the nuance 
of our study. In order to fall into the less than 3 percent of contrarian 
papers, an abstract only had to implicitly minimize the human contri-
bution to global warming. On top of that, we also looked at papers that 
quantifi ed the human contribution to global warming. As previously 
noted, 87 percent of abstracts and 96 percent of scientist self-rated papers 
that quantifi ed the human contribution to global warming stated that 
humans are the main cause of climate change over the past 50 years. 

 Thus, in addition to the 97 percent consensus that humans are caus-
ing signifi cant global warming, our results included a 96 percent con-
sensus that humans are the main cause of global warming over the past 
half century. The claims made by Spencer and his fellow contrarians 
that they would be included in the consensus were wrong on multiple 
levels, and Spencer could have fact-checked his claim prior to making 
it on congressional testimony with a simple 30-second search of our 
abstract ratings website database.  
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  RICHARD TOL ACCIDENTALLY CONFIRMS 
THE 97 PERCENT CONSENSUS 

 The attacks on our paper didn’t stop there, of course. From the outset, 
economist Richard Tol seemed determined to find something wrong 
with the methods we used in our abstract ratings. Strangely, Tol ad-
mitted that he believes the expert consensus on human-caused global 
warming was real and correct, but nevertheless spent the next year 
trying to poke holes in our methodology. 

 We never were able to fi gure out what Tol’s motivations were in 
attacking our study. Perhaps he saw the attention our results had 
received and thought he could raise his own profi le by taking us down. 
Perhaps he enjoyed the praise lavished on him by climate contrarians 
whenever he spoke critically about our paper. He explicitly admitted 
that the consensus is “of course in the high nineties,” 19  but decided 
that nit-picking whether 97 percent is exactly right was a good use of 
his time. 

 Richard Tol is a fairly well-known economist with an extensive 
record publishing papers on the costs of climate change, and so his 
credentials seemed to lend credibility to the attacks on our paper. In 
fact on the BBC show  Sunday Politics , host Andrew Neil claimed in 
July 2013 that our results had “of course been substantially discred-
ited” and that “Professor Richard Tol . . . has disassociated himself 
from that and said it’s not reliable.” 20  Of course, Tol was never associ-
ated with our study, so the claim that he had disassociated himself 
from it was entirely nonsensical. 

 All of these negative claims made on the BBC about our peer-reviewed 
study were based on nothing more than comments Tol had made on 
the Internet. The BBC was soon criticized for frequently giving airtime 
to this sort of factually inaccurate climate contrarianism, but as previ-
ously noted, the organization has unfortunately decided to pursue a 
strategy of false balance rather than hold itself to a standard of factual 
accuracy. It has been disappointing to see the once highly respected 
BBC’s journalistic standards fall to a level similar to those of Fox News 
when reporting on climate change. 

 Our study seemed to be an obsession of Tol’s, as he eventually sub-
mitted fi ve papers critiquing our approach, four of which were rejected 
by three separate journals. Normally a critique of a paper should be 
published in the same journal that published the paper. However, 
 Environmental Research Letters  is a high-impact journal, rejecting 65 per-
cent of papers it receives as submissions, so it has a high standard 
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of quality. Tol’s paper didn’t come close to meeting that standard. It 
was full of unsupported, unsubstantiated, incorrect statements, and 
the journal editor immediately rejected his fi rst submission, writing, 

  It is in a large part an opinion piece. . . . I do not see that the sub-
mission has identified any clear errors in the Cook et al. paper that 
would call its conclusions into question—in fact he agrees that the 
consensus documented by Cook et al. exists. 21   

 Tol revised his critique and submitted it to  Environmental Research 
Letters  again; the second time, the editor sent it out to climate expert 
referees for peer-review. Tol posted the reviews on his blog, and the 
reviewers were not kind, saying, for example, 

  Rather than contribute to the discussion, the paper instead seems 
oriented at casting doubt on the Cook paper, which is not appro-
priate to a peer-reviewed venue, and has a number of important 
flaws. . . . Many of the claims in the abstract and conclusion are not 
supported by the author’s analyses. . . . Language is overly polemi-
cal and not professional in some areas. At times in the introduction 
and conclusion, the language used is charged, combative, not appro-
priate of a peer-reviewed article and reads more like a blog post. This 
does not serve the paper well and reflects poorly on the author. 22   

 Based on these critical comments,  Environmental Research Letters  once 
again rejected Richard Tol’s comment. A few months later, another 
journal called  Science & Education  did publish a critique of our paper, 
which was based on blog comments made by Christopher Monckton, 
who is essentially a climate contrarian celebrity and nonscientist. 23  
The critique was a response to a comment by Daniel Bedford and 
John Cook, 24  which the same journal had published just two days after 
submittal, so apparently this particular journal’s peer-review process 
leaves much to be desired. 

 Indeed, the Monckton critique was exceptionally poor. It basically 
argued that only 65 abstracts out of the 12,000 in our survey quanti-
fi ed that humans have caused most of the global warming over the 
past 50 years, and 65 of 12,000 is a fraction of a percent; therefore, the 
consensus was more like 0.5 percent rather than 97 percent. However, 
this argument neglects the fact that our literature search using the 
keywords “global warming” and “global climate change” was quite 
broad, and many abstracts and papers simply didn’t take a position 
on the cause of global warming. That doesn’t mean they disagree that 
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humans are causing global warming; it simply means their abstracts 
and/or papers are not relevant in answering that question. 

 Using this logic, you could argue that there’s a less than 1 percent 
consensus on evolution, that the Earth revolves around the sun, or 
that the Earth isn’t fl at. Moreover, using Monckton’s approach, only 
0.08 percent of abstracts would qualify as minimizing or rejecting 
human-caused global warming. That’s not an argument climate con-
trarians should want to make. 

 After the two rejections by  Environmental Research Letters , Tol sub-
mitted his paper to three other journals, two of which he reported 
rejected it for being outside of their scope. On the fi fth try, a journal 
called  Energy Policy  fi nally accepted Tol’s critique of our paper. As the 
journal name suggests, a critique of our paper does not fall within the 
scope of  Energy Policy  either, which describes itself as 25  

  an international peer-reviewed journal addressing the policy impli-
cations of energy supply and use from their economic, social, plan-
ning and environmental aspects.  

 A paper critiquing the methodology of another paper that quanti-
fi es the consensus in the peer-reviewed climate science literature on 
human-caused global warming has essentially nothing to do with the 
policy implications of energy supply. In fact, in his paper Tol specifi -
cally stated: 

  Consensus has no academic value (although the occasional stock 
take is valuable for teaching and guiding future research) and lim-
ited policy value. 26   

 However, he also tacked on four sentences at the end of the paper 
that weren’t present in previous drafts, talking about its “policy impli-
cations.” This was a rather transparent attempt to make his paper fi t 
within the scope of  Energy Policy , and for some reason the journal edi-
tors bought it. 

 When we looked at his paper, the fi rst thing we noticed was that Tol 
hadn’t addressed any of the constructive criticism that the  Environmen-
tal Research Letters  reviewers had given him when that journal twice 
rejected his submission. They identifi ed 24 problems or areas where 
the paper could be improved; Tol ignored every single one. His  Energy 
Policy  paper had all the same errors, and he added some big new ones. 
He had even referenced Monckton’s terrible paper, as well as various 
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climate contrarian blogs, including their discussions of material that 
had been stolen during a hack of the Skeptical Science private discus-
sion forum. Tol took some comments by one of our volunteers, Andy 
Skuce, about feeling déjà vu because language in the abstracts of cli-
mate papers are sometimes similar, and claimed they supported his 
hypothesis that our volunteers suffered from “rater fatigue.” 

 Aside from the referenced material being stolen and thus totally 
unsuitable for an academic paper, Tol had also badly misrepresented 
Andy’s private comments, which had nothing to do with fatigue. In 
fact, our ratings were done at our own leisure without any deadlines. 
Fatigue was never a problem. Our team also became more adept at 
rating papers over time, because we became more experienced after 
reading hundreds and hundreds of abstracts. If anything, we got better 
at rating papers over time as we became more experienced, not worse. 
Even after Andy clarifi ed his comments and complained that Tol was 
distorting them, Tol continued to stand behind his misinterpretation of 
those comments. His bias could not have been more transparent. 

 Tol’s paper also argued that rather than reading and categorizing 
every abstract individually based on its precise wording, we should 
have taken all the abstracts dealing with climate impacts and assumed 
that they all had no position on the cause of global warming. This would 
be similar but opposite to the approach taken by Naomi Oreskes in her 
2004 study, where she assumed that papers investigating the impacts 
of climate change were implicitly assuming that humans are causing 
global warming. Oreskes’s approach makes more sense than Tol’s sug-
gestion; after all, why worry about the impacts of global warming if 
it’s not human-caused and therefore probably won’t continue? 

 However, our approach of reading every single abstract and cat-
egorizing them based on their specifi c language was much more thor-
ough and precise than making sweeping general assumptions. Tol’s 
criticism would have involved making our study less thorough and 
precise. It simply made no sense. 

 We also found it funny that in his critique, Tol explicitly stated: 

  There is no doubt in my mind that the literature on climate change 
overwhelmingly supports the hypothesis that climate change is 
caused by humans. I have very little reason to doubt that the consen-
sus is indeed correct. 27   

 Tol was obsessed with publishing a critique of a paper whose con-
clusions he believed were true. In any case, his critique was also based 
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on faulty statistics. He only quantifi ed how his criticisms impacted our 
fi nal result in one spot, claiming that errors in our ratings would change 
the consensus result from 97 percent to 91 percent. Now, 91 percent 
would still be an overwhelming expert consensus on human-caused 
global warming, but Tol came up with this “correction” to our conclu-
sion by making an obvious mathematical error. 

 As previously discussed, our survey included a reconciliation pro-
cess to address abstracts where the two independent raters disagreed 
on which category the paper belonged in. By looking at the statistics of 
the reconciliation process, it’s possible to estimate the remaining error, 
because our raters were human after all and thus made some mistakes. 

 Tol estimated that the remaining error was 6.7 percent, which is 
probably an overestimate, but not totally unreasonable. However, he 
got lazy and sloppy in his statistical analysis. In our reconciliation pro-
cess, 55 percent of the changed ratings were “toward greater rejection” 
and 45 percent “toward greater endorsement.” Tol thus assumed that 
of the 6.7 percent of abstracts in the “no position” category that he 
believed were incorrectly rated, 55 percent of those should be rejec-
tions and 45 percent should be endorsements. 

 He didn’t bother to check how the ratings changed for each cat-
egory during the reconciliation process. Most of the changes “toward 
greater rejection” were from implicit endorsement to “no position” or 
from explicit to implicit endorsement. For the “no position” category, 
98 percent of changes were to endorsement categories, and just 2 per-
cent were toward rejections. That makes sense when you think about 
it, because less than 3 percent of all climate papers reject or minimize 
human-caused global warming. There’s no reason to expect 55 percent 
of incorrectly rated “no position” papers to reject the consensus—in 
reality there just aren’t that many rejection papers. 

 Since “no position” was the biggest category for our abstract rat-
ings, and because Tol assumed that 55 percent of the incorrectly rated 
papers should move to rejections rather than the correct fi gure of 2 per-
cent, he effectively conjured up 300 rejection papers, pulling them out 
of thin air with nothing more than a math error. It’s easy to see this is 
wrong. In our full sample of 100 percent of the abstracts, we identifi ed 
only 78 papers rejecting the consensus. In the mere 6.7 percent that Tol 
believed were in error, he nearly quadrupled that fi gure, conjuring up 
another 300 rejection papers. 

 My background is in physics, and in that fi eld you learn quickly 
to always do a “sanity check” on your calculations. For example, if 
you’re working on a problem and conclude that Mars has a mass 1,000 
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times larger than that of Earth, you think about how realistic that is, 
realize you must have made a mistake somewhere, and go back to 
check your math. Maybe economists don’t do that because economics 
isn’t a physical science with intuitive answers. For whatever reason, 
Tol and the referees who peer-reviewed his paper obviously didn’t do 
a sanity check on his results, because they fail badly. You don’t have to 
understand statistics to realize that if you’ve quadrupled the number 
of rejection papers with just a 6.7 percent sample, your math has gone 
awry somewhere. 

 Ultimately we also had the trump card of the scientist author 
self-ratings. You could throw our volunteer abstract ratings out and 
still be left with the 97 percent expert consensus that humans are caus-
ing global warming and the 96 percent expert consensus that humans 
have caused most of the global warming over the past 50 years, purely 
from the scientists categorizing their own papers. In fact, none of the 
criticisms of our paper have ever addressed the author self-ratings. 
They have all tried to fi nd fault in our volunteer ratings of the papers’ 
abstracts, overlooking the fact that we also found a 97 percent con-
sensus in the peer-reviewed climate science literature using a second, 
completely independent method. 

 When we corrected for Tol’s error, accounting for the ways in 
which the ratings had actually changed in each category during the 
 reconciliation process, we found the consensus estimate was robust 
at 97 ± 1 percent. That was just the tip of the iceberg; in the end we 
identifi ed 24 errors in Tol’s paper. Many of these were the same errors 
identifi ed by the  Environmental Research Letters  reviewers, some those 
reviewers just hadn’t identifi ed, and some were new to the  Energy 
 Policy  version of his paper. 

 Unfortunately, our dealings with the  Energy Policy  editors were not 
very positive. They gave us the opportunity to publish a response to 
Tol’s paper, but would only allow us 1,000 words and two weeks to 
respond. One thousand words were barely enough to scratch the sur-
face of Tol’s error-riddled paper. However, we used that opportunity 
to detail the math errors that caused Tol to underestimate the consen-
sus at 91 percent and then referenced a document that we published 
on Skeptical Science detailing the rest of his errors, at sks.to/TolReply. 

 John Cook politely asked the  Energy Policy  editor a number of ques-
tions to make sure our submission met the journal’s requirements. 
Since  Energy Policy  had given us only two weeks to respond, we 
wanted our submission to go smoothly. Cook also requested that the 
journal allow us more than 1,000 words, for example, in a supplement 



The Formation and Growth of the Human-Caused Global Warming Consensus 77

to our paper, but the editor refused. Eventually she told him to “stop 
harassing” her and just submit the document. We later found out that 
she was a consultant for the oil industry. Given that the editors had 
published Tol’s error-riddled paper despite the subject clearly being 
outside the journal’s scope, did not give us a fair opportunity to fully 
respond, and also allowed Tol the last word with a comment on our 
response, we were left with the feeling that the  Energy Policy  editor 
was not acting in good faith. 

 We were surprised when Tol’s paper went largely ignored after it 
was published. Just before it was published, Republicans had invited 
Tol to testify before the U.S. House of Representatives Congressional 
Committee on Science, Space, and Technology about the latest Inter-
governmental Panel on Climate Change report. The subject of the 
97 percent expert consensus on human-caused global warming came 
up a few times, and Tol made several disparaging comments about our 
paper. Thus, we had every reason to expect that once his critique was 
actually published, the conservative media would go berserk about 
it. However, we got out in front, pointing out that Tol agreed the con-
sensus was real, in the high nineties, and correct. In blog posts, we 
also detailed his 91 percent math error and the other 23 mistakes in 
his paper. These points may have discouraged the conservative media 
from covering the story. On the contrarian blogs that wrote about Tol’s 
paper, many commenters expressed dismay that Tol admitted the con-
sensus is real. For whatever reason, Tol’s terrible paper thankfully got 
little attention.  

 THE SOCIAL SCIENCE CLIMATE 
COMMUNICATIONS DEBATE 

 The results of our 2013 consensus study also triggered a debate among 
social scientists as to how best convince the general public about the 
threat of human-caused global warming. Our results helped address 
the consensus gap, where the average American thinks only 55 percent 
of climate experts agree on human-caused global warming, far lower 
than the actual 97 percent. However, Yale Professor of Law and Psy-
chology Dan Kahan has argued that the consensus is not an effective 
communications tool, at least by itself. Kahan believes that peoples’ 
positions on global warming are dictated by their political and cultural 
biases, and for any piece of factual information to help change their 
opinions (including the existence of the expert consensus), you first 
have to find a way to break through or get past that cultural bias. 



78 Climatology versus Pseudoscience

 It’s certainly true that research done by Kahan and other social sci-
entists has clearly shown that cultural biases are one of the main fac-
tors determining peoples’ perception of climate change, perhaps even 
the single biggest factor. In essence, liberals feel as though they’re on 
Team “global warming is a problem caused by humans” while con-
servatives identify with Team “no it’s not.” Kahan feels that people 
will take any new information and pass it through their cultural fi lter; 
if it conforms to their cultural identity, they’ll accept it. If not, they’ll 
just reject it. In fact, Kahan argues that giving people information that 
doesn’t conform to their cultural identity (like the 97 percent consen-
sus) may just act to polarize them further. 

 However, research done by John Cook and Stephan Lewandowsky 
has shown that when people are made aware of the expert consensus 
on the subject, across the political spectrum they become more likely to 
accept human-caused global warming (with the exception of extremely 
conservative Americans). An interesting 2014 study by social scientists 
at Yale and George Mason Universities also tested various methods 
of communicating the 97 percent consensus to audiences of various 
political persuasions. 28  They tried conveying the consensus as a simple 
statement, as a metaphor (e.g., “If 97 percent of doctors concluded that 
your child is sick, would you believe them? 97 percent of climate sci-
entists have concluded that human-caused climate change is happen-
ing”), and as an illustration in pie chart form. The scientists found that 
all of these methods increased the subjects’ perception of the consen-
sus, but the biggest change was among Republicans who were exposed 
to the pie chart. Their perception of the expert consensus increased by 
a whopping 27 percent. So conveying this expert consensus informa-
tion, especially in pie chart form, seems to increase awareness even 
among political conservatives. 

 Kahan remains unconvinced by these data. He argues that the 
experiments aren’t real-world results, and in the real world, climate 
realists have been communicating the existence of the expert con-
sensus for nearly two decades. If the expert consensus is an effective 
message, then why hasn’t it convinced the public that human-caused 
global warming is real and a problem? 

 I believe the answer to that question lies in the fact that climate 
contrarians have at the same time been working very hard to dispute 
the existence of the expert consensus over the past two decades. The 
media have been complicit in helping them achieve this goal through 
the practice of false balance. Climate contrarians make up less than 
3 percent of climate experts, but they receive a much larger proportion 
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of media coverage, especially in the conservative media like Fox News 
and  The Wall Street Journal , but also in media outlets that should be 
unbiased and yet still give climate contrarians a disproportionate 
amount of coverage, like the BBC. When people turn on the television 
or read a newspaper and frequently see climate contrarians saying 
global warming isn’t happening or isn’t caused by humans or isn’t a 
problem, it gives them the false perception that the experts are divided 
on these issues. 

 A perfect example of this behavior involved a 2013 study examin-
ing the opinions of the American Meteorological Society (AMS) about 
global warming. 29  It’s long been known that meteorologists have a rel-
atively low acceptance of human-caused global warming. In the sur-
vey of Earth scientists conducted by Doran and Zimmerman in 2009, 
meteorologists had the second-lowest acceptance at 64 percent, behind 
only economic geologists (47 percent), who have a clear confl ict of 
interest, often working for fossil fuel companies. The 2013 AMS sur-
vey tried to determine what factors were causing their relatively high 
rejection of human-caused global warming. 

 The study found that the factor that best predicted meteorologists’ 
positions on global warming was their awareness of the expert con-
sensus. The second-best predictive factor was their political ideology. 
Coming in third was their expertise in climate science. While meteo-
rology is a somewhat related fi eld, only 13 percent of AMS members 
described climate as their fi eld of expertise. Among those climate 
experts, 93 percent agreed that humans have contributed signifi cantly 
to global warming over the past 150 years. Among nonexperts, the 
answer was much lower. 

 Several media outlets misrepresented this study in their reporting. 
For example,  Forbes  business magazine ran a piece by James Taylor of 
the conservative Heartland Institute think tank, who claimed the low 
acceptance of human-caused global warming among AMS members 
disproved the expert consensus. I interviewed Neal Stenhouse, lead 
author of the study, who was not pleased with the Heartland Insti-
tute’s distortion of his results. Stenhouse told me: 

  Mr. Taylor’s claims are highly misleading, but we expect that from 
someone with a long history of distorting the truth about global 
warming. We found high levels of consensus on global warming 
among the climate experts in our sample. You only see low levels of 
consensus in the sample if you also look at the views of people who 
are not climate experts. 30   
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 Stenhouse’s study again showed that perception of the expert 
consensus is a key factor in determining whether people accept 
human-caused global warming. We also know that lack of awareness 
of the expert consensus isn’t purely due to political and cultural biases. 
Although the consensus gap is larger among American conservatives 
(who think the expert consensus is about 35 percent to 50 percent, 
according to John Cook’s research), there’s also a consensus gap among 
American liberals (who think the expert consensus is about 55 percent 
to 70 percent). That 20 percent difference between conservatives and 
liberals can be explained by political biases, but if that were the only 
explanation, then American liberals would respond that 97 percent 
of climate experts agree on human-caused global warming. Thus, a 
big chunk of the consensus gap isn’t political; it’s due to something 
else. I believe it’s most likely a refl ection of media false balance. The 
fact that only 12 percent of Americans are aware that the consensus is 
above 90 percent is further evidence that cultural and political biases 
aren’t the only problem at play; liberals and moderates are unaware of 
the consensus too. 

 This poses a major challenge for climate communicators like myself 
and my Skeptical Science colleagues. We can repeat the existence of the 
consensus until we’re blue in the face, but as long as media outlets con-
tinue to give disproportionate representation to climate contrarians, 
the message won’t stick. And if people remain relatively unaware of 
the expert consensus, they’re unlikely to grasp the urgency of the cli-
mate problem and thus are unlikely to demand that our policymakers 
do something to solve the problem. If we fail to avoid highly damag-
ing climate change, the media will bear a lot of the blame. 



 5 

 The Reason behind the 
Strengthening Consensus: 

The Science Is Right 

 As concerns about man-made global warming and its potential 
 consequences grew through the 1980s, the Intergovernmental Panel 
on Climate Change (IPCC) was formed. The IPCC was established by 
the United Nations Environment Programme and the World Meteoro-
logical Organization to provide the world with a clear scientific view 
on the current state of knowledge in climate change and its potential 
environmental and socioeconomic impacts. 

 The IPCC does not conduct any original scientifi c research or gather 
any data. Rather every fi ve to seven years, the IPCC brings together the 
world’s top climate scientists to review and assess the most up-to-date 
climate science research. The IPCC then produces a series of reports 
documenting the current state of our understanding of the climate, the 
risks it poses, and potential responses to those risks. 

 Thousands of climate science experts from all over the world con-
tribute to the work of the IPCC on a voluntary basis. They are not paid 
for their contributions to the IPCC reports and put their own research 
on hold in order to contribute to the IPCC. Climate scientists with the 
greatest expertise in the subject of each chapter of the report are invited 
to be lead authors. Currently, 194 countries are members of the IPCC, 
and its reports are considered some of the best scientifi c documents in 
the world. 

 Each IPCC report has a Summary for Policymakers that represents 
a consensus of national representatives. In the early 1990s when the 
IPCC was producing its fi rst reports, the consensus on human-caused 
global warming had already begun to form in the peer-reviewed cli-
mate science literature. It’s also worth noting that contrary to the myth 
that the IPCC reports are “alarmist,” because their summaries require 
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a consensus among participants, they tend to err on the conservative 
side. It’s diffi cult to achieve consensus among hundreds of participat-
ing countries, especially when some of those countries’ economies rely 
heavily on fossil fuels. 

  1990 

 The IPCC First Assessment Report (FAR) was published in 1990. In its 
Working Group I report on the physical science basis, the FAR used 
climate models to project future global warming under various carbon 
dioxide emissions scenarios. Details about the climate models used by 
the IPCC are provided in Chapter 6.6 of the report. 1  

 The modeled scenarios included business-as-usual (BAU) emis-
sions and three other scenarios (labeled B, C, and D) in which global 
human greenhouse gas emissions began slowing in 2000. In 2010, the 
atmospheric carbon dioxide concentration in BAU projected by the 
FAR was approximately 400 ppm and in Scenarios B, C, and D was 
approximately 380 ppm. In reality, it was 390 ppm, 2  so we have thus 
far been right between the various scenarios considered in the IPCC 
FAR report. 

 Sulfate aerosols were still a major source of uncertainty in 1990. In 
an improvement over Kellogg’s 1979 paper, the IPCC FAR correctly 
reported that an increase in atmospheric sulfate aerosols would cause 
an overall cooling effect. However, climate scientists at the time had 
diffi culty quantifying this cooling effect (in fact, quantifying the aero-
sol cooling effect is still a major challenge for climate scientists today), 
and they also did not know how human aerosol emissions would 
change in the future. 

 The IPCC FAR ran climate simulations using models with equi-
librium climate sensitivities of 1.5°C (2.7°F), 2.5°C (4.5°F), and 4.5°C 
(8.1°F) for a doubling of atmospheric carbon dioxide. However, in 
1990, the IPCC overestimated the size of the energy imbalance created 
by a doubling of atmospheric carbon dioxide and thus overestimated 
the equilibrium climate sensitivity of each model. Using current esti-
mates of the energy imbalance caused by a doubling of atmospheric 
carbon dioxide, the actual equilibrium climate sensitivity of the IPCC 
FAR “best estimate” model was actually 2.1°C (3.8°F) for doubled car-
bon dioxide, rather than the stated 2.5°C, for example. This is toward 
the lower end of today’s best estimates of the climate sensitivity to the 
increased greenhouse effect (1.5 to 4.5°C, or 2.7 to 8.1°F, warming in 
response to doubled carbon dioxide levels in the atmosphere). 
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 In order to evaluate how accurate the IPCC climate models were, we 
want to account for the difference between the greenhouse gas emis-
sions scenarios modeled in the FAR report and the actual observed 
emissions.  Figure 5.1  takes these changes into account and compares 
the IPCC best estimate climate model projections to the observed tem-
perature change from 1990 to 2010. This is only a model of temperature 
changes in response to human greenhouse gas emissions and does not 
take natural climate effects into account.  

 As  Figure 5.1  illustrates, the greenhouse gas–only model doesn’t 
simulate the temperature change in the early 20th century well, but 
it does accurately project the global warming starting around 1950. 
Since the IPCC FAR only modeled temperature responses to green-
house gas changes, this suggests that human effects began to drive 
global warming starting in the mid-20th century, while much of the 
early 20th-century warming was caused by natural effects like ocean 
cycles and an increase in solar activity. 

 The IPCC FAR best estimate climate model with just a 2.1°C (3.8°F) 
equilibrium climate sensitivity to doubled carbon dioxide matches the 
observed global warming since 1990 very accurately (predicting about 
16 percent more warming than observed). However, while the model 

  Figure 5.1  IPCC FAR “Best Estimate” Model Temperature Projections under 
Actual Greenhouse Gas Changes from 1880 to 2013 versus Observed Temperature 
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included the warming effects from not just carbon dioxide, but all 
human greenhouse gas emissions, it did not include the cooling effects 
from human sulfate aerosol emissions. 

 By including the main warming effects but excluding the main cool-
ing effects, the IPCC FAR model overestimated the total energy imbal-
ance caused by human emissions. Therefore, from this model we can 
expect the temperature change to a doubling of atmospheric carbon 
dioxide (the climate sensitivity) to most likely be somewhat higher 
than 2.1°C (3.8°F). 

 In any case, the accuracy of the 1990 IPCC global surface warming 
projections is impressive and provides evidence that carbon dioxide 
has played a dominant role in the global warming over the past two 
decades.  

  1995 

 The IPCC followed up the FAR with its Second Assessment Report 
(SAR) in 1995. In 1992, the IPCC published a supplementary report to 
the FAR, 3  which utilized updated greenhouse gas emissions scenarios 
called “IS92a” through “IS92f.” The 1995 SAR continued the use of 
these IS92 greenhouse gas emissions scenarios and made comments 
regarding the advancement of our understanding and ability to model 
the global climate accurately. 

  The increasing realism of simulations of current and past climate by 
coupled atmosphere-ocean climate models has increased our confi-
dence in their use for projection of future climate change. Important 
uncertainties remain, but these have been taken into account in the 
full range of projections of global mean temperature and sea level 
change.  

 Perhaps one of the biggest improvements between the IPCC FAR 
and SAR was the increased understanding of and thus the ability to 
model the effects of sulfate aerosols. Section B.6 of the report discusses 
the subject. 4  

  Aerosols in the atmosphere influence the radiation balance of the 
Earth in two ways: (i) by scattering and absorbing radiation—the di-
rect effect, and (ii) by modifying the optical properties, amount and 
lifetime of clouds—the indirect effect. Although some aerosols, such 
as soot, tend to warm the surface, the net climatic effect of anthropo-
genic aerosols is believed to be a negative radiative forcing, tending 
to cool the surface.  
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 Of all the IS92 emissions scenarios considered by the IPCC, the IS92a 
and IS92b scenarios have been closest to actual human greenhouse gas 
emissions since 1995, with scenarios IS92e and IS92f running just a bit 
high. Scenarios IS92c and IS92d (which represent humans taking seri-
ous steps to reduce greenhouse gas emissions) increasingly diverge 
from reality, since we have not yet made serious efforts to reduce the 
human impact on the global climate. However, by 2015, the atmospheric 
carbon dioxide concentrations in each scenario are not very different. 

 One interesting aspect in the IS92 scenarios is that the IPCC pro-
jected the global energy imbalance caused by sulfate aerosols remain-
ing strong throughout the 21st century. Given that aerosols have a 
short atmospheric lifetime of just one to two years (they wash out of 
the atmosphere relatively quickly), maintaining this strong infl uence 
would require maintaining human aerosol emissions (e.g., from burn-
ing coal and diesel) throughout the 21st century. 

 Because air quality and its impacts to human health are another con-
cern related to sulfate emissions (e.g., China is currently working on 
reducing its sulfate pollution emissions to address its terrible air qual-
ity problems and the health impacts and social unrest that result), it’s 
likely that human aerosol emissions will decline as the century pro-
gresses. This issue was one signifi cant change made in the IPCC Third 
Assessment Report (TAR) projections, as we’ll see later in this chapter. 

 The IPCC SAR also maintained the best estimate equilibrium cli-
mate sensitivity used in the FAR of 2.5°C (4.5°F) for a doubling of 
atmospheric carbon dioxide but, like the FAR, overestimated the global 
energy imbalance caused by this increase in carbon dioxide. Thus, as 
in the FAR, the actual equilibrium climate sensitivity of the FAR best 
estimate climate model was 2.1°C (3.8°F), which is again toward the 
lower end of today’s best estimates. 

 Using the various IS92 emissions scenarios, the SAR projected the 
future average global surface temperature change to 2100. Each of 
the scenarios results in approximately the same amount of projected 
global warming between 1990 and 2013, so there’s no need to adjust 
for projected versus observed greenhouse gas emissions in the com-
parison to the observed global warming ( Figure 5.2 ).  

 The IPCC SAR projection is similar to the FAR projection shown in 
 Figure 5.1 . Both models have the same equilibrium climate sensitiv-
ity of 2.1°C (3.8°F) for a doubling of atmospheric carbon dioxide, but 
 Figure 5.2  shows the difference when the cooling from human sulfate 
aerosol emissions is taken into account. Now the model has under-
estimated the global warming over the past two decades by about 
20 percent. 
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 So much for the IPCC and mainstream climate scientists being 
alarmist.  

  1998 

 Geologist Don Easterbrook from Western Washington University was 
one of the first scientists “skeptical” about man-made global warming 
to make a concrete prediction about future global surface temperature 
changes. In 1998, Easterbrook predicted that the Earth would cool dur-
ing the first 30 years of the 21st century, based on his interpretation of 
natural climate cycles. As Easterbrook put it, 5  

  The real question now is not trying to reduce atmospheric CO2 as a 
means of stopping global warming, but rather (1) how can we best 
prepare to cope with the 30 years of global cooling that is coming, 
(2) how cold will it get, and (3) how can we cope with the cooling 
during a time of exponential population increase? In 1998 when 
I first predicted a 30-year cooling trend during the first part of this 
century, I used a very conservative estimate for the depth of cooling, 
i.e., the 30-years of global cooling that we experienced from ~1945 to 
1977. However, also likely are several other possibilities (1) the much 
deeper cooling that occurred during the 1880 to ~1915 cool period, 
(2) the still deeper cooling that took place from about 1790 to 1820 

  Figure 5.2  IPCC SAR “Best Estimate” Model Temperature Projections versus 
Observed Temperature 
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during the Dalton sunspot minimum, and (3) the drastic cooling that 
occurred from 1650 to 1700 during the Maunder sunspot minimum.  

 You may recognize Easterbrook’s references to the Dalton and 
Maunder grand solar minima discussed earlier in this book. Several 
recent papers have investigated the infl uence of these extended peri-
ods of low solar activity on global surface temperatures and found 
that another similar grand solar minimum would cause no more than 
0.3°C (0.54°F) global surface cooling. This cooling would only be tem-
porary until the solar minimum ended and in the meantime would 
only offset about a decade’s worth of human-caused global warming. 
Despite being a geologist rather than a solar scientist, Easterbrook 
believes these solar minima had much larger impacts on global sur-
face temperatures. 

 Easterbrook has continued to stand behind his global cooling 
predictions. These predictions are based on the assumption that the 
approximately 30-year transitions between warming and cooling peri-
ods in the recent past will continue in the future. The major problem 
is that this is not a physically based assumption. For example, Easter-
brook doesn’t investigate what caused the 1910–1940 warming (partly 
rising solar activity, and some human greenhouse gas emissions, ocean 
cycles, and a few other factors) or the slight 1940–1970 cooling (human 
sulfate aerosol emissions probably played a big role here). If we don’t 
examine what caused these past climate changes, how do we know 
they will continue in the future? 

 This failure to understand the causes of past climate change is 
apparent in Easterbrook’s global cooling predictions, which he bases 
on the strengths of various past periods of global cooling. He doesn’t 
examine what caused these past cooling events, so he can’t predict how 
strong the proposed future cooling will be. All he can do is assume that 
what happened during past climate changes will happen in the future. 
His predictions are just assumptions that past cooling events will be 
repeated in the future. 

 The problem is that what’s happening now is different than what 
happened in the past. Humans weren’t burning immense quantities 
of fossil fuels or releasing tens of billions of tons of carbon dioxide 
into the atmosphere every year a century ago, as we are now. Thus, 
we shouldn’t expect future climate changes to look like past climate 
changes. Ignoring the human contribution to global warming, as East-
erbrook does, will surely lead to an incorrect prediction. So how have 
his predictions stacked up so far?  
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 In short, over the fi rst 13 years of his global cooling predictions, 
Easterbrook has already been wrong by between 0.34 and 0.68°C (0.61 
to 1.2°F). As expected, this is a very poor result. For example, compare 
Easterbrook’s projections to Wallace Broecker’s 1975 prediction that 
we examined earlier, which was based mainly on the warming caused 
by human carbon dioxide emissions. 

 Broecker’s 1975 prediction was within 0.3°C (0.54°F) of the observed 
global temperature in 2013, 38 years later, while Easterbrook’s are off 
by 0.34 and 0.68°C (0.61 to 1.2°F) after just 13 years. This illustrates the 
importance of basing future predictions on solid physical footing (as 
opposed to ignoring human effects on the climate) and also shows that 
climate scientists understand the inner workings of the global climate 
much better than climate contrarians would have us believe. In fact, in 
the 1970s, climate scientists understood how the Earth’s climate works 
better than many contrarian scientists do a full four decades later! 

 The inaccuracy of Easterbrook’s predictions has not hurt his cred-
ibility in the conservative media, of course. In fact in January 2014, 
right-wing news outlet CNS News (essentially the Fox News of the 
Internet) ran a story about Easterbrook with the headline “Climate 
 Scientist Who Got It Right Predicts 20 More Years of Global Cooling.” 6  

  Figure 5.3    Easterbrook Global Cooling Prediction Based on 1945–1977 Cooling 
and 1880–1915 Cooling versus Observed Temperature 
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The story was a remarkable example of outright denial of reality, claim-
ing “Easterbrook’s predictions were ‘right on the money.’ ” The quota-
tion marks in that sentence were particularly interesting, since the only 
person interviewed in the article was Don Easterbrook himself. Appar-
ently Easterbrook told CNS News that his global cooling predictions 
were “right on the money,” and rather than investigate those claims or 
even fact-check them with a real climate scientist, CNS News took his 
word for it. The story also quoted Easterbrook as saying, 

  When we check [the IPCC] projections against what actually hap-
pened in that time interval [since 2000], they’re not even close. 
They’re off by a full degree in one decade, which is huge. That’s more 
than the entire amount of warming we’ve had in the past century. 
So their models have failed just miserably, nowhere near close. And 
maybe it’s luck, who knows, but mine have been right on the button.  

 None of the statements in that quote are even remotely close to being 
true. The IPCC global warming projections since 2000 have been quite 
accurate, to within about a tenth of a degree Celsius. Easterbrook is 
claiming they’ve somehow been off by a full degree; ten times larger 
than the actual discrepancy. Meanwhile Easterbrook’s own predic-
tions, which he claimed have been “right on the button” and “right on 
the money,” have actually been 0.34 and 0.68°C (0.61 to 1.2°F) too cool. 
It’s Easterbrook who’s been off by nearly a full degree, not the IPCC. 

 In the same CNS News story, Easterbrook was also quoted attempt-
ing to dispute the expert consensus on human-caused global warm-
ing by citing a document called the Oregon Petition. This was an 
offi cial-looking petition circulated by climate contrarians, claiming 
that there’s no evidence that human-caused global warming will 
cause “catastrophic heating of the Earth’s atmosphere and disruption 
of the Earth’s climate” and that adding more carbon dioxide to the 
atmosphere would even be benefi cial for plants and animals. The only 
requirement for signatories on the Oregon Petition is that they need to 
have some sort of college science degree. If you want to trust your cli-
mate science to petroleum geologists and lab technicians, the Oregon 
Petition is for you. 

 Those collecting the signatures also didn’t check the claimed cre-
dentials of the signatories, so the fi rst versions of the Oregon Petition 
listed many falsifi ed names, for example, the names of members of the 
Spice Girls and several fi ctional characters from the television show 
M*A*S*H and the movie Star Wars. 
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 Very few of the approximately 32,000 Oregon Petition signatories 
had any climate expertise, and many shouldn’t even be considered 
 scientists. For example, more than half of the signatories are engineers, 
medical professionals, computer scientists, and mathematicians. 
Removing those signatories from the list would reduce the number 
to closer to 13,000. The remaining signatories also represent only 
0.1 percent of the scientists graduated in the United States over the 
past 40 years. 7  

 In 2001, Scientifi c American attempted to contact a random sample 
of 30 of the signatories, fi nding, 8  

  Of the 26 we were able to identify in various databases, 11 said they 
still agreed with the petition—one was an active climate researcher, 
two others had relevant expertise, and eight signed based on an in-
formal evaluation. Six said they would not sign the petition today, 
three did not remember any such petition, one had died, and five 
did not answer repeated messages. Crudely extrapolating, the peti-
tion supporters include a core of about 200 climate researchers—a 
respectable number, though rather a small fraction of the climato-
logical community.  

 There are tens of thousands of climate researchers around the world, 
so 200 would represent somewhere in the ballpark of 1 percent of cli-
mate researchers. The Oregon Petition simply creates the false appear-
ance that a large number of “scientists” dispute the threat posed by 
human-caused global warming by casting a wide net, allowing any-
body with any college science degree to sign, no matter how irrelevant 
that degree or subsequent employment of the signatory is to climate 
science. In reality, the signatories on the Oregon Petition represent a 
tiny percentage of the general science and climate science communi-
ties. Most climate contrarians don’t even bother to reference the Oregon 
Petition anymore, because it’s now considered something of a joke, a 
desperate attempt to dispute the expert consensus on human-caused 
global warming. 

 Easterbrook made another similarly deceptive argument in the CNS 
News interview by claiming that carbon dioxide can’t have a signifi -
cant effect on the global climate because it comprises a small percent-
age of the gases in the Earth’s atmosphere. This is a very similar ploy; 
the Oregon Petition is meant to cast doubt on the expert global warm-
ing consensus because the number of signatories  sounds  large. Talking 
about the percentage of the atmosphere comprised of carbon dioxide 
is meant to cast doubt on human-caused global warming because it 
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 sounds  small. However, neither of these numbers means anything 
without the proper context. Thirty-two thousand “skeptic” signatories 
on a petition sounds large, until you realize that there are millions of 
Americans with science degrees who were eligible to sign the petition. 

 Likewise the 0.04 percent of the atmosphere comprised of carbon 
dioxide sounds small, until you realize that 99 percent of the atmo-
sphere is comprised of non-greenhouse gases. The fact that there’s 
lots of nitrogen and oxygen in the atmosphere doesn’t tell us anything 
about the strength of the greenhouse effect from the carbon dioxide 
in the atmosphere. Moreover, there are chemicals that are toxic to 
humans when present in soil or groundwater in concentrations of just 
0.000001 percent. Knowing only the concentration of a compound is 
not enough information to determine if it poses a threat to human 
or environmental health. Those who argue that carbon dioxide can’t 
cause signifi cant global warming because it comprises a small percent-
age of all gases in the atmosphere either are themselves not very smart 
or are banking on the ignorance of their audience. 

 In this case, Easterbrook’s audience was CNS News writers and 
readers. He was probably right that the website’s writers have a poor 
understanding of basic climate science. In particular, his claim that his 
predictions were on the money while those made by the IPCC were off 
by a degree were completely 100 percent backward. Yet when it comes 
to climate change, right-wing news outlets like CNS News don’t care 
about the accuracy of the claims made by climate contrarians. As long 
as their comments support the news outlets’ desired do-nothing mes-
sage on climate change, they’ll happily interview climate contrarians 
whose inaccurate predictions should have long ago discredited them. 

 Don Easterbrook is a perfect example of another climate contrarian 
with a history of being completely wrong on climate change, whose 
credibility nevertheless seems indestructible.  

  2001 

 The IPCC followed up the FAR and SAR with its TAR, published in 
2001. Chapter 9 of the TAR discusses the report’s projections of future 
climate change. 9  

  A few Atmosphere-Ocean General Circulation Model (AOGCM) 
simulations include the effects of ozone and/or indirect effects of 
aerosols (see Table 9.1 for details). Most integrations do not include 
the less dominant or less well understood forcings such as land-use 
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changes, mineral dust, black carbon, etc. (see Chapter 6). No AOGCM 
simulations include estimates of future changes in solar forcing or in 
volcanic aerosol concentrations. 

 There are many more AOGCM projections of future climate 
 available than was the case for the IPCC Second Assessment Report.  

 In short, modeling of the effects of ozone and sulfate aerosols 
improved between the IPCC SAR and TAR, but some effects were still 
not well-simulated, like land-use changes (e.g., cutting down forests, 
which changes both the refl ectivity of the Earth’s surface and amount 
of carbon absorbed by the biosphere). 

 As noted earlier, the TAR reduced the projections of human sulfate 
aerosol emissions and their associated net cooling effect in the second 
half of the 21st century, which led to higher global warming projections 
by 2100. The IS92 emissions scenarios used in the SAR were replaced 
by the IPCC Special Report on Emission Scenarios (SRES), although the 
TAR also used the IS92 scenarios in order to allow comparisons with 
the projections in the SAR. The SRES cover a wide range of the main 
demographic, economic, and technological driving forces of future 
greenhouse gas and sulfur aerosol emissions. Each scenario represents 
a specifi c quantifi cation of one of the four storylines described here. 

   •  A1: a future world of very rapid economic growth, global popu-
lation that peaks in mid-century and declines thereafter, and the 
rapid introduction of new and more efficient technologies. The 
three A1 groups are distinguished by their technological empha-
sis: fossil intensive (A1FI), nonfossil energy sources (A1T), or a 
balance across all sources (A1B). 

  •  A2: a very heterogeneous world. The underlying theme is 
self-reliance and preservation of local identities. Fertility patterns 
across regions converge very slowly, which results in continu-
ously increasing population. Economic development is primarily 
regionally oriented, and per capita economic growth and tech-
nological change are more fragmented and slower than in other 
storylines. 

  •  B1: a convergent world with the same global population, that 
peaks in mid-century and declines thereafter, as in the A1 sto-
ryline, but with rapid change in economic structures toward a 
service and information economy, with reductions in material in-
tensity and the introduction of clean and resource-effi cient tech-
nologies. The emphasis is on global solutions to economic, social, 
and environmental sustainability, including improved equity, but 
without additional climate initiatives. 
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  •  B2: a world in which the emphasis is on local solutions to eco-
nomic, social, and environmental sustainability. It is a world with 
continuously increasing global population, at a rate lower than 
A2, intermediate levels of economic development, and less rapid 
and more diverse technological change than in the B1 and A1 sto-
rylines. While the scenario is also oriented toward environmen-
tal protection and social equity, it focuses on local and regional 
levels.  

 The TAR ran these various emissions scenarios through global cli-
mate models to project possible future global temperature changes. As 
of 2015, we’ve so far been on track with the A2 emissions scenario. 10

 Figure 5.4  compares the Scenario A2 global warming projections ver-
sus observed temperatures.  

 From this comparison, we arrive at a similar conclusion to that when 
we looked at the IPCC FAR projections. Up until the mid-20th century, 
most of the global surface temperature change was dictated by natural 
effects. Starting in the mid-20th century, human emissions became the 
dominant factor dictating the global temperature trend. 

 The IPCC TAR Scenario A2 projection is very close to the observed 
temperature change. Since 1990, the measured global surface tempera-
ture trend is 0.17°C per decade, while the IPCC TAR projected 0.16°C 

  Figure 5.4  IPCC TAR “Best Estimate” Scenario A2 Model Temperature Projections 
versus Observed Temperature 
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per decade. The observations are also well within the envelope of all 
individual global climate model simulation runs. 

 It’s important to note that if the observed temperatures don’t pre-
cisely match the average of the model simulations, that doesn’t make 
the models “wrong.” The fi gures in this book depicting the IPCC pro-
jections only show the average of many individual model simulations, 
but each of those model runs represents a path that the climate could 
take. Hence, if the measured temperatures fall inside the “envelope” of 
individual model simulations, then the climate is behaving within the 
range of climate model expectations. 

 If we remain on track with the SRES A2 emissions scenario, the TAR 
projects that the average global surface temperature in 2100 will be 
approximately 4°C (7°F) above preindustrial levels, an exceptionally 
dangerous amount of global warming. The average effective equi-
librium climate sensitivity of the climate models used in the IPCC 
TAR was 2.8°C (5°F) for doubled atmospheric carbon dioxide. Thus, 
the comparison between observations and the IPCC TAR-projected 
warming provides yet another piece to the long list of evidence that 
real-world equilibrium climate sensitivity is approximately 3°C (5.4°F) 
for doubled carbon dioxide.  

  2007 

 The IPCC followed up the FAR, SAR, and TAR with its Fourth As-
sessment Report (AR4), published in 2007. In its Working Group I (the 
physical basis) report, 11  Chapter 8 was devoted to climate models and 
their evaluation, and the report’s Frequently Asked Questions dis-
cussed the reliability of models in projecting future climate changes. 
Among the reasons it cited that we can be confident in model projec-
tions is their ability to model past climate changes in a process known 
as “hindcasting.” Hindcasting involves using models to simulate 
past climate changes and seeing how well their output matches the 
observational data. 

  Models have been used to simulate ancient climates, such as the 
warm mid-Holocene of 6,000 years ago or the last glacial maximum 
of 21,000 years ago.  

 Global average surface temperatures during the last glacial maxi-
mum (ice age) were about 5°C (9°F) colder than today. It’s worth not-
ing that the average global temperature change from the peak of an ice 
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age to the current warm period, which took many thousands of years, 
is similar to the amount of warming humans are on track to cause by 
2100 if we continue on our current path. That’s a bit of a scary thought. 

 The IPCC AR4 used the same SRES emissions scenarios as the TAR 
to project future temperature changes. As previously noted, we’re cur-
rently on track with Scenario A2 emissions.  Figure 5.5  compares the 
multi-model average for Scenario A2 to the observed average global 
surface temperature.  

 The global warming trend since 2000 is 0.18°C (0.32°F) per decade 
for the IPCC model average versus the observed 0.10°C (0.18°F) per 
decade during that time. The data falls within the model envelope 
and uncertainty range, but the observed trend over the past decade 
is lower than the average projection because we’re considering such 
a short period of time. During that time, natural factors have acted to 
slow human-caused global warming, such as declining solar activity 
and an abundance of La Niña events in the Pacifi c Ocean. 12  

 The IPCC AR4 was published only a few years ago, and thus, it’s 
diffi cult to evaluate the accuracy of its projections at this point. We will 
have to wait another decade or so to determine whether the models in 
the AR4 projected the ensuing global warming as accurately as those 
in the FAR, SAR, and TAR. 

  Figure 5.5  IPCC AR4 “Best Estimate” Scenario A2 Model Temperature Projections 
since 1990 versus Observed Temperature 
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 Section 10.5.2 of the AR4 physical science report discusses the sen-
sitivity of climate models to increasing atmospheric carbon dioxide 
and notes that the average climate sensitivity of the models used in 
the IPCC AR4 is 3.26°C (5.87°F) for a doubling of atmospheric carbon 
dioxide.  

  2009 

 In 2009, Syun-Ichi Akasofu, a geophysicist and director of the Interna-
tional Arctic Research Center at the University of Alaska-Fairbanks, 
released a paper arguing that the recent global warming is due to two 
factors: a “natural recovery” from the Little Ice Age (LIA) and “the 
multi-decadal oscillation” (which essentially refers to ocean cycles). 13  
The LIA was a period of naturally declining global temperatures be-
tween the 16th and 19th centuries. 

 Akasofu argued that the current global warming trend, which he 
estimates at approximately 0.5°C (0.9°F) per century, actually began in 
the early 1800s and that 

  this trend (0.5°C/100 years) should be subtracted from the tempera-
ture data during the last 100 years when estimating the manmade 
contribution to the present global warming trend. As a result, there 
is a possibility that only a small fraction of the present warming 
trend is attributable to the greenhouse effect resulting from human 
activities.  

 Akasofu also claimed that the multi-decadal oscillation can explain 
some of the warming over the past 35 years: 

  This particular natural change had a positive rate of change of about 
0.15°C/10 years from about 1975 (positive from 1910 to 1940, nega-
tive from 1940 to 1975), and is thought by the IPCC to be a sure sign 
of the greenhouse effect of CO2. However, the positive trend from 
1975 has stopped after 2000. One possibility of the halting is that 
after reaching a peak in 2000, the multi-decadal oscillation has begun 
to overwhelm the linear increase, causing the IPCC prediction to fail 
as early as the first decade of the 21st century.  

 Akasofu’s hypothesis is essentially that there is a linear global 
warming trend caused by “recovery from the LIA,” with natural cli-
mate oscillations superimposed upon it. In order for this to be a physi-
cally sound argument, Akasofu must explain the physical mechanism 
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behind the LIA recovery and why this 0.5°C global warming trend 
continues to persist. What is the underlying cause? 

 One would expect a geophysicist like Akasofu to examine this ques-
tion. After all, physics is all about fi guring out what causes the physi-
cal world to behave the way it does. Unfortunately, nowhere in the 55 
pages of his paper did Akasofu examine the physical cause of his pur-
ported 0.5°C per century warming trend since 1825. Most of the paper 
was spent looking at various regional temperature measurements, as 
well as data from ice cores, to show that the purported warming trend 
exists. 

 In a version of the paper published by an obscure journal in 2010, 14  
Akasofu devoted a section to a discussion about galactic cosmic rays 
(high-energy particles from space which have a hypothesized, but 
unproven, and likely very small effect on the Earth’s climate 15 ), but did 
not attempt to quantify their effect. In fact, he began this section of his 
2011 paper by stating: 

  It is not the purpose of this section to discuss any major causes of 
climate change.  

 Instead, it appears that Akasofu assumed that the planet will naturally 
revert back to its previous state after a significant climate change as in 
the LIA. However, research by climate scientists has determined that 
the planet doesn’t behave in the manner Akasofu suggests, simply “re-
covering” to some average natural state without some external force 
causing it to change. A paper published in the journal  Climatic Change  
in 2011 concluded: 16  

  Temperature time series are not mean reverting. There is no evidence 
to support the idea that the observed rise in global temperatures are 
a natural fluctuation which will reverse in the near future.  

 Not only did Akasofu fail to examine the physical causes of the 
warming since the LIA, but he also failed to consider the possibility 
that a number of different factors are at play. For example, as discussed 
earlier in this book, increased solar activity, ocean cycles, and low vol-
canic activity contributed to the early 20th-century warming, but these 
natural factors have not contributed signifi cantly to the warming since 
the mid-20th century. It is a logical failure to assume that a warming 
trend over nearly two centuries must have the same physical cause 
throughout the 200 years, and this argument is contradicted by the 
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observational data (e.g., increasing solar activity in the early 1900s, but 
a slight decrease since mid-century). 

 A further failure of Akasofu’s analysis is that while the linear warm-
ing trend over the past two centuries is approximately 0.5°C per cen-
tury, nearly all of that warming has occurred over the past 100 years. 
In fact, most of the warming has happened over the past 40 years. 
Akasofu also failed to justify his assumption of a linear warming 
trend over the past two centuries. A slight warming in the 1800s, fol-
lowed by faster warming in the early 1900s, followed by even faster 
warming over the past few decades—sounds rather like an accelerat-
ing trend, doesn’t it? If you’re going to fi t a certain trend to the data, 
you fi rst need a physical justifi cation. What’s the cause? Akasofu 
does not provide this justifi cation, and without a physical reason, the 
choice of statistical trend fi ts is essentially arbitrary. Thus, Akasofu’s 
entire premise is faulty on many different levels: physical, logical, and 
statistical. 

 Akasofu did discuss the cause of some of the variations in global 
temperature, with what he refers to as “the multi-decadal oscillation.” 
The Pacifi c Decadal Oscillation, which consists in part of El Niño and 
La Niña cycles, is a primary component of these multi-decadal oscilla-
tions. These oscillations represent oceanic cycles that move heat from 
the oceans to air, and vice versa. However, these cycles just move heat 
around; they don’t create it or store it. Thus, while they can cause sig-
nifi cant short-term global surface temperature changes, they don’t 
cause long-term global warming trends. 17  That’s why they’re called 
“oscillations” and represent the wiggles in Akasofu’s model. 

 The only explanation for the long-term global warming provided 
by Akasofu is this unphysical concept of a recovery from the LIA. 
However, as discussed earlier, the Earth’s climate doesn’t just magi-
cally “recover” after a temperature change. Something has to force 
it to change, and Akasofu provided no physical explanation for his 
recovery. 

 Nevertheless, Akasofu did assume that the supposed 0.5°C (0.9°F) 
per century natural recovery will continue through at least 2100. So 
although he doesn’t have a physical explanation behind it, Akasofu 
did predict continued global warming.  Figure 5.6  compares Akaso-
fu’s global temperature model and predictions to the observed data 
since 2000.  

 As you can see, Akasofu predicted a very slight cooling (approxi-
mately 0.055°C, or 0.10°F) since 2000. Measurements show the Earth’s 
surface warmed approximately 0.15°C (0.27°F) over that period, 
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despite natural infl uences acting to slow human-caused global warm-
ing over the past 15 years. Akasofu’s prediction has not been terribly 
inaccurate yet, because it was made relatively recently. 

 However, given the expected atmospheric carbon dioxide increase 
over the 21st century, in order for Akasofu’s predicted 0.5°C (0.9°F) 
per century global warming trend to hold true, the Earth’s climate sen-
sitivity would have to be in the range of 0.5 to 1.5°C (0.9 to 2.7°F) for 
doubled carbon dioxide, depending on how rapidly carbon dioxide 
continues to increase. This is below the range of likely climate sensitiv-
ity values, according to the IPCC and nearly all mainstream climate 
scientists. Thus, Akasofu’s prediction is likely to underestimate future 
global warming. 

 It’s also important to note that as in fellow climate contrarian 
Don Easterbrook’s temperature predictions, Akasofu has completely 
ignored the warming effects of increasing atmospheric carbon dioxide 
in his predictions, assuming that whatever caused the preindustrial 
warming is also causing the current warming. Thus, Akasofu is really 
arguing that the climate sensitivity to carbon dioxide is effectively zero 
and that the observed and projected warming is due to some other 
“natural” effect that he has not identifi ed. This is not a physical argu-
ment; Akasofu implies that extra heating from carbon dioxide (which 
we’ve directly measured with satellites) isn’t causing any warming. 

  Figure 5.6  Akasofu Global Temperature Model and Prediction since 2000 versus 
Observed Temperature 
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For Akasofu to be correct, this heat must somehow magically disap-
pear. So even if his fellow climate change “skeptics” are somehow cor-
rect about low climate sensitivity and Akasofu’s prediction turns out 
to be accurate, it will simply be due to sheer luck. 

 The argument made by Akasofu and other climate change con-
trarians that the Earth is warming only because it’s “recovering from 
the LIA” is simply not a physical argument. Consider the analogy of 
climbing up and then falling down a hill. Akasofu’s argument is akin 
to saying that you fall down the hill because you’re just recovering 
from the increase in elevation from the climb; it makes no sense. You 
fall down the hill due to the force from the Earth’s gravitational pull. 
The Earth’s climate operates in the same way. It changes over the long 
term only when it’s forced to change. 

 However, it is possible that the same external factors that caused the 
planet to cool during the LIA have subsequently caused global warm-
ing. Akasofu did not investigate this possibility, but we can. What 
caused the LIA? 

 Climate scientists believe a number of factors contributed to the 
LIA cooling. A decrease in solar radiation reaching Earth was certainly 
one contributor, as the LIA saw three distinct periods of low solar 
activity called the Spörer Minimum (1460–1550), Maunder Minimum 
(1645–1715), and Dalton Minimum (1790–1830). Solar activity has 
increased on average since the end of the LIA, but has remained fl at 
over the past 50 years. Thus, while the sun was responsible for some of 
the early 20th-century warming, it cannot be responsible for the rapid 
global warming over the past half century. 

 The Earth also experienced heightened volcanic activity through-
out the LIA. 18  Volcanic eruptions release sulfate aerosols into the atmo-
sphere, which, as discussed in earlier chapters, block sunlight and 
cause the planet to cool. However, volcanic activity has also had a 
slight net cooling effect over the past century, particularly since 1950, 
and thus cannot explain the global warming over this period. 

 Another proposed contribution to the LIA cooling is a slowdown 
of the thermohaline circulation of the world’s oceans through an 
introduction of a large amount of freshwater into the North Atlantic 
Ocean, potentially as a result of melting ice from Greenland. The Gulf 
Stream is part of the thermohaline circulation and transports warm 
water from the equator poleward toward Europe. If the North Atlantic 
Ocean becomes diluted with fresh water, this current could potentially 
become slowed or even shut down entirely. Wallace Broecker proposed 
this mechanism as a possible contributor to the LIA cooling. 19  
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 However, since the Greenland Ice Sheet has been shrinking rapidly 
due to the global warming over the past century, and the slowdown 
and potential shutdown of the thermohaline circulation has become a 
concern as a result, quite obviously the ocean conveyor has not had a 
warming effect over the past century. 

 Another interesting proposed cause of the LIA cooling involves 
humans. The Black Death caused a decrease in the human populations 
of Europe, East Asia, and the Middle East during the 14th century and 
a consequent decline in agricultural activity. A similar effect occurred 
in North America after European contact in the 16th century. Climate 
scientist William Ruddiman suggests that reforestation took place as 
a result of this reduced human population and agricultural activity, 
allowing more carbon dioxide uptake from the atmosphere to the bio-
sphere, thus contributing to global cooling due to a decreased green-
house effect during these periods. 20  

 In this case, the exact opposite has indeed happened over the past 
century. The human global population has grown, as have deforesta-
tion and fossil fuel combustion, and thus the amount of carbon diox-
ide in the atmosphere. The resulting increased greenhouse effect has 
unquestionably contributed to global warming. However, I don’t think 
human-caused global warming is what Akasofu had in mind when he 
described a recovery from the LIA. In short, there is simply no basis to 
the LIA recovery argument. 21  

 In May 2013, a brand new peer-reviewed scientifi c journal called 
 Climate  published a paper by Akasofu that recycled his same old 
debunked LIA recovery argument in its very fi rst edition. 22  It’s diffi -
cult to know exactly how this happened, for example, whether one of 
the journal editors was friendly with Akasofu or whether the journal 
simply didn’t fi nd any qualifi ed expert referees to review the paper. 
Whatever the reason, no peer-reviewed climate journal should have 
published Akasofu’s unphysical arguments, especially given that the 
paper was nothing more than a recycling of his previously published 
papers from four years earlier. The publication of this poor paper 
caused a great deal of concern in the new journal’s editorial staff, and 
one editor (Dr. Chris Brierley of the University College London) went 
as far as to immediately resign his editorial position. Brierley explained 
the reason behind his resignation: 

  I do not believe that the paper is of sufficient quality for publication 
and have decided that I do not want to be associated with a jour-
nal with such lapses of judgment . . . the journal does not hold the 
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standards that I feel should be strived for in science, leading to my 
resignation from the editorial board. 23   

 Along with my colleagues John Abraham, Rasmus Benestad, and 
Scott Mandia, I put together a paper critiquing Akasofu’s arguments 
and submitted it to  Climate . In September 2013, the journal published 
our critique, which pointed out all the unphysical fl aws in Akasofu’s 
arguments that I have outlined in this chapter. 24  I applaud the efforts of 
the journal staff to correct the mistake they made in publishing Akaso-
fu’s fl awed paper by quickly publishing our critique of it. 

 Any temperature prediction like Easterbrook’s and Akasofu’s that 
completely ignores the warming effects of carbon dioxide is fundamen-
tally physically incorrect. Akasofu assumed a linear trend of unknown 
cause, an unknown periodic variability, and assumed that these two 
unknown phenomena will continue in the future, while disregarding 
what we know about the physics of the climate system. 

 Akasofu and Easterbrook both effectively threw out the physics 
established by Fourier, Tyndall, and Arrhenius over a century ago.  

  2011 

 A few more climate contrarians have finally begun to step up and 
make global temperature predictions of their own in recent years. In 
2011, a rather obscure journal called the  Bentham Open Atmospheric Sci-
ence Journal  published a paper by contrarians Craig Loehle and Nicola 
Scafetta. 25  Loehle is principal scientist at the National Council for Air 
and Stream Improvement, and his degrees are in forest science and 
range management. Scafetta is a research scientist in the Duke Uni-
versity physics department, where he mainly researches solar activity. 

 In their paper, Loehle and Scafetta attempted to model the global 
climate with a very simple formula consisting of three components: 
a 20-year natural cycle, a 60-year natural cycle, and a linear warm-
ing trend. In their paper, they tweaked the parameters in their simple 
model to match the observational global temperature data over the 
past 150 years and then used the best fi t parameters to predict how 
global temperatures will change in the future. 

 Loehle and Scafetta were able to make their model fi t the global 
temperature data fairly well from about 1850 to 1950. This isn’t terribly 
surprising; as previously discussed, the human contribution to global 
warming didn’t really start to kick in until the mid-20th century. After 
fi tting their model to the 1850–1950 temperature data, Loehle and 
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Scafetta added in a second linear warming trend from 1950 to 2010, 
representing human infl uences on the climate. 

 There are a number of major fl aws in the approach taken by Loehle 
and Scafetta in this paper. First, they did not place any physical con-
straints on the parameters in their model. For example, we know the 
energy imbalance caused by a doubling of atmospheric carbon diox-
ide is between 3.3 and 4.1 Watts per square meter, so a model should 
allow values for this parameter only within that range. A model that 
uses 10 Watts per square meter for this energy imbalance, for example, 
would not be physically realistic and thus would not accurately simu-
late the real world. It’s critical to constrain physical parameters to a 
realistic range in order to accurately simulate the real world. Loehle 
and Scafetta did not do this. 

 Loehle and Scafetta also suggested that the 60-year cycle in their 
models was associated with astronomical cycles (they did not attempt 
to explain the source of their 20-year cycles): 

  The solar system oscillates with a 60-year cycle due to the Jupiter/
Saturn three-synodic cycle and to a Jupiter/Saturn beat tidal cycle.  

 The first obvious question to ask here is, why should cycles associ-
ated with Jupiter and Saturn impact the Earth’s climate? There’s no 
reason to believe they should. In fact, blaming Earth’s climate changes 
on astronomical cycles treads closer to astrology than science, which 
is why some people have begun to describe this sort of argument as 
“climastrology.” If there is no physical mechanism by which the pro-
posed effects can influence the Earth’s climate, then there is no way to 
come up with realistic physical constraints on the climastrology model 
parameters. 

 This explains why Loehle and Scafetta allowed their parameters to 
vary freely, but this sort of exercise (fi tting a graph with a model with 
unconstrained parameters) is known as “curve fi tting.” Climate sci-
entist Raymond Pierrehumbert has also referred to it as “cooking a 
graph,” 26  because with enough free parameters, any statistical model 
can be made to fi t any data. As the famous mathematician John von 
Neumann said about this sort of curve fi tting, 

  With four parameters I can fit an elephant, and with five I can make 
him wiggle his trunk. 27   

 Another problem with the Loehle and Scafetta approach is that they 
didn’t explain why we should expect their model to accurately predict 
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future changes. This will be the case only if, assuming their model is 
correct, human-caused global warming continues at the same rate in 
the future as it has for the past few decades. However, if we continue 
on our BAU path, human carbon dioxide emissions and the global 
warming they cause will accelerate. 

 There’s also no reason to believe a model can predict what will hap-
pen in the future if it can’t accurately simulate the past. Loehle and 
Scafetta did not test the accuracy of their model in matching global 
temperature changes prior to 1850, but this is not hard to do. As a mat-
ter of fact, in a previous paper, Loehle himself created a reconstruction 
of global temperatures going back 2,000 years. 28  Another group of sci-
entists led by Anders Moberg created one of the most highly regarded 
temperature reconstruction of the past 2,000 years, 29  which we can also 
use for comparison ( Figure 5.7 ).  

 The Loehle and Scafetta model matches the reconstructed tempera-
ture trends reasonably well back through the LIA, but fails miserably 
to match temperatures more than 500 years ago. Moreover, the 60-year 
cycle in their model matches up extremely poorly with the Moberg 
reconstruction, and even with Loehle’s own reconstruction. 

 Several times between 1500 and 1900, the Loehle and Scafetta model 
is out of phase with both reconstructions, with the peak of the 60-year 
cycle coming at the same time as a trough in temperature. Thus, we see 

  Figure 5.7  The Loehle and Scafetta Model Projected Back in Time Compared to 
the Loehle and Moberg Millennial Temperature Reconstructions 
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that although Loehle and Scafetta have gotten lucky and matched the 
temperature trend a few centuries into the past, the 60-year astronomi-
cal cycle that forms the basis of their paper is nowhere to be found in 
the temperature data. 

 There’s yet another problem in this paper. Loehle and Scafetta 
describe the linear warming trend in their model from 1850 to 1950: 

  The linear trend would approximately extrapolate a natural warm-
ing trend due to solar and volcano effects that is known to have oc-
curred since the Little Ice Age.  

 The problem here is that in order to create a linear warming trend, the 
energy imbalance caused by these effects must be roughly constant 
during the whole period in question. However, Loehle and Scafetta’s 
model applies this natural linear warming trend not only from 1850 to 
1950 but also to 2010, and in their future global warming predictions. 
In short, for their model and future predictions to be correct, solar and 
volcanic effects must have an ever-increasing warming effect from 
1850 to 2100 (when their global warming prediction ends). 

 However, as previously noted, solar activity hasn’t increased over 
the past six decades, and volcanic eruptions have had a cooling effect 
over that period. Thus, by assuming that these two effects would cause 
a linear warming trend during a period when we know they actually 
had a slight cooling effect on global temperatures, Loehle and Scafetta 
have badly underestimated the human-caused global warming effect. 
Since there’s no reason to assume solar and volcanic effects will cause 
constant warming over the next century, this undermines their future 
global temperature predictions even further. 

 Since Loehle and Scafetta just published their paper a few years ago, 
we can’t yet evaluate the accuracy of their future predictions, which call 
for a global surface warming of 0.6°C (1.1°F) between 2000 and 2100. 
However, we know that because their model has no physical basis and 
does not accurately reproduce past temperature changes, there is no 
reason to put any faith in its future temperature predictions. We also 
know that they have underestimated the human-caused global surface 
warming over the past century and thus will underestimate the global 
warming over the next century as well. 

 The curve fi tting mistake made by Loehle and Scafetta is a common 
one and can also be described as confusing correlation with causation. 
It occurs when an individual sees that two sets of data that appear to 
have similar changes (correlations) and stretches and manipulates one 
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parameter until it matches the other. Then, once he has made them 
match, he declares that the fi rst parameter is causing the changes in 
the second. For example, swimsuits have gotten smaller over the past 
century as the planet has warmed. I can make the swimsuit size data 
match the global temperature data, but that doesn’t mean the Earth is 
warming because we’re using less fabric to make swimsuits. 

 My colleagues and I came upon another example of this style of 
curve fi tting in a paper by the University of Waterloo’s Qing-Bin Lu, 
published in a physics journal in 2013. 30  The paper tried to argue that 
global warming was being caused not by human carbon dioxide emis-
sions, but rather by our chlorofl uorocarbon (CFC) emissions. CFCs are 
the chemicals that caused ozone depletion and the hole in the ozone 
layer, and whose use we began to phase out in the early 1990s after 
the international Montreal Protocol agreement was signed in order 
to address the environmental and health threats posed by ozone 
depletion. 

 Lu observed that recent average global surface temperature data 
seemed to correlate more closely with changes in human CFC emis-
sions than with carbon dioxide emissions. That apparent correlation 
turns out to be due in large part to a cool bias in the global surface tem-
perature record, which will be discussed in chapter 6 of this book. In 
any case, scientists have measured the global energy imbalance caused 
by carbon dioxide and CFCs (which are also greenhouse gases), and 
the imbalance caused by carbon dioxide is much larger because there’s 
much more of it in the atmosphere. That’s a diffi cult fact to get around 
when trying to blame global warming on CFCs instead of carbon 
dioxide. 

 Lu tried to bypass this roadblock to his hypothesis by going back 
to the same mistake made by Knut Ångström over a century ago, dis-
cussed earlier in this book, in which Ångström argued that the green-
house effect from carbon dioxide has become saturated. Unfortunately, 
that hypothesis has been disproved for many decades and continues 
to be disproved by measurements of incoming and outgoing radia-
tion on Earth. Nevertheless, Lu used this incorrect and long-disproved 
argument to disregard the warming effects of carbon dioxide. Lu then 
engaged in a curve fi tting exercise, stretching the CFC emissions data 
curve until it matched the global surface temperature data curve, lead-
ing him to incorrectly conclude that changes in CFCs were the actual 
cause of global warming. 

 The paper contained yet another fundamental fl aw. If the global 
energy imbalance were truly decreasing due to a decrease in human 
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CFC emissions, then the amount of heat trapped on Earth should be 
decreasing. The warming of global surface temperatures represents 
only a small percentage of the total heat energy building up on Earth, 
most of which accumulates in the oceans. When we account for all 
of the heat in the entire global climate system, global warming hasn’t 
slowed at all. This fact by itself also disproved Lu’s hypothesis. 

 The paper was published in a fairly obscure physics journal (the 
 International Journal of Modern Physics B ) rather than a climate jour-
nal, suggesting that it likely was not reviewed by any climate experts 
prior to its publication. When a climate-related paper is published in a 
non-climate journal, that’s always a red fl ag that the authors couldn’t 
get it past peer-review by climate experts. Nevertheless, once it was 
published, Lu’s paper received a substantial amount of press coverage. 
The University of Waterloo issued a press release wrongly declaring 
that “Lu’s theory has been confi rmed,” 31  and some science journalism 
organizations essentially just copied that press release, compounding 
the error and spreading it to a wider audience. 32  

 Several of my colleagues at Skeptical Science and I decided that it 
would be worth the effort to submit a response to the journal detail-
ing the fundamental mistakes in the Lu paper, in order to correct the 
record. We discussed the fact that observational data disproves the 
“carbon dioxide is saturated” argument, that the amount of heat build-
ing up in the global climate has not slowed and so Lu’s correlation 
was not even accurate, that Lu also used an outdated and inaccurate 
reconstruction of solar activity to explain the global warming in the 
20th century, and several other mistakes. Like many journals, the  Inter-
national Journal of Modern Physics B  asks the authors to suggest review-
ers when a paper is submitted, and I made sure to only suggest climate 
scientists with relevant expertise. 

 When we received the reviews of our submission, the comments 
were extremely positive. One reviewer wondered why the journal had 
published Lu’s paper to begin with, given its clear fundamental errors, 
and praised our team for taking the time to submit a paper explain-
ing those mistakes. There’s not much glamor in publishing papers that 
merely try to replicate previous studies and point out where they’ve 
gone wrong. Nevertheless, it can sometimes be a worthwhile exercise, 
particularly when a fundamentally fl awed paper has received atten-
tion in the mainstream media, thus misinforming a large number of 
people. 

 The journal published our critique of Lu’s paper in April 2014. 33  
Not surprisingly, our critique received far less media attention than 
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Lu’s original paper, despite the fact that Lu’s paper was fundamen-
tally fl awed and our response was scientifi cally sound. In fact, my own 
article in  The Guardian  was the only media story about our paper. It just 
goes to show that journalists are interested in controversial stories that 
seem to contradict what we know, regardless of the factual accuracy 
of those stories. “Another study shows that carbon dioxide is causing 
global warming” just doesn’t make for a catchy headline.  

 THE “WORST GLOBAL TEMPERATURE 
PREDICTION AWARD” GOES TO . . . 

 By far the worst global temperature prediction I’ve ever encountered 
was made by John McLean, a data analyst and member of the Interna-
tional Climate Science Coalition (ICSC). The ICSC is a group of climate 
change contrarians who attempt to cast doubt on the man-made global 
warming theory and are funded by political think tanks. On March 9, 
2011, McLean made a rather extreme prediction about short-term 
global cooling: 34  

  It is likely that 2011 will be the coolest year since 1956 or even earlier.  

 The reasoning behind McLean’s prediction was similar to Akasofu’s 
multi-decadal oscillation. In 2009, McLean was the lead author on a 
scientific paper along with two other climate change contrarians that 
found that the El Niño Southern Oscillation (ENSO, which consists 
of El Niño and La Niña cycles and is one of the multi-decadal oscil-
lations Akasofu referred to) accounts for a significant percentage of 
the short-term variation in the temperature of the Earth’s lower atmo-
sphere (troposphere) and that there is a roughly seven-month delay 
before changes in ENSO are seen in tropospheric temperatures. 35  

 This was not a terribly Earth-shattering or new fi nding. Several other 
papers have arrived at very similar conclusions about the short-term 
effects of ENSO on surface and atmospheric temperatures. However, 
the McLean paper managed to sneak an incorrect and unsubstantiated 
statement into their conclusions: 

  Overall the results suggest that the Southern Oscillation exercises a 
consistently dominant influence on mean global temperature.  

 This is an untrue statement that was not supported by McLean’s 
 research. What McLean’s paper found was that the short-term wiggles 
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in the temperature of the lower atmosphere could largely be explained 
by changes in ENSO. However, this is not at all the same thing as hav-
ing a dominant influence on the Earth’s temperature. Over periods of a 
few years or decades, changes in ENSO can either dampen or amplify 
the global warming trend, but ultimately it is greenhouse gases that 
have a dominant influence on the long-term global temperature trend, 
which is why the Earth’s average surface temperature has risen 0.8°C 
(1.4°F) over the past century. ENSO causes only short-term wiggles 
around that long-term upward warming trend. El Niño events cause 
global surface temperatures to warm, but that effect is offset when a La 
Niña event happens and causes surface temperatures to cool. 

 But back to McLean’s prediction about 2011 temperatures, why did 
I describe it as “extreme”? Well, according to our best estimates, the 
average global surface temperature has increased about 0.7°C (1.3°F) 
since 1956. In order to match the temperature in 1956 (which hap-
pened to be a relatively cool year), the Earth’s average surface tem-
perature needed to cool 0.84°C (1.5°F) from 2010 to 2011. The largest 
single year-to-year global temperature change on record (over the past 
150 years) is 0.32°C (0.58°F). In order for McLean’s prediction to be cor-
rect, the cooling from 2010 to 2011 would have to be nearly three times 
greater than any previous year-to-year temperature change on record. 

 As the saying goes, a picture is worth a thousand words.  Figure 5.8  
shows just how extreme John McLean’s prediction was.  

 Halfway through 2011, average global surface temperatures were on 
track to be 0.66°C (1.2°F) hotter than McLean had predicted. I encoun-
tered McLean commenting on an article on the Australian website 
 The Conversation , which publishes articles written by academics and 
researchers. I confronted McLean with his prediction and the fact that 
the planet was not on its way to freezing over (which was the only 
way his prediction could turn out to be remotely accurate), to see if 
he would admit his error. On the contrary, McLean stood behind his 
initial prediction. 36  

  Last time I looked 2011 wasn’t over yet. It’s a bit premature of you to 
be crowing about an annual average when the year isn’t complete.  

 Seeing an opportunity to cash in on his false bravado, I offered him 
a wager. If McLean’s prediction were wrong by less than half a degree 
Celsius at the end of 2011, he would win. If it wound up being incor-
rect by a least half a degree Celsius, I would win. Given that the aver-
age global surface temperature has not changed by more than 0.32°C 
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from one year to the next, I thought that giving him a 0.5°C margin of 
error was a generous offer. Alas, McLean did not respond to my wager. 

 Of course, given that McLean’s prediction was on track to be wrong 
by such a large margin, it was a wise decision not to take the bet. He 
turned out to be wrong by a whopping 0.66°C (1.2°F). 

 The failure of McLean’s prediction proves that the unsubstantiated 
conclusion of his paper was wrong. The year 2011 was cooler than 2010 
because the former was infl uenced by a La Niña cycle (which causes 
short-term cooling of surface temperatures), while the latter was infl u-
enced by an El Niño (which causes short-term warming on the Earth’s 
surface). However, the difference between 2010 and 2011 was not gar-
gantuan, as McLean predicted, because man-made global warming 
hasn’t disappeared, and ENSO (and other ocean cycles) aren’t really 
the dominant effect on global temperatures. 

 Given McLean’s dramatic global cooling prediction failure, you 
might expect that his credibility on climate change would take a seri-
ous hit. If a mainstream climate scientist predicted a 0.8°C warming of 
average global surface temperatures over just a one-year time frame, 
you can bet that when that foolhardy and scientifi cally unsupportable 
prediction failed to come to fruition, climate contrarians would make 
sure that scientist’s credibility was irreparably damaged. 

  Figure 5.8   John McLean’s 2011 Global Temperature Prediction versus Observed 
Temperature 
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 On the contrary, in January 2014,  The Age  and  The Sydney Morning 
Herald  (both of which are normally respectable Australian periodicals) 
both published an opinion-editorial penned by John McLean. 37  The edi-
torial was purely an attack on the IPCC with no supporting evidence. 
The credibility of the editorial was based entirely on the credibility of 
McLean, which  The Age  and  The Sydney Morning Herald  established by 
describing McLean as 

  the author of three peer-reviewed papers on climate and an expert 
reviewer for the latest IPCC report. He is also a climate data analyst 
and a member of the International Climate Science Coalition.  

 We saw the quality of McLean’s few peer-reviewed papers; they 
led him to make the worst-ever global temperature prediction. As for 
being an “expert reviewer” for the IPCC report, that requires nothing 
more than requesting to review the report drafts. There are thousands 
of expert reviewers who volunteer to review and make comments on 
the draft IPCC reports. Climate contrarians like McLean often sign up 
to be expert reviewers and make inaccurate comments that are right-
fully disregarded by the IPCC authors. These contrarians thus have no 
meaningful impact on the fi nal report. Nevertheless, they can proceed 
to claim to be IPCC expert reviewers. And of course the ICSC is just 
another climate contrarian group funded by political think tanks, so 
being an ICSC member is far from a sign of credibility. 

 The question is why  The Age  and  The Sydney Morning Herald  would 
publish an op-ed from John McLean to begin with, given the fact that 
his global cooling prediction was such a failure. Once again, it seems 
that climate contrarians can be spectacularly wrong about climate 
change, and somehow the media still treat them as credible experts on 
the subject. 



 6 

 The Continuation 
and Acceleration of 

Global Warming 

 Over the past few years, the most pervasive climate myth has been 
that global warming has “paused” or begun a “hiatus.” In fact, this 
myth has appeared in virtually every climate contrarian mainstream 
media article, and many others seeking to present a “balanced” view 
of the subject (which have instead created false balance as a result). 

 The pause myth is based on the fact that the warming of global sur-
face temperatures has slowed over the past 15 years or so. It’s pos-
sible to carefully select starting and ending points to fi nd a period 
over the past decade when the warming of surface temperatures has 
slowed down. 

 However, as I’ve shown in an animated graphic I created called “The 
Escalator,” 1  it’s possible to fi nd short periods of fl at or cooling surface 
temperatures for 5- to 10-year periods during any decade since 1970. 
This is possible because short-term data is “noisy.” There are many fac-
tors that infl uence short-term global surface temperature changes. For 
example, there’s an 11-year solar cycle, volcanic eruptions, El Niño and 
La Niña events, other ocean cycles, and so forth. 

 Over the long-term, these infl uences all have close to zero effect on 
global surface temperature trends. Cycles, as the name suggests, are 
cyclical. They alternate between cool phases and warm phases, and 
over the long-term, these cancel each other out. Volcanic activity can 
have some longer-term temperature infl uences, if there’s a period of 
relatively high or low volcanic activity, for example. However, particu-
lates released from volcanic eruptions are washed out of the atmosphere 
fairly quickly, within a year or two. Thus over longer time frames, vol-
canic infl uences on global surface temperatures tend to be small, unless 
there’s an extensive period of high or low volcanic activity. 
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 However, it’s possible for all of these infl uences to align in the same 
direction short term and temporarily cause a warm or cool period. For 
example, if the peak of the 11-year solar cycle, a few El Niño events, 
and a period of low volcanic activity all coincide, they would combine 
to cause a short-term warming period. If the opposite occurs with a 
period of low solar activity, more La Niña events, and higher volcanic 
activity, it would result in a short-term cooling period. 

 Over the past 10 to 15 years, we have indeed been in the midst of a 
period of relatively low solar activity and in an ocean cycle with a pre-
ponderance of La Niña events. With Chinese coal power consumption 
growing rapidly, human sulfate aerosol emissions and their associated 
cooling effect have probably grown over the past decade as well, and 
other infl uences like volcanic activity have also had a cooling effect on 
recent global surface temperatures. 

 The past decade has been something of a perfect storm, with all of 
these short-term infl uences on global surface temperatures acting in 
the cooling direction. Despite all these cooling infl uences, global sur-
face temperatures have continued to warm slightly, or remain steady, 
depending on precisely what time frame we look at. This is a powerful 
illustration of the strength of human-caused global warming, that with 
all of these other infl uences acting in the cooling direction, tempera-
tures have stubbornly continued to rise. 

 So how long can we expect the global surface warming slowdown 
to continue? That’s a diffi cult question to answer. Solar activity is 
anticipated to remain relatively low in the coming decades. However, 
China is beginning to curb its coal consumption due to twin concerns 
about global warming and the health effects associated with its air 
pollution. 

  THE PAUSE THAT WASN’T 

 In 2013, Kevin Cowtan from the University of York and Robert Way 
of the University of Ottawa, both of whom are also my colleagues at 
Skeptical Science, published an important paper looking at another 
factor that has contributed to the apparent global surface warming 
slowdown. 2  As you might expect, in the Arctic region where there 
aren’t many humans or much infrastructure in place, we don’t have 
very many surface temperature monitoring stations. It also just so hap-
pens that the Arctic is the part of the planet that’s warming fastest. This 
is due to feedbacks that amplify human-caused global warming in the 
Arctic region. 
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 The main cause of this “Arctic amplifi cation” is the loss of ice. 
There’s a lot of ice fl oating on the Arctic Ocean, and ice is highly refl ec-
tive, whereas the dark oceans absorb a lot more sunlight. As the Arctic 
sea ice has declined rapidly (losing about three-quarters of its total 
summer area and volume over the past three decades in what’s been 
called the “Arctic sea ice death spiral”), revealing the dark oceans 
below, the Arctic has become much less refl ective. Thus, as the region 
has warmed and the ice has melted, the Arctic has begun absorbing 
more heat from the sun, causing even further warming. 

 This presents a problem for scientists trying to measure the Earth’s 
average surface temperature. Temperature measurements in the Arctic 
are particularly sparse, but that’s the part of the planet that’s warm-
ing fastest. For these reasons, climate scientists have long been aware 
that our estimates of the rate of warming at the Earth’s surface are 
biased low. Some groups have tried to adjust the data to at least par-
tially address this bias. For example, the scientists at NASA GISS use a 
weighted average between temperature stations, so that they can esti-
mate surface temperatures where there are gaps in the measurements. 
This allows for a more complete global average temperature estimate 
than groups like the UK Met Offi ce, who simply exclude the areas 
where measurements are lacking, thus creating a cool bias by missing 
the rapidly warming Arctic region. 

 In 2013, Cowtan and Way set out to fi nd a better way to address this 
problem. A team of scientists with the Berkeley Earth Surface Temper-
ature (BEST) project had recently used a statistical method known as 
“kriging” to interpolate between surface temperature measurements 
on land and shown that it was a very effective approach in accurately 
fi lling in the gaps between stations. Cowtan and Way applied this 
approach to both land and ocean surface temperature data, and they 
also tried a second approach, creating a hybrid of surface station and 
satellite measurements. Satellites measuring the temperature of the 
Earth’s atmosphere have better coverage of the Arctic than surface tem-
perature stations, so combining the two into a hybrid data set allowed 
Cowtan and Way to address the gaps in the data and create a second, 
independent global surface temperature data set for comparison. 

 They also used recently updated sea surface temperature (SST) data 
from the UK Met Offi ce, which addressed some previous problems 
with SST data that have not yet been corrected in the data used by the 
NASA GISS team. So Cowtan and Way essentially put together all the 
best data and methodologies from several different scientifi c teams: 
the Met Offi ce SST data, the kriging approach of the BEST team, and 
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the satellite measurements put together by scientists at the University 
of Alabama at Huntsville (who happen to be among the few contrar-
ian climate scientists who doubt humans are the main cause of global 
warming). 

 For the time period of 1997 through 2012, the UK Met Offi ce data set 
had estimated the average global surface warming at 0.046°C (0.083°F) 
per decade, while the NASA GISS team estimated it at 0.080°C (0.14°F) 
per decade. That’s a big difference, but as it turns out, both underes-
timated the actual warming. The new Cowtan and Way kriging and 
hybrid data sets estimated the global surface warming trend from 1997 
to 2012 at 0.11 and 012°C (0.20 and 0.22°F) per decade, respectively. 
Overall, they found that the kriging method worked best to estimate 
temperatures over the oceans, while the hybrid method worked best 
over land and most importantly sea ice, which accounts for much of 
the unobserved region in the Arctic. 

 Nevertheless, both methods arrived at very similar results, estimat-
ing the actual global surface warming trend during that 16-year period 
at more than double the estimate of the widely used UK Met Offi ce 
data set. The clever and well-executed approach of Cowtan and Way 
immediately received praise from many scientists with expertise in 
global temperature methods and relevant statistics, including scien-
tists at the Met Offi ce and NASA GISS. 

 It’s worth noting that over the long term, the Cowtan and Way data 
sets are very similar to those of the Met Offi ce and NASA GISS. It’s 
only over the past 15 to 20 years that the Arctic amplifi cation has really 
kicked into gear due to the rapid decline in Arctic sea ice, causing the 
signifi cant short-term underestimate of surface temperatures among 
data sets omitting the Arctic region. Nevertheless, Cowtan and Way 
showed that the so-called global warming pause wasn’t real and that 
the warming of global surface temperatures had slowed only by half 
as much as previously thought, though there was still some detect-
able slowing. Several other recent studies have suggested that while 
decreased solar activity and an increase in aerosol pollution in the 
atmosphere contributed to that slowed surface warming, the oceans 
have also played a big role by absorbing more heat, leaving less to 
warm the atmosphere.  

  GLOBAL WARMING IN THE OCEANS 

 A number of recent research papers have suggested that ocean  cycles 
have played a major role in the recent slowing of global surface 
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warming. In particular, what’s known as the Pacific Decadal Oscilla-
tion (El Niño and La Niña events are part of this cycle) has been fin-
gered as the prime suspect behind the slowed surface warming. 

 The challenge for climate models lies in the fact that at the moment, 
we can’t predict ahead of time how these ocean cycles will behave. Cli-
mate modelers do try to include their infl uences on the global climate 
by including random ocean cycle variations in their models, but being 
unable to predict how these cycles will change in the future makes it 
diffi cult to accurately predict short-term global surface temperature 
changes. 

 A 2013 paper published in the journal  Nature  by Yu Kosaka and 
Shang-Ping Xie from the Scripps Institution of Oceanography 3  tried to 
get around this problem by using a global climate model, but instead 
of letting all the variables roam free, they constrained SST in the El 
Niño region in the tropical east Pacifi c Ocean to match observed his-
torical data. Thus, rather than simply using random ocean cycle fl uc-
tuations, they trained their model to accurately simulate past changes 
in the Pacifi c El Niño cycle. 

 The resulting model run achieved a remarkably accurate simulation 
of past observed surface temperature changes. Despite the fact that the 
scientists constrained SSTs over an area comprising only about 8.2 per-
cent of the whole globe, the simulations were able to accurately repro-
duce global temperature changes. And not only did they accurately 
reproduce the average global surface temperatures, but they also did 
well in simulating regional and even seasonal changes. 

 As it turns out, the global surface warming pause has happened 
only during the winter season in the Northern Hemisphere. This pat-
tern is consistent with the simulations in the Kosaka and Xie model. 
Ocean current circulations that are responsible for heat transport are 
stronger in the winter than in the summer, and thus La Niña events in 
the Pacifi c have more infl uence on global surface temperatures in the 
Northern Hemisphere winter. 

 Perhaps most importantly, the Kosaka and Xie model also accurately 
simulated the slowed global surface warming over the past 15 years. 
As the authors wrote, 

  Our results show that the current hiatus is part of natural climate 
variability, tied specifically to La-Niña-like decadal cooling. . . . For 
the recent decade, the decrease in tropical Pacific sea surface tem-
perature has lowered the global temperature by about 0.15 degrees 
Celsius compared to the 1990s.  
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 In July 2014, a similar paper was published in  Nature Climate Change  
by Risbey, Lewandowsky, Langlais, Monselesan, O’Kane, and Oreskes. 4  
Instead of forcing climate models to match Pacifi c SST observations, 
these scientists made use of a large set of existing simulations from 
18 climate models. They looked at each 15-year period since the 1950s 
and compared how accurately each model simulation had represented 
El Niño and La Niña conditions during those 15 years, using the trends 
in what’s known as the Niño3.4 index. Each individual climate model 
run has a random representation of these natural ocean cycles, so for 
every 15-year period, some of those simulations will have accurately 
represented the actual El Niño conditions just by chance. The authors 
concluded: 

  When the phase of natural variability is taken into account, the 
model 15-year warming trends in CMIP5 projections well estimate 
the observed trends for all 15-year periods over the past half-century.  

 Thus, according to these studies, the majority of the slowed warm-
ing of global surface temperatures is due to ocean cycles, especially in 
the Pacifi c. Similarly, a paper published by Swiss climate scientists in 
August 2014 found that climate models could accurately reproduce 
the slowed surface warming when accounting for the surface tem-
perature bias (quantifi ed by Cowtan and Way), reduced solar activity, 
increased volcanic activity, and recent cooling from ocean cycles. 5  They 
estimated that from 1998 to 2012, ocean cycles caused about 0.06°C 
(0.11°F) global surface cooling, the sun caused 0.04°C (0.07°F), and vol-
canoes caused 0.035°C (0.063°F) cooling. 

 These results are also generally consistent with research led by 
Masahiro Watanabe of the Japanese Atmosphere and Ocean Research 
Institute. Watanabe’s team published a paper in 2013 6  that ran simula-
tions with various global climate models and found that they did not 
often accurately reproduce the recent slowed global surface warming. 

 The global energy imbalance from 2001 to 2010 in the climate mod-
els used by the Watanabe team was somewhat smaller than that in the 
observational data. Yet the climate models also simulated more surface 
warming than has been observed. This suggests that the slowed surface 
warming isn’t primarily a result of a smaller global energy imbalance 
due to factors like increased cooling from human aerosol emissions 
and lowered solar activity. Instead, it suggests that internal variability 
in the Earth’s climate system from factors like ocean cycles is more 
likely to be the main cause of the slowed global surface warming. 
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 Similar to the Kosaka and Xie paper, the Watanabe team found a 
strong correlation between global surface temperatures and SSTs over 
the Pacifi c Ocean. They then applied a simple statistical correction 
using this relationship with SSTs to determine whether internal vari-
ability could explain the slowed global surface warming. 

 The Watanabe team found that indeed it could. The model simu-
lated an enhanced, more effi cient overall heat uptake by the oceans, 
which suggests that the slowed surface warming can be explained by 
internal variability transferring more heat to the deep oceans. This 
is likely a temporary effect, because climate models predict that the 
oceans will actually become less effi cient at absorbing heat over time 
in a warming world. The Watanabe team concluded: 

  Therefore, unless models miss effects of other forcing agents, it is 
likely that this [less efficient ocean heat uptake] process will occur 
and act to accelerate surface warming in coming decades.   

  ACCELERATED DEEP OCEAN WARMING 

 In fact, this expectation of more ocean warming is consistent both with 
the findings of previous climate modeling research and with observa-
tional data. Gerald Meehl of the National Oceanic and Atmospheric 
Administration led modeling research that resulted in papers pub-
lished in 2011 and 2013 on this subject. 7 , 8  In these studies, Meehl and 
his colleagues found that in their model simulations, decade-long pe-
riods of little or no global surface warming were  relatively common. 

 Meehl and his colleagues examined some of these hiatus periods 
and found that in decades where surface temperatures were stagnant, 
more heat than usual was being transferred to the deeper layers of the 
ocean, below 300 meters and particularly below 750 meters deep. The 
study also found that the general pattern of warming and ocean circu-
lation in the model during these hiatus periods is very similar to that 
which occurs over shorter time frames during La Niña events. 

 In short, these studies also suggest that periods during which there 
is a preponderance of La Niña events in the Pacifi c (as has been the 
case over the past decade), more heat will be transferred to the deep 
ocean layers, which will act to slow the warming at the surface. How-
ever, when the Pacifi c cycle switches, the authors anticipate that sur-
face temperatures will rise rapidly. 

 A paper published in 2013 led by Virginie Guemas of the Catalán 
Institute of Climate Science arrived at essentially the same conclusion. 9  
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Similar to the approach taken by Kosaka and Xie, the Guemas team 
compared the short-term predictive ability of climate model simula-
tions with and without information about the previous history of the 
observed ocean cycle changes. The question was whether accounting 
for past natural variability would allow the model to more accurately 
predict short-term future changes. 

 Like Kosaka and Xie, the Guemas study found that the model simu-
lations that used past observed ocean cycle information were able to 
much more accurately forecast the recent slowed SST changes than the 
control run that didn’t include this past ocean cycle data. Similar to the 
conclusions in the Meehl research, Guemas noted: 

  If it is only related to natural variability then the rate of [surface] 
warming will increase soon.  

 The accelerated warming of the oceans isn’t just a result in models 
and theories though; it’s an observational reality. In the early 2000s, 
scientists began deploying a large collection of small, drifting oceanic 
robotic probes called the Argo network. By the end of 2007, the array 
included 3,000 fl oats around the world. Prior to the Argo network, 
ocean temperatures were measured by expendable and mechanical 
bathythermographs. A bathythermograph is an instrument that has 
a temperature sensor and is thrown overboard from ships to record 
pressure and temperature changes as it drops through the water. 

 Until recently, we didn’t have very good estimates of the amount of 
heat absorbed by the deeper oceans, below about 700 meters. In 2012, 
a group of scientists from the National Oceanographic Data Center led 
by Sydney Levitus published a paper estimating the amount of heat 
absorbed by the oceans all the way down to 2,000 meters, and as far 
back as the year 1955. 10  Their study found that the oceans have been 
accumulating a whole lot of heat. 

 Specifi cally, over the past fi ve decades, the oceans have absorbed 
over 100 trillion Joules of energy per second. That’s the equivalent 
energy of more than two Hiroshima atomic bomb detonations per 
second since the 1950s, on average. The rate of ocean heat accumula-
tion also appears to have accelerated. Since the early 1980s, the oceans 
have averaged the equivalent of three Hiroshima atomic bomb deto-
nations per second. Since the late 1990s, we’re up to four detonations 
per second. 

 In early 2012, the scientifi c journal  Physics Letters A  published a 
paper by Douglass and Knox, two climate contrarian professors from 
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the University of Rochester, New York Department of Physics and 
Astronomy. 11  In that paper, they argued that the Earth goes through 
“climate shifts,” meaning that it alternates between periods where it 
absorbs more heat and periods where it absorbs less. 

 There were several problems with the analysis in the paper. What 
caught my attention in particular was that Douglass and Knox claimed 
that since 2002, the climate has gone through one of its “cool shifts” 
and accumulated little heat. They also used this recent data to argue 
that the climate sensitivity to the increased greenhouse effect is low. 
Something was clearly amiss with their argument. For one thing, the 
amount of heat accumulated by the Earth’s climate should be rising 
fairly steadily along with the increasing greenhouse effect. For another, 
the Earth’s climate sensitivity should essentially be a constant number; 
it shouldn’t rise and fall every few years when a new climate shift 
happens. 

 When I looked into their analysis more carefully, I saw that Doug-
lass and Knox had used only ocean heat content data for the upper-
most 700 meters of ocean. This wasn’t surprising, because their paper 
was published just before the Levitus study that made ocean heat data 
to 2,000 meters in depth available to the public. However, Douglass 
and Knox were making claims about the overall global energy imbal-
ance without considering the heat accumulating in the deeper ocean. 

 I decided to submit a comment to  Physics Letters A  along with some 
of my colleagues from Skeptical Science. We performed the same anal-
ysis as Douglass and Knox, but we used the Levitus ocean heat content 
data to a depth of 2,000 meters. One of the world’s foremost oceanog-
raphers, John Church also joined us and provided land, atmosphere, 
and ice warming data he had used in a recent publication that also 
examined the accumulation of heat in the global climate. 

 When we put all the data together, we found that as expected, the 
overall heat building up in the Earth’s climate had not slowed at all. 
In fact, more heat has accumulated over the past 15 years than the pre-
vious 15 years. Our paper was published later in 2012, 12  and its main 
result is shown in  Figure 6.1 .  

 Basically, what has happened is that while the warming of the sur-
face and shallower oceans (to a depth of 700 meters) has slowed since 
1998 (when we experienced one of the strongest El Niño events in the 
past century), the warming of the deep oceans has accelerated. 

 This was investigated further in a 2013 paper published in  Geo-
physical Research Letters  by Balmaseda, Trenberth, and Källén. 13  In 
their study, these scientists used ocean heat content estimates from 
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the European Centre for Medium-Range Weather Forecasts’ Ocean 
Reanalysis  System 4. A “reanalysis” is a climate or weather model 
 simulation of the past that incorporates data from historical observa-
tions. In this case, the data incorporated into the model included ocean 
temperature measurements from bathythermographs and newer 
instruments on Argo buoys, and other types of data like sea level and 
surface temperatures. 

 Once they created their new estimate of ocean temperatures, the 
authors described the ocean warming since 1999 as 

  the most sustained warming trend in this record of [ocean heat con-
tent]. Indeed, recent warming rates of the waters below 700m ap-
pear to be unprecedented. . . . In the last decade, about 30% of the 
warming has occurred below 700 m, contributing significantly to an 
acceleration of the warming trend.  

 This result is similar to the findings of our 2012 paper, in which we 
also found that about 30 percent of the warming over the past decade 
has occurred in the deeper ocean layers. Thus, the observational data 
is consistent with the model-based conclusions from Gerald Meehl’s 
team, suggesting that during hiatus decades, while the warming of 

  Figure 6.1    Land, Atmosphere, and Ice Heating, 0 to 700 Meter Ocean Heat 
Content Increase, 700 to 2,000 Meter Ocean Heat Content Increase 
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surface temperature slows, it’s due to more heat being transferred to 
the deeper oceans. It’s also consistent with the conclusions of the Wata-
nabe team, suggesting that the oceans have recently become more ef-
ficient at transferring heat to the deep layers. The puzzle pieces were 
coming together to paint a consistent picture—global warming hadn’t 
paused; instead more heat was temporarily going into the deeper 
oceans. 

 The study published by the team led by Balmaseda also found 
something curious in the ocean temperature data—the amount of heat 
being transferred to the deeper layers of the ocean since 2000 appears 
unprecedented, with deep ocean warming happening signifi cantly 
faster than at any time in the past six decades. Subsequent research by 
Kevin Trenberth suggested that stronger ocean winds could account 
for this accelerated transfer of heat to the deep oceans. A paper pub-
lished in the journal  Nature Climate Change  in February 2014, led by 
Matthew England from the University of New South Wales, added 
evidence to support Trenberth’s theory. 14  England’s paper found that 
trade winds in the Pacifi c Ocean have strengthened over the past two 
decades, to an unprecedented degree since our records begin (starting 
around the year 1900). 

 This strengthening of trade winds, caused in part by a phase of 
what’s known as the Interdecadal Pacifi c Oscillation (IPO), has caused 
more heat from the surface to be mixed down into deeper ocean layers, 
while bringing cooler waters to the surface. The combination of these 
two processes also acts to cool global surface temperatures. Unprec-
edented trade wind acceleration has caused unprecedented warming 
of the deep oceans since 2000 and also acted to slow the warming at 
the Earth’s surface. 

 However, all signs indicate that this is a temporary change. The 
thing to remember about cycles is that they’re cyclical, and ocean oscil-
lations like the IPO inevitably change phases. In the 1990s, the ocean 
cycles caused less heat to be transferred to the deep oceans and more 
to the shallow oceans and surface. Hence, global surface warming 
actually happened faster than the average global climate model expec-
tation in the 1990s. Since 2000, the ocean cycles have switched, and 
surface warming has happened more slowly than the average model 
expectation. 

 Over the long term, these cycles average out. Hence, climate mod-
els do a good job of predicting long-term global surface temperature 
changes, but they struggle with short-term changes because ocean 
cycles are unpredictable. It’s only a matter of time until the ocean 
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cycles switch again and we enter another period of accelerated global 
surface warming. 

 This is all based on fairly cutting-edge recent scientifi c research. 
While the oceans appear to be the main culprit behind the slowed 
surface warming, other factors have likely played a role as well. For 
example, volcanic activity appears to have been above average over 
the past decade, solar activity is relatively low, and sulfate aerosols 
from Chinese coal power plants have risen. 

 The planet will warm in response to a global energy imbalance, so 
the question is how much of the slowed surface warming is in response 
to these factors decreasing the global energy imbalance, and how much 
is due to more of the warming being shifted to the deep oceans. This is 
still an open question being investigated by climate scientists, though 
it looks like about half of the surface warming slowdown was due to 
more heat being transferred to the oceans and half due to external fac-
tors like the sun and volcanoes. 

 However, humans have continued to increase the greenhouse effect 
by burning more and more fossil fuels. Basic physics tells us that the 
planet must warm in response to the energy imbalance caused by this 
increased greenhouse effect. Global warming simply can’t magically 
stop; we have to reduce our greenhouse gas emissions to stop it. The 
warming at the surface can be temporarily slowed by more heat being 
transferred to the oceans, and by other factors offsetting some of the 
increased greenhouse effect, but these are only temporary changes. 
The only way to permanently slow or stop global warming is to slow 
or stop our greenhouse gas emissions. 

 There is a possibility that the unprecedented strengthening of the 
ocean trade winds and deep ocean heat storage may buy us a little 
time before the worst consequences of climate change strike. Accord-
ing to the study led by Matthew England, the changing phase of the 
IPO can account for only about half of the strengthening of the trade 
winds. Why the trade winds are now so much stronger than they were 
in previous similar IPO phases remains an open question that climate 
scientists continue to investigate. Climate scientist Michael Mann sug-
gested in his book  The Hockey Stick and the Climate Wars  that changes 
in ocean cycles like this one may actually act as a negative feedback, 
dampening global warming. If some as of yet undetermined factor 
is causing ocean winds to become consistently stronger in a warmer 
world, resulting in a transfer of more global warming into the deep 
oceans, this could act to slightly slow the rate at which temperatures 
at the Earth’s surface continue to warm. However, it remains to be 
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seen whether this is an accurate description of what’s happening, or 
whether the strengthening of the trade winds is a purely temporary 
change. In any case, there’s a limit to how strong the trade winds can 
become, and to how much heat they can churn into the deep oceans, so 
it’s unlikely that this effect could continue to signifi cantly slow global 
warming at the Earth’s surface.  

  THE MYTH OF THE PAUSE 

 Unfortunately, the media have struggled to keep up with this recent 
ocean research. Early reports did a good job documenting the warm-
ing of the deep oceans, but climate contrarians have managed to shift 
the focus onto the slowed global surface warming in a flood of opinion 
articles published primarily in politically conservative media outlets. 
Other media outlets began to follow suit, for worry of being perceived 
as biased for ignoring the opinions of “the other side.” As a result, media 
coverage has suffered from false balance, where the minority view of 
climate contrarians is given a disproportionate amount of coverage. 

 Climate contrarians have insisted that the global surface warming 
pause is a problem for climate scientists and their models. They have 
declared that climate models didn’t predict the slowdown ahead of 
time, and therefore climate scientists must not understand how the 
climate works. It’s a classic logical fallacy, essentially arguing “if we 
don’t know everything, we know nothing.” 

 In reality, the long-term surface warming trend is consistent with 
global climate model projections, as illustrated throughout this book. 
In fact it’s the climate contrarians whose predictions have failed. Nev-
ertheless, by cherry-picking the data since the abnormally strong El 
Niño in 1998, the contrarians have successfully shifted much of the 
media climate focus onto the so-called pause. 

 It’s true that climate models don’t do well with projecting short-term 
changes, in large part because we can’t yet predict ocean cycle changes 
ahead of time. But it’s long-term climate changes that are important in 
terms of future climate and future generations. Global climate models 
do a good job in projecting those, because over longer periods of time 
the short-term cycles and noise cancel out, and the immense global 
energy imbalance caused by the increased greenhouse effect is the 
dominant cause of long-term global temperature changes. Climate 
predictions are the opposite of weather predictions; weather changes 
are harder to predict further in the future, but climate changes become 
easier to predict. 



126 Climatology versus Pseudoscience

 It’s actually quite remarkable that global surface temperatures 
have continued to warm in recent years despite all the factors acting 
to cool them. Over the past two decades, solar activity has been low; 
volcanic activity and human coal burning have added aerosol par-
ticulates into the atmosphere that cause cooling by blocking sunlight; 
and the unprecedented trade wind strengthening has churned more 
heat into the oceans, leaving less to warm the atmosphere. Despite all 
these cooling effects, although the rate at which surface temperatures 
have risen has slowed, they have continued to rise. This illustrates 
the strong infl uence of human-caused global warming on surface 
temperatures.  

  THE 2014 IPCC REPORT 

 In 2014, the IPCC released its Fifth Assessment Report (AR5). Unfor-
tunately, a draft version of the report was leaked nearly a year prior 
to the completion of the final report. This leak allowed those with an 
antiscience agenda and a lack of journalistic ethics to put their desired 
spin on the contents of the report ahead of its release. It was a situation 
ripe for climate contrarians to misinform the public, and misinform us 
they did. 

 As a prime example, the leaked draft of the report included a graph 
that compared the projected global surface warming from the climate 
models used in previous IPCC reports to the measured data, much like 
the fi gures presented in this book. However, the draft IPCC AR5 fi gure 
had a serious fl aw. The models and observational data were aligned 
incorrectly, resulting in the false visual impression that surface tem-
peratures had warmed more slowly than all the IPCC climate models 
had projected. 

 This was due to a mistake in a procedure called “baselining.” Global 
average surface temperature data is not graphed in terms of absolute 
temperatures, but rather in temperature “anomalies,” just like the 
graphs in this book. A temperature anomaly is the difference between 
the temperature at a given point and the average temperature during 
a particular reference period. For example, if the average temperature 
for the period 1951–1980 is 14°C (57.2°F) and the temperature in 2012 
is 14.5°C (58.1°F), the temperature anomaly in 2012 is 0.5°C (0.9°F). 
Climate scientists plot temperatures in terms of anomalies because 
what we’re really interested is the rate of change of global warming. 
It’s easier for people to interpret the rate of change from 0 to 0.5°C (0 to 
0.9°F) than from 14 to 14.5°C (57.2 to 58.1°F), for example. 
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 The precise choice of baseline period isn’t important, because it 
doesn’t affect the rate of change. However, if baselining is done incor-
rectly in a graph, it can create a false visual illusion. That’s what hap-
pened in the draft IPCC fi gure. 

 Normally, climate scientists use 30-year periods to baseline global 
surface temperature data, because over that amount of time, short-term 
noise averages out. Thus, using a 30-year baseline gives climate scien-
tists a good reference for comparison of long-term trends. Instead, the 
draft IPCC report fi gure used only a single year (1990) as the baseline 
period. 

 The problem with that decision is that 1990 was an abnormally hot 
year—the hottest ever recorded up to that date in the global surface 
temperature measurements. But in the average of all model simula-
tions, 1990 was just another normal year. Thus, using 1990 as the single 
baseline year for comparison resulted in aligning the temperature data 
low as compared to the model simulations. In effect, the temperature 
measurement data was shifted down compared to the average model 
simulations, and thus, it appeared as though the IPCC climate models 
had overestimated global warming. 

 The climate contrarians immediately jumped on this draft fi gure 
and announced that the IPCC had effectively admitted that its model 
simulations were failures. The story began in climate contrarian blogs 
but eventually seeped into more mainstream politically conservative 
media sources like Fox News. 15  However, climate realists like a blog-
ger and statistician who goes by the pseudonym “Tamino” immedi-
ately recognized and documented the baselining error in the draft 
IPCC fi gure. 16  It was an obvious and easily identifi ed mistake, but one 
that the climate contrarians failed to recognize due to confi rmation 
bias. The draft IPCC fi gure seemed to indicate what they wanted to 
believe—that mainstream climate models were overestimating global 
warming—and thus they didn’t question the validity or accuracy of 
the graph. 

 As you would expect, scientists reviewing the draft report caught 
the error, and the IPCC corrected it before publication of the fi nal 
report. That’s the reason the IPCC report has a review process. The 
incident illustrates why it’s not just unethical, but also generally a bad 
idea to report on draft documents. A draft by defi nition is subject to 
change. 

 This presented a situation where the skepticism of climate contrar-
ians would be tested. Would they acknowledge that they had made a 
mistake in reporting on the erroneous draft fi gure, or would they try 



128 Climatology versus Pseudoscience

to defend their mistake and continue to claim that the IPCC climate 
models were inaccurately overestimating global warming? 

 The IPCC released the draft fi nal report in question on Septem-
ber 30, 2012. Writing for  The Guardian  newspaper the following day, 
I documented the change from the draft to draft fi nal fi gures. 17  In the 
model-data comparison fi gure in the draft fi nal document, the IPCC 
used an appropriate 30-year baseline period (1961–1990). As a result, 
the new fi gure showed that global average surface temperature mea-
surements have fallen within the range of projections made by IPCC 
model simulations, as I have also illustrated in this book. 

 I also discussed how we know the fi nal fi gure is accurate while 
the draft fi gure was not. The trend in the global surface temperature 
changes does not depend on the choice of baseline. Thus, if you doubt 
the accuracy of the visual depiction of global temperature data in a 
graph, the way to check it is to compare the trends. 

 From 1990 through 2012, the measured global surface temperature 
warming trend was about 0.19°C (0.34°F) per decade. In each previous 
report, the IPCC model simulations produced a range of global surface 
temperature trend projections. This is because we can’t know ahead of 
time how the model input variables will behave in the future, for exam-
ple, the internal variability of ocean cycles or the amount of greenhouse 
gases humans will pump into the atmosphere. Thus, climate scientists 
run a large number of individual simulations, each of which repre-
sents one possible path that the climate could follow. These provide 
a range of possible future outcomes, and climate scientists expect the 
real-world climate change to fall somewhere within that range. 

 In each previous IPCC report, the lower end of the average global 
surface warming projected by all of those individual climate model 
simulations was about 0.1°C (0.18°F) per decade. The upper end of the 
range varied between the different reports, being highest in the 1990 
FAR, lowest in the 1995 SAR, and between the two in the 2001 TAR and 
2007 AR4. However, in every case, the measured global surface tem-
perature trend has fallen within those lower and upper range model 
projections. Therefore, regardless of the choice of fi gure baselines, we 
know that the observed global surface warming (0.17°C or 0.31°F per 
decade since 1990) has been consistent with the range of IPCC model 
projections and has been faster than the lower model simulations 
(0.1°C or 0.18°F per decade). 

 An accurately baselined fi gure should refl ect those trends. This 
tells us that the draft IPCC AR5 fi gure that seemed to show the tem-
perature data falling below the range of IPCC model simulations was 
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improperly baselined and visually misleading. The IPCC was cor-
rect to revise the fi gure to use a 30-year baseline and refl ect the fact 
that the measured temperature trends have fallen within the range of 
model-simulated temperature trends. 

 So how do you think climate contrarians reacted to this news? If you 
guessed that they reacted with genuine skepticism and open minded-
ness, acknowledging that they had made a mistake to report on the 
erroneous draft fi gure and that the IPCC was correct to revise it, well, 
then you don’t know climate contrarians very well. 

 The day before my article for  The Guardian , climate contrarian 
blogger Steve McIntyre wrote a blog post of his own on the subject. 18  
McIntyre built up a signifi cant climate contrarian fan base by criticiz-
ing a graph known as “the hockey stick,” fi rst created in 1998–1999 by 
a team of climate scientists led by Michael Mann. 19 , 20  The graph was 
among the fi rst reconstructions of surface temperatures across the 
Northern Hemisphere over the past 1,000–2,000 years and indicated 
that current temperatures are likely the hottest they’ve been during 
that time frame. It became known as the hockey stick because tempera-
tures leading up to the past century were relatively fl at, followed by a 
steep rise over the past 100 years, resembling the shaft and blade of a 
hockey stick. 

 Needless to say, climate contrarians don’t like the message depicted 
by the graph, which indicates that the current global warming is unnat-
urally rapid and heading into uncharted climate territory as compared 
to the past few millennia. McIntyre teamed up with economist Ross 
McKitrick in 2005 to publish a paper disputing the validity of the sta-
tistical methods used in creating the hockey stick. 21  The validity of the 
criticisms leveled by McIntyre and McKitrick has been hotly disputed, 
but it’s become a moot point. Subsequent to the work of Mann and col-
leagues in 1998–1999, there have been dozens of other studies recon-
structing Northern Hemisphere and global surface temperatures over 
the past 1,000–2,000 years. In every case they have found the same 
general hockey stick shape and concluded that current temperatures 
are at or near their hottest levels during that time frame. 

 The most convincing such study was completed by the Past Global 
Changes (PAGES) network of climate scientists in 2013. The PAGES 2k 
consortium consists of scientists from nine regional working groups, 
each of which collects and processes the best paleoclimate (past cli-
mate change) data from its respective region. It’s a clever approach 
because it allows the experts in their local data to contribute to a much 
larger global project. 
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 The PAGES team published a paper in 2013 with contributions from 
78 researchers hailing from 60 separate scientifi c institutions around 
the world. 22  Their analysis combined records from tree rings, pollen, 
corals, lake and marine sediments, ice cores, stalagmites and historical 
documents from 511 locations across seven continental-scale regions 
to reconstruct global surface temperature changes over the past 
2,000 years. Their reconstruction was the most comprehensive to date, 
and their results very closely matched Mann’s original hockey stick. 
Statistical arguments aside, the result of Mann and his colleagues has 
been replicated and vindicated. 

 In any case, McIntyre became a darling of the climate contrarian 
community for attacking their hockey stick nemesis, as Mann docu-
mented in his book  The Hockey Stick and the Climate Wars: Dispatches 
from the Front Lines . 23  As a reward for his statistical critiques, contrar-
ians consider McIntyre some sort of mathematical genius. So you 
would hope that of all climate contrarians, McIntyre would recognize 
the obvious baselining error in the draft IPCC fi gure and acknowledge 
that they were correct to revise it. 

 Alas, McIntyre’s biases instead clouded his judgment. In his blog 
post about the IPCC fi gure, not only did McIntyre fail to recognize the 
baselining adjustment (whereas statistician and climate realist blogger 
Tamino had immediately recognized the baselining error 10 months 
earlier, as soon as the draft fi gure was leaked), but he even implied 
that the IPCC was trying to mislead the public by shifting the data 
upward to create the impression that the model projections were accu-
rate. McIntyre’s perception was the exact opposite of reality. 

 McIntyre was not alone in letting his biases cloud his judgment. Cli-
mate scientist and contrarian Judith Curry from Georgia Tech, who 
had frequently falsely proclaimed that the IPCC climate models had 
been proven inaccurate prior to the release of the AR5 report, simi-
larly refused to acknowledge her mistakes. Rather than analyze the 
trends as I had done, Curry rejected my explanations and referred to 
McIntyre’s blog post, along with a comment made by McKitrick on 
that blog, claiming that in the draft fi gure, “The trend discrepancy was 
quite visible.” 24  

 Unlike me, McKitrick hadn’t actually analyzed the trends numeri-
cally; he simply eyeballed them and decided they looked incompat-
ible. This is a big no-no, as any scientist should know. Scientists don’t 
rely on their senses for a good reason—our senses can easily deceive 
us. That’s what happened with McKitrick. As I showed, the observed 
global surface warming trends have fallen within the range of IPCC 
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model simulations. That was true in both the draft and fi nal versions 
of the graph, with the improper baselining of the former being the only 
signifi cant difference. 

 Nevertheless, rather than analyzing the data or accepting the trends 
that I had provided her, contrarian scientist Judith Curry deferred to 
the gut feelings of McIntyre and McKitrick. Their gut feelings were 
wrong. This is a very good example of the difference between climate 
realists and climate contrarians. The former are the true skeptics, bas-
ing their conclusions on the full body of scientifi c evidence. The lat-
ter simply have a gut feeling that something must be wrong with the 
scientifi c evidence, usually because they don’t like the policy implica-
tions (that we need to take action to wean ourselves off our fossil fuel 
addiction). They then cherry-pick the data to support their gut feel-
ings, rejecting any inconvenient data. 

 It is true that in the relatively short period between 1998 and 2012, 
global surface temperatures warmed more slowly than most (but not 
all) climate model simulations projected. Climate contrarians like 
Judith Curry have focused exclusively on this 15-year period to claim 
that climate models have failed and to sow doubt in the minds of the 
public. However, it’s also true that between 1992 and 2006, surface 
temperatures warmed faster than most climate model simulations. 

 Climate scientists would like to better understand the ocean cycles 
that are a primary factor in these short-term temperature variations, 
in order to be able to predict short-term climate changes. However, 
they make very little difference in terms of long-term climate changes. 
That’s because cycles are cyclical. The faster surface warming from 
1992 to 2006 was offset by the slower surface warming from 1998 to 
2012. The positive and negative cycles cancel out, which is why cli-
mate models did a good job projecting the changes from 1990 to 2012, 
even though they didn’t do very well from 1992 to 2006 or from 1998 
to 2012. 

 It’s also interesting to compare the reactions of climate contrarians 
to the relatively slow 1998–2012 global surface warming to the reac-
tions of mainstream climate scientists (who contrarians would call 
“alarmists”) to the relatively fast 1992–2006 global surface warming. 
For example, a 2007 paper published by a team led by well-known Ger-
man climate scientist Stefan Rahmstorf specifi cally examined the rapid 
global surface warming from 1990 through 2006. 25  They concluded: 

  The global mean surface temperature increase (land and ocean com-
bined) in both the NASA GISS data set and the Hadley Centre/
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Climatic Research Unit data set is 0.33°C for the 16 years since 1990, 
which is in the upper part of the range projected by the IPCC. . . . 
 The first candidate reason is intrinsic variability within the climate system . 
(emphasis added)  

 This reveals a stark contrast between the mind-sets of climate contrar-
ians and mainstream climate scientists. Contrarians by their nature try 
to find something wrong with climate science data and research. Once 
they find a seeming flaw, rather than try to explain or understand 
the science behind it, they blow it out of proportion and declare that 
the whole field of climate science is wrong and that therefore climate 
change is nothing to worry about. 

 On the other hand, when mainstream climate scientists see a climate 
change that doesn’t quite match their expectations, they try to under-
stand and explain what’s going on. Rahmstorf’s team didn’t immedi-
ately assume that because short-term surface warming was happening 
faster than expected, that necessarily meant the models weren’t sensi-
tive enough to the increased greenhouse effect, or that global warming 
was going to be worse than expected. Their immediate reaction was 
that this was probably just short-term noise from natural internal vari-
ability. And they were right.  

  THE POLITICAL IDEOLOGICAL BASIS 
OF CLIMATE CONTRARIANISM 

 Nevertheless, the contrarian focus on the short-term global surface 
warming slowdown has gained a lot of traction in the mainstream 
media. This has mainly been an issue in politically conservative media 
outlets, particularly those owned by Rupert Murdoch like Fox News, 
 The Wall Street Journal, The Australian , and  The Times  in the United 
Kingdom. 

 This goes to show that climate contrarianism stems from political 
rather than scientifi c grounds. It’s not as though journalists at these 
politically conservative media outlets have some particular insight 
into climate science. Rather they approach the subject completely 
backward, beginning with their ideological bias to climate policy solu-
tions. In order to justify their opposition to these policies, contrarians 
seek out scientifi c evidence which seems to contradict the science. If 
there isn’t a problem, then we don’t need to solve it. 

 Climate contrarians then cherry-pick that evidence, generally  taking 
it out of context and misrepresenting it, as they have done with the 
recently slowed global surface warming, and ignore the vast body of 
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evidence that contradicts their predetermined conclusion. In this case, 
they ignore the fact that short-term global surface temperatures were 
warming faster than most climate model projections up to 2006 and 
that when we consider the warming of the entire global climate system 
(including the oceans, which absorb over 90 percent of that warming), 
if anything global warming has accelerated. 

 Unfortunately, the conservative media have placed so much empha-
sis and run so many stories focusing on the surface warming hiatus 
that it has begun to seep into the nonconservative media as well. The 
organization Media Matters for America conducted a study of climate 
change coverage in the American media during the two months lead-
ing up to the publication of the 2014 IPCC AR5 report. 26  The good news 
from the study was that most American media outlets did a good job 
covering the story, particularly CNN, which ran over 30 pieces on the 
IPCC report in a two-month period without succumbing to the temp-
tation of false balance by overrepresenting climate contrarians. 

 In fact, most large American newspapers and news networks did 
a good job accurately representing the mainstream scientifi c consen-
sus on human-caused global warming. The exceptions, not surpris-
ingly, were Fox News and  The Wall Street Journal , which interviewed 
and quoted climate contrarians in most of their stories about the IPCC 
report. 

 However, the politically conservative media outlets had success-
fully managed to draw attention to the recent slowed global surface 
warming. As a result, although it wasn’t discussed in most television 
news stories (with the exception of Fox News, CBS, and a few times 
by CNN), all print media outlets discussed the hiatus in a signifi cant 
percentage of their IPCC stories. In addition to  The Wall Street Journal , 
the  LA Times , the  New York Times , and the  Washington Post  all discussed 
the surface warming slowdown in at least half of their stories about 
the IPCC report. This in turn can be attributed in large part to the IPCC 
itself, which felt enough pressure that it discussed the subject in its 
Summary for Policymakers. The IPCC said: 

  The long-term climate model simulations show a trend in 
global-mean surface temperature from 1951 to 2012 that agrees with 
the observed trend (very high confidence). There are, however, dif-
ferences between simulated and observed trends over periods as 
short as 10 to 15 years (e.g., 1998 to 2012). 27   

 This was a difficult decision for the IPCC, due in large part to the 
leaked flawed draft figure comparing the global surface warming 
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measurements and climate model projections. Climate contrarians 
were focusing almost exclusively on the short-term slowed global sur-
face warming, and the IPCC thus felt they needed to address it, which 
in turn caused more mainstream media news outlets to cover the issue. 

 This is always a challenge for climate communicators and myth 
debunkers. When explaining or debunking a myth or piece of climate 
science misinformation, in the process you also draw more attention to 
it. If not done carefully, debunking a myth can actually act to reinforce 
the piece of misinformation in the public mind. 

 John Cook and Stephan Lewandowsky wrote  The Debunking Hand-
book  that addresses how to avoid various pitfalls during myth debunk-
ing, such as the familiarity backfi re effect. This happens when the myth 
must be repeated in order to debunk it, but this may cause the audience 
to remember the myth more vividly. The familiarity backfi re effect can 
be avoided by either avoiding repetition of the myth (which can be a 
challenge when trying to debunk it) or sandwiching it between facts. 
However, headlines about a global warming hiatus or pause will draw 
in a large audience, and thus, most mainstream media stories about 
the subject suffer from the familiarity backfi re effect, especially since 
many people don’t read past the headline of a story. 

 By focusing so heavily on the short-term noisy data, climate contrar-
ians have successfully triggered a domino effect that has drawn much 
more attention to this minor scientifi c question. Their focus on the 
hiatus caused the IPCC to address it, which led to more mainstream 
media stories about it, whose headlines repeated the myth, which trig-
gered the familiarity backfi re effect, which reinforced the myth in the 
minds of the public. 

 All of this originated from the politically conservative media work-
ing backward to justify their ideological bias to climate solutions. 
Their nearly exclusive focus on the cherry-picked short-term data 
has spread to many other news outlets, causing a wider audience to 
become misinformed in the process. This is the climate misinforma-
tion campaign that mainstream climate scientists and communica-
tors are forced to constantly battle against. Spreading misinformation 
and myths is much easier than successfully debunking those myths 
with scientifi c evidence and facts. If debunking is not done carefully, 
efforts to debunk the myths can actually backfi re and reinforce them 
instead. Another problem is the media fear of being criticized for bias 
if failing to represent “both sides” in a given story. Sometimes, particu-
larly when it comes to science, two sides of an issue don’t have equal 
validity. 
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 For example, when running stories about the adverse health effects 
of smoking, it’s no longer considered necessary or even good journal-
ism to interview someone representing the side that denies the health 
effects of smoking. That position has come to be viewed as wrong 
because it’s not supported by scientifi c evidence. However, climate 
scientists are just as confi dent in human-caused global warming as 
medical doctors are that smoking causes adverse health effects. In both 
cases, the scientifi c evidence is overwhelming. Yet many media out-
lets feel pressure to “balance” stories that discuss mainstream climate 
science by also interviewing climate contrarians. BBC editor Ehsan 
Masood said in 2013 that their network would continue to interview cli-
mate contrarians for fear of “shutting out dissenting voices.” 28  There’s 
certainly nothing wrong with including “dissenting voices” when it 
comes to debating climate policy and solutions or when discussing 
an unsettled technical climate science detail. However, when discuss-
ing the causes of global warming, including the dissenting voices of 
climate contrarians, as the BBC has done, is no different than inter-
viewing those who would argue that smoking doesn’t have adverse 
health effects or that HIV doesn’t cause AIDS. It’s bad journalism that 
misinforms the audience.  

  IPCC REPORT ON CLIMATE IMPACTS 
AND ADAPTATION 

 In addition to the IPCC Physical Basis report that summarizes our 
understanding of how the climate is changing, the IPCC publishes a 
second report on climate impacts and adaptation and a third report on 
climate change mitigation. The second report, on climate impacts ad-
aptation, was published in late March 2014. The report painted a rather 
bleak picture of our future climate. 

 For example, the report discussed the risks associated with food 
insecurity due to more intense droughts, fl oods, and heat waves in 
a warmer world, especially for poorer countries. This contradicts the 
claims of many climate contrarians who have tried to claim that rising 
carbon dioxide levels are good for crops. It’s true that carbon dioxide 
acts as “plant food” in a greenhouse setting where we can control all 
other factors (temperature, humidity, etc.); the situation outside in the 
global climate is not so simple. There has been some global “greening” 
so far from the rise in carbon dioxide, but other factors also infl uence 
plant growth, and those factors are playing an increasingly large role 
as the planet continues to warm. 
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 For example, the increased frequency and/or intensity of heat waves 
and fl oods and droughts that result from human-caused global warm-
ing tend to be detrimental to plant growth. Up to this point the carbon 
dioxide plant fertilization effect has won out, but research indicates 
that this trend may already be reversing. Technological improvements 
have also allowed us to dramatically increase crop yields, for example, 
through the use of nitrogen-based fertilizers. However, there’s a limit 
to how much food we can produce from a given amount of available 
agricultural land even with improving technology, and now farmers 
also have to battle the aforementioned effects of climate change like 
worse heat waves and more intense droughts. 

 The IPCC report also discussed risks associated with water inse-
curity, due, for example, to shrinking of glaciers that act as key water 
resources for various regions around the world and through changing 
precipitation patterns. As a result of these types of changes, the IPCC 
anticipates that violent confl icts like civil wars will become more com-
mon. Syria is a prime example, with a severe drought in the region 
between 2006 and 2011 amplifi ed by human-caused global warming, 
leading to a collapse of its farms and livestock. 29  The Syrian govern-
ment failed to assist its impacted farmers, creating widespread civil 
unrest, leading to a civil war. 

 The IPCC also projects that the number of people exposed to river 
fl oods will increase as the planet warms over the remainder of the 
century. Sea level rise will cause submergence, fl ooding, and erosion 
of coastal regions and low-lying areas. And ocean acidifi cation poses 
signifi cant risk for marine ecosystems, coral reefs in particular. In fact, 
the general risk of species extinctions rises as the planet warms. More 
climate change means that suitable climates for species shift. The faster 
these climate zones shift, the more species will be unable to track and 
adapt to those changes. The latest IPCC report said: 

  Many species will be unable to track suitable climates under mid- 
and high-range rates of climate change (i.e., RCP4.5, 6.0, and 8.5) 
during the 21st century (medium confidence). Lower rates of change 
(i.e., RCP2.6) will pose fewer problems. 30   

 The IPCC report also estimated that global surface warming of ap-
proximately 2°C (3.6°F) above current temperatures may lead to global 
income losses of 0.2 percent to 2.0 percent. However, 

  Losses are more likely than not to be greater, rather than smaller, 
than this range . . . few quantitative estimates have been completed 
for additional warming around 3°C or above. 31   
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 Even in the IPCC’s most aggressive greenhouse gas emissions reduc-
tions scenario, we limit global warming only to around 1°C (1.8°F) 
above current temperatures. In a business-as-usual (BAU) scenario, 
temperatures warm about another 4°C (7.2°F)—yet we have difficultly 
estimating the costs of warming exceeding another 2 to 3°C (3.6 to 
5.4°F). In other words, failing to curb human-caused global warming 
poses major risks to the global economy. 

 Nevertheless, there will be a certain amount of climate change that 
we won’t be able to avoid, and the IPCC report noted that adapta-
tion to those changes is also critically important. The problem is that 
many journalists writing about the IPCC report were either looking 
for a “balanced” approach or trying to downplay the risks posed by 
human-caused climate change. As a result, many stories claimed that 
the IPCC was suggesting we should expend less effort trying to miti-
gate global warming and instead simply try to adapt to it. These sto-
ries were examples of absolutely terrible journalism—just two weeks 
after publishing its report on climate impacts and adaptation, the IPCC 
published its report on climate mitigation. 

 This wasn’t a surprise—the IPCC had publicized this report sched-
ule and has always published separate reports on impacts/adaptation 
and mitigation/response. For example, in 1990, the IPCC FAR pub-
lished reports on  The Scientifi c Assessment of Climate Change, Impacts 
Assessment , and  Response Strategies . Since the TAR in 2001, the second 
report has been on  Impacts, Adaptation and Vulnerability , and the third 
report has been on  Mitigation of Climate Change . For journalists to claim 
that the publication of the second report in 2014 indicated the IPCC was 
now shifting its recommendations away from mitigation toward adap-
tation was grossly incompetent, as was illustrated a mere two weeks 
later when the IPCC report on climate mitigation was published. 

 Many other media stories about the IPCC impacts and adaptation 
report focused on Richard Tol, who the IPCC had perhaps unwisely 
made a lead author on one of its chapters. While Tol is a qualifi ed cli-
mate economist, his research is also an outlier, as Tol has published the 
only papers fi nding that modest global warming could result in a sig-
nifi cant net benefi t to the economy (based on large part on the assump-
tion that crop yields will continue to increase). Tol had also previously 
made strong critical comments about the IPCC in general and is an 
advisor to a UK anti-climate policy advocacy group, the aforemen-
tioned Global Warming Policy Foundation. 

 Tol is also known as a disruptive infl uence, as he showed when 
he attacked our consensus paper. Tufts University economist Frank 
Ackerman also became one of Tol’s targets after he and his colleague 
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Charles Munitz dared publish a paper detailing some fl aws in Tol’s 
climate economics model called FUND. 32  Ackerman and Munitz found 
two potential fl aws in Tol’s model, which they argued: 

  The defects we identified both tend to exaggerate the benefits of cli-
mate change for agriculture.  

 Tol’s FUND is the only major climate economics model concluding 
that a degree or two of global warming could result in a significant net 
benefit to the global economy, in large part because it concludes that 
some climate change could result in higher agricultural productivity. If 
Ackerman and Munitz are right about this flaw in his model, it could 
explain why its results are an outlier. 

 Tol’s response to this critique was aggressive. First, he asked the 
journal to issue a retraction or correction of the critique. Instead, the 
journal editor published a letter on the controversy listing the points 
that Tol alleged Ackerman and Munitz got wrong, the points that Ack-
erman and Munitz agreed to change as a result, and the points where 
the two sides could not resolve their disagreements. 33  

 Unfortunately, Tol didn’t stop there. He also wrote to Ackerman’s 
employer and publishers, accusing him of libel for writing his technical 
critique of FUND. Tol circulated the journal editor’s letter on the con-
troversy, alleging that it proved the article was libelous, which it did 
not. Ackerman and Muniz’s paper had fi rst appeared as a Stockholm 
Environment Institute (SEI) working paper. Tol sent numerous e-mails 
and letters to SEI, to the vice-chancellor of Stockholm University, to the 
Swedish Royal Academy of Arts and Sciences, to the Swedish Minister 
of Environment, and to the Swedish Minister of Education, demand-
ing that SEI withdraw or rewrite the working paper, publish his reply, 
and apologize to him. SEI executive director Johan Kuylenstierna and 
former executive director Johan Rockström ultimately wrote a letter on 
the matter, stating: 34  

  Professor Tol’s repeated, groundless attacks on this article, and on 
SEI for its association with the article, have violated the norms of 
civility and scholarly debate. We urge Professor Tol to stop attack-
ing the motivations and reputations of others, and to return to the 
academic community that accepts disagreement and engages in sub-
stantive debate.  

 Given this behavior and the fact that Tol’s research is an outlier in 
minimizing the economic costs of climate change, many were puzzled 
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when the IPCC selected him as a lead author on one of its chapters. As 
might have been expected, Tol was a disruptive influence, removing 
his name from the report’s Summary for Policymakers and refusing to 
participate in its drafting process. This move became the focus of many 
media stories, which claimed that several IPCC authors were dissatis-
fied with the report, even though Tol was the only author identified 
as being critical of the final product. Controversy sells in the media, 
and many journalists decided to focus on Tol rather than focusing on 
the IPCC report itself. The IPCC probably regretted making Tol a lead 
author on one of its chapters. 

 In any case, the good news is that the IPCC report concluded that 
many climate risks can be reduced if we act to slow global warming 
and thus avoid the worst climate change scenarios. For example, the 
IPCC stated with high confi dence that risks associated with reduced 
agricultural yields, water scarcity, inundation of coastal infrastructure 
from sea level rise, and adverse impacts from heat waves, fl oods, and 
droughts can be reduced by cutting human greenhouse gas emissions. 

 In the end it all boils down to risk management. The stronger our 
efforts to reduce greenhouse gas emissions, the lower the risk of 
extreme climate impacts. The higher our emissions, the bigger cli-
mate changes we’ll face, which also means more expensive adapta-
tion, more species extinctions, more food and water insecurities, more 
income losses, more confl icts, and so forth. As Chris Field, cochair of 
the IPCC report on climate impacts and adaptation, noted, 

  With high levels of warming that result from continued growth in 
greenhouse gas emissions, risks will be challenging to manage, and 
even serious, sustained investments in adaptation will face limits. 35    

  IPCC REPORT ON MITIGATION 

 The IPCC published its report on mitigation just a few weeks after the 
report on impacts and adaptation, as scheduled. The report actually 
included some very good news. Although we’re running out of time, 
if we act now, avoiding the most dangerous levels of global warming 
can be done very cheaply. Specifically, the report concluded: 

  Mitigation scenarios that reach atmospheric concentrations of about 
450ppm CO2eq by 2100 entail losses in global consumption—not 
including benefits of reduced climate change as well as cobene-
fits and adverse side-effects of mitigation . . . [that] correspond to 
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an annualized reduction of consumption growth by 0.04 to 0.14 
 (median: 0.06) percentage points over the century relative to annual-
ized consumption growth in the baseline that is between 1.6% and 
3% per year. 36   

 In other words, the global economy grows at a rate of around 2.3 per-
cent per year, and we can prevent global warming from surpassing the 
2°C (3.6°F) “danger limit” while the global economy continues to grow 
at a rate of about 2.24 percent per year. In fact, the economy may even 
continue to grow faster than that, because the IPCC isn’t accounting 
for the incidental economic benefits of reducing greenhouse gas emis-
sions. For example, the cleaner air and water and associated health 
benefits that come with transitioning away from dirty high-carbon 
energy sources save money. Low carbon energy sources also tend to 
generate more jobs than fossil fuel energy sources. 

 Unfortunately, many media outlets tried to compare the economic 
fi gures in the IPCC adaptation and mitigation reports and incorrectly 
concluded that it’s cheaper to try and adapt to climate change than 
to prevent it. Several newspapers printed comments from Bjorn Lom-
borg, for example, who wrongly claimed in an interview with Rupert 
Murdoch’s  The Australian , 37  

  If we don’t do anything, the damages caused by climate change will 
cost less than 2 per cent of GDP in about 2070. Yet the cost of doing 
something will likely be higher than 6 per cent of GDP, according to 
the IPCC report.  

 In reality, that’s not at all what the IPCC report said. The problem is 
that the second IPCC report estimated the costs of adaptation in terms 
of annual income losses, whereas the third IPCC report estimated 
the costs of preventing global warming by reducing greenhouse gas 
emissions in terms of slowed economic growth. These figures aren’t 
directly comparable—they’re apples and oranges. 

 To sort these numbers out, I spoke with Cambridge University cli-
mate economist Chris Hope, who told me that if the goal is to fi gure 
out the economically optimal amount of global warming mitigation, 
the IPCC reports “don’t take us far down this road.” 38  To do this com-
parison properly, the benefi ts of reduced climate damages and the costs 
of reduced greenhouse gas emissions need to be compared in terms of 
“net present value.” That’s the sort of estimate Integrated Assessment 
Models like Hope’s PAGE were set up to make. 
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 According to Hope’s model, the economically optimal peak atmo-
spheric carbon dioxide concentration is around 450 to 500 ppm, with 
a peak global surface warming of about 2.5 to 3°C (4.5 to 54°F) above 
preindustrial temperatures (about 1.5 to 2°C or 2.7 to 3.6°F warmer 
than present). In his book  The Climate Casino , Yale economist William 
Nordhaus notes that he has arrived at a similar conclusion in his mod-
eling research. 

 To limit global warming to that level would require major efforts 
to reduce greenhouse gas emissions, but as the IPCC report on miti-
gation noted, that would only slow the global economic growth rate 
by a little bit. It would also only slow economic growth as compared 
to a fi ctional world in which global warming and climate change 
have zero impact on the economy. In reality, we should be compar-
ing the costs of climate policies to the costs of letting global warming 
continue to wreak havoc on the climate. According to the economic 
models run by Hope and Nordhaus, the slowed economic growth 
rate from reducing carbon pollution would be more than offset by 
the savings from avoiding climate damages above 2.5 to 3°C global 
warming. 

 Although the IPCC didn’t make this comparison, these economic 
modeling results are consistent with its reports. The IPCC report on 
adaptation was only able to estimate the costs of climate damages for 
an additional 2°C of global warming and noted that beyond that point, 
the costs accelerate to a point where they become very diffi cult to esti-
mate. Nordhaus has similarly noted: 39  

  In reality, estimates of damage functions are virtually non-existent 
for temperature increases above 3°C.  

 Without the modeling tools used by economists like Hope and Nord-
haus, the figures in the two IPCC reports can’t properly be put into an 
apples to apples comparison. That was Lomborg’s first problem. 

 Lomborg’s second problem was in also cherry-picking the year 2070 
to make his economic comparison between the costs of global warm-
ing adaptation and mitigation. Why 2070? By that point, in a BAU sce-
nario the planet probably won’t have warmed much more than 2°C 
compared to current temperatures. The problem with this cherry-pick 
is that the world won’t end in 2070 (hopefully!); in fact, most of today’s 
children will still be alive in 2070. If we continue on that BAU path, 
global warming will continue to accelerate after 2070, past the point 
where economists can’t even accurately estimate its accelerating costs. 
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Lomborg’s cherry-pick completely disregards the welfare of future 
generations. 

 The bottom line is that economists can’t even accurately estimate 
how much climate damages will cost if we fail to take serious steps 
to slow global warming. On the other hand, taking those steps can 
have a negligible impact on global economic growth. It’s important 
to understand that our choices aren’t to either reduce carbon emis-
sions or do nothing. Our options are to either reduce carbon emissions 
or continue with BAU emissions that will cause accelerating climate 
change and damage costs beyond what we can accurately estimate. 
From an economic perspective, and from a risk management perspec-
tive, this should be a no-brainer. As economist Paul Krugman put it, 40  

  So is the climate threat solved? Well, it should be. The science is 
solid; the technology is there; the economics look far more favorable 
than anyone expected. All that stands in the way of saving the planet 
is a combination of ignorance, prejudice and vested interests. What 
could go wrong?  

 It’s an interesting contrast that all the economics experts agree that 
tackling global warming can be relatively cheap, whereas continuing 
on a BAU path will cause climate damages so large that they can’t 
even be properly estimated. Meanwhile the media interview nonex-
perts like Bjorn Lomborg, who assure us that the opposite is true and 
we’d be better off just letting global warming continue unabated. 

 This is another perfect example of the problem with false balance 
in the media. Journalists tend to want to appear “balanced” in their 
reporting and thus look for seemingly credible voices to present “the 
other side.” Lomborg is an author who’s well known for presenting 
this rosy outlook, always downplaying the dangers of climate change 
for the benefi t of journalists seeking false balance. However, he’s not 
an economist, and it seems as though the only reason he has been able 
to become a seemingly credible voice is due to the attention journalists 
have given him. 

 A sort of symbiotic relationship between journalists and contrarians 
has formed. In the age of Fox News, journalists are considered credible 
if they’re “fair and balanced.” Factual accuracy in reporting seems to 
have become a secondary consideration behind the desire for balance. 
Lomborg and several other nonexperts like him provide the media 
with that “balanced” perspective, and the journalists return the favor 
by printing their comments in major news outlets, thereby artifi cially 
boosting their perceived credibility. 
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 While this approach might make sense for an opinion-based subject 
like politics, it doesn’t work for fact- and evidence-based subjects like 
science. When a media outlet runs a story that discusses evolution or 
the health effects of smoking, we don’t expect them to also include 
comments from creationists or people who deny that smoking causes 
cancer. On those subjects we accept that the scientifi c evidence is con-
clusive and there’s no reason to include the opinions of those who 
deny it. 

 Yet many journalists continue to view climate science through a 
political lens. Perhaps this is due to the partisan split on the issue—for 
ideological reasons, those who are politically conservative-minded 
are much more likely to reject the realities of human-caused climate 
change than those who are politically liberal-minded. However, sci-
ence doesn’t have a political bias, and that includes climate science. 
The expert consensus on human-caused global warming is a result of 
the overwhelming scientifi c evidence supporting it and has nothing 
whatsoever to do with politics. That’s just how science works. 

 Likewise, economists support tackling climate change by putting a 
price on carbon emissions, because that’s what the economics research 
indicates is the most economically benefi cial approach. To make the 
contrary argument, journalists are forced to turn to nonexperts like 
Bjorn Lomborg who do the calculations wrong. The numbers simply 
don’t support continuing on a BAU path. Economists can’t even accu-
rately estimate the costs of global warming damages above 3°C (5.4°F), 
and limiting global warming to that level will require major interna-
tional efforts to reduce greenhouse gas emissions. 

 The good news is that those efforts can be made at with very little 
impact to global economic growth. Apparently that news isn’t contro-
versial enough for many journalists, who instead turn to nonexperts 
like Bjorn Lomborg who will give them the material for the story they 
want to write, even though that story isn’t accurate.  

  PRESENT DAY 

 It’s interesting and informative to compare all the global temperature 
predictions we’ve examined to this point, to see which have been the 
most accurate. McLean’s prediction was by far the worst, predicting 
an enormous amount of cooling in 2013 that obviously didn’t happen. 
Not surprisingly, Akasofu, who predicted ongoing global warming, 
has been closest to reality among the climate “skeptics.” However, 
every single contrarian prediction has already underestimated global 
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warming, and almost every mainstream climate science prediction has 
been more accurate (with Kellogg in 1979 the one exception). 

 Considering that they represent a summary of the best climate sci-
ence done to date, it’s also not surprising that the IPCC reports have 
generally produced the most accurate predictions thus far. In addi-
tion, the models with a climate sensitivity of close to 3°C (5.4°F) for a 
doubling of atmospheric carbon dioxide have generally been the most 
accurate. For example, Hansen’s 1988 model, with its sensitivity of 
4.2°C (7.6°F), predicted more warming than has been observed. 

 Despite their consistent inaccuracy, the climate contrarians never 
seem to lose credibility. They’re frequently referenced by the media 
in an attempt to be “fair and balanced,” and as a result, many people 
think there is signifi cant debate among climate scientists regarding 
whether the planet is warming, what’s causing that warming, and 
whether the warming will continue. In reality, it’s only a few fringe 
contrarians who dispute the scientifi c consensus that humans are 
causing dangerous global warming, and these contrarians have a long 
history of making inaccurate claims and predictions. We once again 
return to the sage words of George Santayana: 

  Those who cannot remember the past are condemned to repeat it. 41   

 If we continue to listen to these contrarians despite their history of 
wrong assertions and predictions, we will fail to sufficiently reduce 
our greenhouse gas emissions, and the planet will continue to warm 
at a dangerous rate.  

 ATTEMPTS AT CREDIBILITY THROUGH PAL REVIEW 

 A common refrain among climate contrarians is that the 97 per-
cent expert consensus in the peer-reviewed scientific literature on 
human-caused global warming is a result of “pal review” or “gate-
keeping.” Basically, they argue that mainstream climate scientists run 
all of the big climate science journals, and they’ll publish papers from 
their “pals” and reject papers from climate contrarians. 

 This is really a silly conspiracy theory. There are examples through-
out this book of climate contrarians getting their (scientifi cally poor) 
papers published in scientifi c journals. Contrarians get government 
research grants, they do scientifi c research at government academic 
institutions, and then they publish their results in peer-reviewed jour-
nals. Mainstream climate scientists do the same thing. 
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 What contrarians call “gatekeepers” are journal editors who try to 
make sure that papers submitted to their journals go through a rigor-
ous review by experts in the applicable scientifi c fi eld. Some papers 
aren’t good enough to be published in quality journals—not just con-
trarian papers, but many papers by mainstream climate scientists are 
rejected by journals as well. That’s just how the peer-review process 
works. The top journals reject two-thirds or more of the scientifi c 
papers they receive as submissions. 

 There have been examples of pal review, where a scientist or group 
of scientists fi nd a friendly journal editor who will send their papers 
out to friendly reviewers and thus make it easy for their material to 
get published in that journal. However, in most cases, this pal review 
abuse of the peer-review system comes not from mainstream climate 
scientists, but instead from climate contrarians. The journal  Climate 
Research  was a prime example. 

 During most of the period from 1997 to 2003,  Climate Research  didn’t 
have an editor in chief. Instead, scientists who wanted to publish a 
paper in this journal sent their manuscripts to an associate editor of 
their choice. My colleague John Mashey researched the papers pub-
lished by  Climate Research  during that six-year period. 42  Mashey found 
that one particular associate editor, Chris de Freitas, published 14 sep-
arate papers from a select group of 14 climate contrarians during that 
time. People who are familiar with the climate “debate” will recognize 
the names of many of these contrarian pals. 

   •  Patrick Michaels 
  •  Willie Soon 
  •  Sallie Baliunas 
  •  John Christy 
  •  David Douglass 
  •  Ross McKitrick 
  •  Robert Balling 
  •  Robert Davis (both  Climate Research  author and editor) 
  •  Vincent Gray 
  •  Sherwood Idso 
  •  PJ “Chip” Knappenberger 
  •  Eric Posmentier 
  •  Arthur Robinson 
  •  Gerd-Rainer Weber  

 Patrick Michaels, who now works for the Cato Institute conser-
vative advocacy group, was an author on 7 of the 14 pal-reviewed 
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papers. These accounted for half of his overall peer-reviewed publica-
tions from 1997 to 2003. During this six-year period, 14 of the 24 papers 
accepted by Chris de Freitas for publication in  Climate Research  came 
from this group of 14 climate contrarians. Basically, the contrarians 
had found a friendly journal editor who would make publication of 
their papers (which frequently disputed human-caused global warm-
ing) much easier than submitting their papers to journals with more 
stringent peer-review processes. 

 It all came to a head when  Climate Research  published a fundamen-
tally fl awed paper by Willie Soon and Sallie Baliunas in 2003. 43  Their 
paper reviewed 200 other research papers dealing with climate changes 
over the past 1,000 years and concluded that the global warming and 
climate change we’ve experienced over the past century is nothing 
remarkable. This conclusion was in direct contradiction with all other 
research that reconstructed Northern Hemisphere and global surface 
temperature changes over the past millennium, all of which indicated 
that recent climate changes have been larger than at any time during 
that period and resemble a hockey stick shape. 

 When the Soon and Baliunas paper was published, a number of the 
scientists whose research was used in their paper complained that their 
work had been misrepresented. The paper made several unsupport-
able assumptions, for example, equating dryness with hotness, and 
was subsequently roundly refuted by an article in the American Geo-
physical Union journal  Eos  written by a number of prominent climate 
scientists. 44  Quite simply, the paper never should have been published 
without fi rst undergoing major corrections to address its fundamental 
fl aws. 

 However, the conclusions of the paper were very convenient for cli-
mate contrarians. At the time it was published, Congress was consid-
ering legislation to address climate change. Willie Soon was invited 
by Senator James Inhofe to testify before Congress, and the Soon and 
Baliunas paper was used by congressional Republicans to justify 
opposition to climate legislation. At the time, Senator Inhofe called 
human-caused global warming “the greatest hoax ever perpetrated on 
the American people.” 45  Obviously, the climate bill was voted down 
by Congress. 

 At this time, Hans von Storch had recently been appointed editor in 
chief at  Climate Research  after working at the journal for 10 years. He 
pushed for the journal to at minimum require Soon and Baliunas to 
revise their paper, and to revise the fl awed peer-review process, but to 
no avail. As a result, along with fi ve other editors of  Climate Research , 
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von Storch resigned from the journal, explaining the reason behind his 
resignation. 

  The reason was that I as newly appointed Editor-in-Chief wanted to 
make public that the publication of the Soon & Baliunas article was 
an error, and that the review process at Climate Research would be 
changed in order to avoid similar failures. The review process had 
utterly failed; important questions have not been asked. . . . It was 
not the first time that the process had failed, but it was the most 
severe case. . . . I withdrew also as editor because I learned during 
the conflict that [Climate Research] editors used different scales for 
judging the validity of an article. Some editors considered the prob-
lem of the Soon & Baliunas paper as merely a problem of “opinion”, 
while it was really a problem of severe methodological flaws. Thus, 
I decided that I had to disconnect from that journal, which I had 
served proudly for about 10 years. 46   

 The resignation of such a large fraction of the journal’s editorial 
board was a major scandal in the climate science community. The rep-
utation of  Climate Research  was irreparably damaged (and rightly so), 
and after 2003 the journal published only a few more papers from the 
14 climate contrarian pals. 

 In 2009 during what came to be known as “Climategate,” thousands 
of private e-mails were stolen from climate scientists at the Univer-
sity of East Anglia in the United Kingdom. Among these e-mails were 
complaints among climate scientists that something had to be done 
about the pal review problem at  Climate Research  because it was allow-
ing fundamentally scientifi cally fl awed contrarian papers to be pub-
lished in a peer-reviewed journal. 

 By 2009, most people had forgotten about or had never heard of 
the  Climate Research  pal review scandal. The climate scientists whose 
e-mails were stolen were accused of gatekeeping and trying to pre-
vent contrarian papers from being published. In reality, these scientists 
were simply complaining about a problem that would soon create a 
major scandal at the journal, but by taking their e-mails out of context, 
climate contrarians successfully turned the tables, making themselves 
seem like the victims and eroding public trust in the mainstream cli-
mate science community. 

 Nine separate Climategate investigations were conducted and the 
climate scientists involved were all entirely vindicated, but the damage 
to the public perception of climate science was done. Climate contrar-
ians had managed to turn their own pal review scandal into an erosion 
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of public trust of the climate scientists who were trying to expose the 
scandal at the time. Climate contrarians may not be very good at sci-
ence, but they excel at public relations and misinforming the public. 

 After the pal review well at  Climate Research  dried up, the next strat-
egy for climate contrarians trying to publish fl awed research was to 
fi nd journals that aren’t specifi c to climate science. Physics journals are 
quite often the target of climate contrarian publications. The three stud-
ies for which I’ve published papers critiquing their mistakes have all 
been published in physics journals. The strategy makes sense because 
physics journals often have good reputations, but the editors of those 
journals may have diffi culty identifying climate science experts to give 
the submitted papers a proper expert peer-review. If the papers are 
instead sent out to physicists to review, those physicists will be more 
likely to miss a key fundamental climate science fl aw that a climate 
scientist reviewer would catch. 

 In one example, contrarian climate scientists Roy Spencer and 
Danny Braswell published a paper in 2011 in the journal  Remote Sens-
ing , 47  which is a journal that focuses on the science and application of 
remote sensing technology. Their paper dealt with observations made 
by satellites and was therefore applicable to this journal, but the jour-
nal editors nevertheless may not have known any climate scientists 
who could give the paper a proper expert review. 

 Climate scientist Kevin Trenberth described  Remote Sensing  as “a 
fi ne journal for geographers, but it does not deal with atmospheric and 
climate science.” 48  In fact, one  Remote Sensing  editor, Wolgfang Wagner 
wrote that “the editorial team unintentionally selected three review-
ers who probably share some climate sceptic notions of the authors.” 49  
Wagner resigned as editor of the journal due to its publication of this 
fundamentally fl awed paper. 

 The Spencer and Braswell paper used an overly simple climate 
model and concluded that the climate sensitivity to the increased 
greenhouse effect is very low. However, the paper had some severe 
shortcomings, as described by Kevin Trenberth: 50  

  The basic material in the paper has very basic shortcomings because 
no statistical significance of results, error bars, or uncertainties are 
given either in the figures or discussed in the text. Moreover the de-
scription of the methods in the paper is not sufficient to be able to 
replicate the results.  

 Climate researchers Kevin Trenberth, John Fasullo, and John 
 Abraham published a paper showing that Spencer and Braswell had 
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incorrectly treated factors that are a  response  to warming (feedbacks) 
associated with the El Niño Southern Oscillation as factors that  cause  
global warming (forcings). 51  They concluded that the Spencer and 
Braswell paper was fundamentally fl awed in several ways, including 
using a far-too-simple climate model, not including suffi cient details 
to allow other scientists to replicate their methods and results, and fail-
ing to investigate whether changes associated with the El Niño South-
ern Oscillation were forcings or feedbacks. 

 Another journal recently targeted by climate contrarians is a rather 
obscure Korean journal, the  Asia-Pacifi c Journal of Atmospheric Science . 
In 2009, Richard Lindzen and his colleague Yong-Sang Choi published 
a paper, like Spencer and Braswell’s, claiming the climate sensitivity to 
the increased greenhouse effect is very low. 52  The fundamental fl aws 
in that study were quickly revealed in a paper published by Trenberth 
and Fasullo along with their colleagues O’Dell and Wong, 53  and by 
several other papers. 

 Lindzen himself has even gone as far as to admit the paper con-
tained “some stupid mistakes. . . . It was just embarrassing.” 54  The 
main problem in their analysis involved estimating global climate sen-
sitivity using data from just the tropics. Trenberth and colleagues also 
showed that the low sensitivity result worked only if the start and end 
points of the data analysis were carefully chosen (cherry-picked). Tren-
berth replicated the analysis using different start and end points and 
got a completely different result. 

 Lindzen and Choi subsequently put together a new version of the 
same analysis, attempting to address the critiques of their previous 
paper. They submitted their paper to a respected climate science jour-
nal, but it was rejected. They then submitted it to the  Proceedings of the 
National Academy of Science  ( PNAS ), which allows members (Lindzen is 
a National Academy of Science member) to suggest their own review-
ers. Lindzen suggested a colleague with whom he had previously pub-
lished research, and physicist William Happer, who is a physics expert 
but who has zero climate science expertise or publications and is also 
an outspoken climate contrarian. As a result, the  PNAS  editors also 
sent the paper out to two expert climate reviewers. 

 In the end, all four of the  PNAS  reviewers the—even those chosen 
by Lindzen himself—unanimously agreed that the journal should not 
publish the study because it had not adequately addressed the critiques 
of their 2009 paper. For example, Lindzen and Choi didn’t address the 
point illustrated by Trenberth and colleagues that choosing different 
start and end points completely changed their result. 
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 After this second rejection, Lindzen and Choi continued shopping 
their paper around, fi nally fi nding a journal willing to publish it in the 
 Asia-Pacifi c Journal of Atmospheric Science . A couple of years later, Spen-
cer and Braswell published another paper not dissimilar from their 
2011  Remote Sensing  paper that was heavily criticized and resulted 
in the resignation of editor Wolgfang Wagner. Spencer and Braswell 
again used an excessively simple climate model and concluded that 
climate sensitivity is low. This time their paper was published in the 
same  Asia-Pacifi c Journal of Atmospheric Science  as Lindzen and Choi’s 
fl awed study. 55  

 Lindzen and Spencer share many other similarities. Like Richard 
Lindzen, Roy Spencer has made his ideological biases quite clear. For 
example, he admitted in 2011 “I love FoxNews,” 56  which given the net-
work’s frequent antiscience coverage is a surprising statement for any 
scientist to make. However, Spencer has also published a free-market 
economics book called  Fundanomics: The Free Market, Simplifi ed , and on 
his blog, he has commented: 57  

  I view my job a little like a legislator, supported by the taxpayer, 
to protect the interests of the taxpayer and to minimize the role of 
government.  

 In February 2014, Spencer also launched into a rant on his blog, en-
titled  Time to Push Back against the Global Warming Nazis . 58  In that ex-
tremely offensive post, Spencer wrote: 

  Like the Nazis, they advocate the supreme authority of the state 
(fascism), which in turn supports their scientific research to support 
their cause (in the 1930s, it was superiority of the white race).  

 Clearly Roy Spencer has really made little effort to hide his intense 
ideological biases. Isn’t it interesting how the few contrarian climate 
scientists so often seem to share the same antigovernment ideologies? 
It’s quite the coincidence. 

 As exemplifi ed by the papers recently published by Spencer and 
Lindzen, since they lost their pal review  Climate Research  journal, the 
strategy of choice for climate contrarians with fl awed papers has 
involved submitting those papers to non-climate and often obscure 
journals. That way they can avoid rigorous expert peer-review, but still 
assert that their papers have been published in peer-reviewed jour-
nals. However, in 2013–2014, a group of climate contrarians came up 
with a new clever but short-lived publication strategy. 
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 A few climate contrarians submitted a new journal idea to the 
respected publisher Copernicus Publications, suggesting creating a 
new journal that they would call  Pattern Recognition in Physics . Two 
individuals proposed becoming editors in chief of this new journal. 
One was Nils-Axel Mörner, who is best known for denying that sea 
level is rising and for claiming to be an expert in dowsing (also known 
as divining, which involves fi nding objects like groundwater and gem-
stones underground with a Y- or L-shaped stick). 59  The other was Sid 
Ali Ouadfeul, who works for the Algerian Petroleum Institute and has 
been guilty of self-plagiarism in his papers. 60  Neither has any expertise 
in the fi eld of pattern recognition. 

 The publishers at Copernicus were worried that Mörner and Ouad-
feul would turn their new journal into a global warming–denying 
paper factory as had happened with  Climate Research . Mörner and 
Ouadfeul assured the publishers that their journal would “publish 
articles about patterns recognized in the full spectrum of physical dis-
ciplines rather than to focus on climate-research-related topics.” 61  The 
publishers at Copernicus thus decided to give them a chance with this 
new journal. It wasn’t long before they came to regret that decision. 

 In only its second edition, the new journal published a “special edi-
tion” that was full of papers by authors who are also climate contrar-
ians. Several of the papers disputed human-caused global warming 
and even the very existence of global warming. The journal engaged 
in what Copernicus described as 

  select[ing] the referees on a nepotistic basis, which we regard as mal-
practice in scientific publishing and not in accordance with our pub-
lication ethics we expect to be followed by the editors. 62   

 In essence, the authors reviewed each other’s papers. Many of the 
papers engaged in the same type of “climastrology” as Loehle and 
Scafetta, described earlier in this book. In fact, Scafetta authored and 
probably reviewed several of the papers in the  Pattern Recognition in 
Physics  special edition. It seems that the journal authors and editors in-
terpreted “pattern recognition in physics” to mean finding random as-
trological cycles in the solar system that match climate cycles on Earth 
and then claiming, without any supporting physical evidence, that the 
two are causally related. 

 The publishers at Copernicus did not appreciate the editors of  Pat-
tern Recognition in Physics  reneging on their promise to include a wide 
spectrum of physical disciplines and instead turning the journal into 
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a climate contrarian paper mill. Immediately after the special edi-
tion was published, Copernicus ceased publication of the new jour-
nal. The climate contrarians had come up with a clever idea to start 
their own journal under a respected publisher, but they had blown 
it by making their strategy of publishing climate contrarian papers 
too obvious to miss. Sid Ali Ouadfeul and many of the contributors 
to  Pattern Recognition in Physics  have tried to continue publication 
of the journal on their own, but after Copernicus rightfully dropped 
them, the journal has no remaining credibility. No paper published 
in  Pattern Recognition in Physics  from here on out will be considered 
remotely credible. 

 These various contrarian strategies show that they recognize the 
importance of peer-reviewed publications in establishing credibility. 
Although they represent less than 3 percent of peer-reviewed climate 
publications, when they do publish a paper, contrarians receive a dis-
proportionate amount of media coverage. This is because there are 
thousands of new papers every year concluding that human-caused 
global warming is real and is a problem. It’s old news. 

 On the contrary, controversy sells. When a new paper claims to over-
turn the established science, that makes for a juicy story, and hence, the 
few contrarian papers tend to receive undeserved media attention. In 
their effort to publish a popular story, journalists will often fail to look 
into the history of the publishing authors and hence will often fail to 
recognize that they have repeatedly been proven wrong like Lindzen, 
Spencer, and Scafetta. It’s a problem that the reputations of climate 
contrarians aren’t dependent upon the accuracy of their science. 

 The good news is that some media outlets have begun reversing 
course, moving away from a false balance approach and toward hold-
ing climate contrarians accountable for their lack of scientifi c cred-
ibility. For example, in October 2013,  Los Angeles Times  editor Paul 
Thornton wrote that letters to the editor “that have an untrue basis (for 
example, ones that say there’s no sign humans have caused climate 
change) do not get printed.” 63  This didn’t go over well with climate 
contrarians, so a few days later, Thornton clarifi ed his position. 64  

  As for letters on climate change, we do get plenty from those who 
deny global warming. And to say they “deny” it might be an under-
statement: Many say climate change is a hoax, a scheme by liber-
als to curtail personal freedom . . . scientists have provided ample 
evidence that human activity is indeed linked to climate change. 
Just last month, the Intergovernmental Panel on Climate Change—a 
body made up of the world’s top climate scientists—said it was 95% 
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certain that we fossil-fuel-burning humans are driving global warm-
ing. The debate right now isn’t whether this evidence exists (clearly, 
it does) but what this evidence means for us. 

 Simply put, I do my best to keep errors of fact off the letters page; 
when one does run, a correction is published. Saying “there’s no sign 
humans have caused climate change” is not stating an opinion, it’s 
asserting a factual inaccuracy.  

 A few weeks later, the letters editors of the  Sydney Morning Herald  
issued a similar statement. 65  

  Climate change deniers or sceptics are free to express opinions and 
political views on our page but not to misrepresent facts. This ap-
plies to all our contributors on any subject. On that basis, a letter that 
says, “there is no sign humans have caused climate change” would 
not make the grade for our page.  

 These were signifi cant decisions, because the “Letters to the Edi-
tor” is one of the most frequently read sections of a newspaper. For 
that very reason, some climate contrarian groups like the International 
Climate Science Coalition (of which John McLean is a member, as pre-
viously discussed) have specifi cally targeted the Letters to the Editor 
section of major newspapers with letters that dispute the expert con-
sensus on human-caused global warming. 66  Thus, it’s a good sign that 
several major newspapers are wising up to this strategy and refusing 
to run factually inaccurate letters from climate contrarians who deny 
the scientifi c reality of human-caused global warming. 

 Not surprisingly, these decisions by the  LA Times  and the  Sydney 
Morning Herald  drew heavy criticism from climate contrarian groups 
and conservative media outlets, who accused them of censorship 
and oppressing free speech. These accusations are of course baseless; 
newspapers are free to choose what to print and what not to print on 
their pages. They’re under no obligation to print material that denies 
human-caused global warming, or evolution, or that smoking causes 
lung cancer, or that the Earth revolves around the sun. In fact, the edi-
tors of these two newspapers are correct that printing this sort of fac-
tually inaccurate submission does their readers a disservice and that 
refusing to print misinformation is part of the job of a good letters 
editor. People are free to deny whatever scientifi c realities they like, 
shouting their denial from the rooftops in a public space. That’s free-
dom of speech. But newspapers are under no obligation to print sci-
ence denial on their pages. 



154 Climatology versus Pseudoscience

 Unfortunately, that hasn’t stopped many (mostly politically con-
servative) media outlets from airing the scientifi cally incorrect and 
unsupported opinions of climate contrarians like Richard Lindzen, 
Roy Spencer, and John McLean. The fact that they each have long 
histories of being wrong on climate science doesn’t seem to damage 
their credibility in the eyes of certain media outlets that want to spread 
doubt about human-caused global warming. All it takes is a job title 
as “climate scientist” and a contrarian position on global warming, 
and politically conservative news outlets like Fox News and  The Wall 
Street Journal  will scramble to write a story about the maverick scientist 
who’s bucking the consensus and assures us all that global warming 
is nothing to worry about. The scientifi c accuracy of that contrarian’s 
arguments isn’t considered relevant, as long as he or she feeds those 
biased media outlets the story they want to tell. While conservative 
media outlets are free to print factual inaccuracies and myths from cli-
mate contrarians, they misinform their readers by doing so. 

 The good news is that there are many good media outlets like the  LA 
Times , the  Sydney Morning Herald , and  The Guardian  that will take a sci-
entist’s accuracy and credibility into account and strive not to publish 
factually inaccurate letters, editorials, or stories. The bad news is that 
there are plenty of poor, generally politically conservative media out-
lets that don’t maintain that same high standard. The other problem 
is that a signifi cant number of people (who are generally also politi-
cally conservative) get most of their information from these politically 
conservative media outlets. Thus, the low standard of scientifi c and 
factual accuracy in these media outlets when it comes to the subject 
of climate change is causing a signifi cant fraction of the population to 
become misinformed on this critical subject. 



  7 

 What Does the Future Hold? 

 Since the IPCC projections have thus far been the most accurate, it’s 
worthwhile to examine their projections about we have in store for 
the future. According to the latest IPCC report, if we continue on a 
business-as-usual (BAU) path relying on fossil fuels, we could see 5°C 
(9°F) global surface warming above preindustrial levels by 2100. The 
good news is that if we take serious steps to reduce carbon pollution, 
we can limit global warming to the “danger limit” target of no more 
than 2°C (3.6°F). 

 Determining at exactly what point global warming will become 
very harmful or catastrophic is a diffi cult task. However, the IPCC has 
summarized some of the impacts that climate scientists expect to see 
once the planet warms to certain levels above preindustrial tempera-
tures. Most of the worst consequences are expected to strike once the 
planet has warmed to more than 2°C (3.6°F) above preindustrial lev-
els. Many of these impacts involve a loss of biodiversity as species are 
unable to adapt the quickly changing climate and go extinct. In fact, 
recent research has concluded that there are signs we may be headed 
into a mass extinction event. 1  

 A “mass extinction” event is characterized as a period during which 
at least 75 percent of the Earth’s species die out in a geologically short 
interval of time. In the past 540 million years, only fi ve such mass 
extinction events have occurred. If we continue on our present course, 
we could be headed toward a mass extinction event within a time 
frame of just a few centuries, although, fortunately, there is still time 
to reverse course. 2  

 There is a very long history of discussions between international 
climate scientists in attempting to determine what level of global 
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warming should be considered the danger limit which we should set 
as a target to avoid. 3  As a result of these discussions, 2°C (3.6°F) has 
become the internationally accepted danger limit target. If we con-
tinue on a BAU path, we will surpass the danger limit by the mid-21st 
century. In the best-case scenario we can still prevent the planet from 
warming beyond the danger limit, but only if we take major steps to 
reduce carbon pollution right away. This is strong evidence that we 
need to take action very soon to steer away from our current status 
quo emissions path. 

 So how do we achieve this transition away from our potentially 
catastrophic BAU path? The Australian government established a 
Climate Commission that released a three-chapter report entitled  The 
Critical Decade , in part to help answer this question. 4  The Climate Com-
mission suggested taking a budgetary approach in which humans are 
allowed a certain amount of carbon dioxide emissions over a given 
time frame. Their report suggested that humans should limit our emis-
sions to 1 trillion tons of carbon dioxide between the years 2000 and 
2050, in order to give ourselves a 75 percent chance to stay below the 
danger limit. Similarly, the International Energy Agency (an autono-
mous organization founded in response to the 1973 oil crisis, which 
conducts unbiased energy research and analysis) budgets approxi-
mately 1.2 trillion tons over that period to give us a 50 percent chance 
of staying below the danger limit. 

 A trillion tons may sound like a lot, but currently humans are 
releasing about 30 billion tons of carbon dioxide into the atmosphere 
every year. We’ve already burned through almost half the budget. At 
our current pace, it would take us only another 18 years to bust our 
1 trillion-ton budget, and our emissions pace is currently going in 
the wrong direction. We’re releasing more and more carbon pollution 
into the atmosphere ever year when we need to be cutting back. The 
year 2013 saw record high global carbon pollution emissions levels, at 
37 billion tons. With the rapid development of the Chinese and Indian 
economies, it’s also only going to get more diffi cult to get those emis-
sions moving in the downward direction and get our carbon budget 
balanced by 2050. 

 The reason behind the Climate Commission’s report title is that the 
longer we wait to make serious greenhouse gas emissions cuts, the 
harder it becomes to meet their proposed budget. The Climate Com-
mission wrote: 

  The peaking year for emissions is very important for the rate of 
 reduction thereafter. The decade between now and 2020 is critical. 
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 Targets and timetables are, in principle, less important in the 
budget approach, but the urgency of bending emission trajectories 
downwards this decade implies that more ambitious targets for 
2020 are critical in preventing delays in the transition to a low- or 
no-carbon economy.  

 For example, the Climate Commission concluded that if global green-
house gas emissions had peaked in 2011, the annual emissions reduc-
tion rate would have to be no larger than 3.7 percent. However, if 
global emissions peak in 2020, the maximum emissions reduction rate 
jumps to 9 percent. In short, the longer we wait to reduce emissions, 
the more of our budget we eat through, and the steeper cuts will have 
to become in order to avoid breaking the budget by 2050. As  The Criti-
cal Decade  report concluded, 

  The risks of future climate change—to our economy, society and 
environment—are serious, and grow rapidly with each degree of 
further temperature rise. Minimising these risks requires rapid, 
deep and ongoing reductions to global greenhouse gas emissions. 
We must begin now if we are to decarbonise our economy and move 
to clean energy sources by 2050. This decade is the critical decade.  

 In 2004, Princeton scientists Stephen Pacala and Robert Socolow 
published an infl uential paper in which they examined specifi cally 
how we can reduce greenhouse gas emissions using existing technol-
ogy. 5  They developed the concept of “stabilization wedges,” in which 
each wedge represents a certain amount of greenhouse gas emissions 
reductions. For example, if we replace enough coal power plants with 
wind turbines or solar panels, or build more fuel-effi cient cars and 
drive less, these could each reduce emissions enough to represent one 
wedge. Each wedge represents a massive effort, like building 2 million 
large wind turbines. Pacala and Socolow came up with 15 ideas for 
stabilization wedges and argued that we need to achieve 7 of them by 
2050 (although others have argued we need at least 14 wedges to avoid 
the danger limit). 6  

 In September 2011, Socolow updated his work 7  and found that 
since his 2004 study, human greenhouse gas emissions had acceler-
ated, increasing by nearly 30 percent over just a seven-year period. 
In order to achieve the same goal, Socolow concluded that we now 
must achieve nine of his wedges, rather than the original seven. More-
over, even if we achieve this new goal, the planet will ultimately warm 
roughly 0.4°C (0.7°F) more than it would have if we had started imple-
menting the wedges in 2004, due to the emissions we’ve released in 
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the meantime. 8  In short, Socolow’s fi ndings confi rm the negative con-
sequences of waiting another decade to act. Similarly, the International 
Energy Agency concluded in late 2011 that if there is no major inter-
national climate action by 2017, we will not be able to avoid the 2°C 
(3.6°F) danger limit. 9  

  If stringent new action is not forthcoming by 2017, the energy-related 
infrastructure then in place will generate all the CO2 emissions al-
lowed (. . .) up to 2035, leaving no room for additional power plants, 
factories and other infrastructure unless they are zero-carbon, which 
would be extremely costly.  

 In the United States, the critical decade has nearly became a lost 
decade. In our two-party political system, Republican politicians cur-
rently range between acknowledging that the planet is warming but 
refusing to do anything about it, and claiming that global warming is 
nothing but a massive hoax. Most Democratic Party politicians were 
afraid to even talk about global warming or climate change until just 
recently, but fortunately the tide fi nally seems to be turning, and more 
American politicians are starting to view tackling the threat of global 
warming as a winning political position. 

  CARBON PRICING IS THE KEY SOLUTION 

 The single most important step to solving the climate problem in-
volves putting a price on carbon emissions. Right now across most 
of the United States, industries can release as much carbon pollu-
tion as they want for free. At least, the pollution is free for them. As 
with any kind of pollution, there is an unavoidable cost associated 
with greenhouse gas emissions. Those greenhouse gas pollutants are 
dumped into the atmosphere, which we treat like a giant landfill. They 
get mixed throughout the atmosphere and cause the global climate to 
change. This results in changing weather patterns, causing some types 
of extreme weather to become more intense and occur more frequently. 
Warmer ocean waters are fueling stronger hurricanes, and more pow-
erful droughts, heat waves, and floods are battering farmers. 

 These climate changes have unavoidable costs, but when we don’t 
pay for those costs up front when the pollutants are released, it’s a 
problem known in economics as an “externality.” When a cost associ-
ated with a product isn’t refl ected in its price, consumers are unable 
to make properly informed purchasing decisions, because they don’t 
know the true costs of the product. 
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 For example, let’s say you pay $4 for a gallon of gasoline, but when 
accounting for the costs of climate change like more expensive food 
and increasing damages from hurricanes in the future, the actual cost 
of that gallon of gasoline is $5. That extra dollar of cost is spread around 
the world, paid by the farmers whose crops are damaged, by the peo-
ple who have to pay higher food prices, by the people living near the 
coasts whose homes are fl ooded by higher hurricane storm surges, and 
so on. Somebody ultimately has to pay those costs, but you don’t real-
ize that when you fi ll up your gas tank, because the price of gasoline 
is artifi cially low. Hence, you’re less likely to buy a fuel-effi cient car, 
because gasoline prices seem cheap. 

 Economists hate externalities like this. If the market price of a prod-
uct doesn’t refl ect its true cost, then the market can’t work properly. 
Nobel Prize–winning economist Paul Krugman calls this basic Eco-
nomics 101: 10  

  Externalities like pollution are one of the classic forms of market fail-
ure, and Econ 101 says that this failure should be remedied through 
pollution taxes or tradable emissions permits that get the price right.  

 British economist Nicholas Stern has similarly described the failure 
to put a price on carbon emissions as an incredible failure of the free 
market: 11  

  The problem of climate change involves a fundamental failure of 
markets: those who damage others by emitting greenhouse gases 
generally do not pay. . . . Climate change is a result of the greatest 
market failure the world has seen.  

 Indeed, there is nearly universal agreement among economists who 
study the subject as it relates to climate change that there should be a 
price on carbon emissions. Even Richard Tol—who is listed on the aca-
demic advisory council of the GWPF political advocacy group, which 
opposes taking action to address climate change, and who as previ-
ously discussed in this book attacked our paper showing a 97 percent 
consensus in the peer-reviewed climate literature that humans are 
causing global warming—has published research showing that there 
should be a price for carbon pollution. 12  

  A government that uses the same 3 percent discount rate for climate 
change as for other decisions should levy a carbon tax of $25 per 
metric ton of carbon (modal value) to $50/tC (mean value). A higher 
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tax can be justified by an appeal to the high level of risk, especially of 
very negative outcomes, not captured in the standard estimates. . . . 
There is a strong case for near-term action on climate change, al-
though prudence may dictate phasing in a higher cost of carbon 
over time.  

 Climate economists also agree that waiting to reduce our green-
house gas pollution will cost us money in the long run, because it’s 
cheaper to prevent climate change by reducing those emissions than 
it is to try and adapt to climate change once it happens. For example, 
prominent Yale economist William Nordhaus has written, in response 
to climate contrarians misrepresenting his work to argue we should 
wait 50 years to reduce our carbon pollution: 13  

  The cost of waiting fifty years to begin reducing CO2 emissions is 
$2.3 trillion in 2005 prices. If we bring that number to today’s econ-
omy and prices, the loss from waiting is $4.1 trillion. Wars have been 
started over smaller sums. 

 My study is just one of many economic studies showing that 
economic efficiency would point to the need to reduce CO2 and 
other greenhouse gas emissions right now, and not to wait for a 
half-century. Waiting is not only economically costly, but will also 
make the transition much more costly when it eventually takes place. 
Current economic studies also suggest that the most efficient policy 
is to raise the cost of CO2 emissions substantially, either through 
cap-and-trade or carbon taxes, to provide appropriate incentives for 
businesses and households to move to low-carbon activities.  

 The failure to put a price on carbon emissions can also be viewed 
as an immense government subsidy. After all, it’s a case of the gov-
ernment allowing companies to release greenhouse gas pollution into 
the atmosphere for free, despite the fact that we know those emis-
sions have a cost via climate change impacts—costs that governments 
and taxpayers often have to absorb. And the size of that subsidy is 
breathtaking. 

 Economists try to estimate the costs of carbon emissions via cli-
mate change impacts in what they call Integrated Assessment Models. 
These models try to combine climate models and economic models to 
estimate the costs of climate change as best we can, which are known 
as the “social cost of carbon.” PAGE09 is one example of an Integrated 
Assessment Model, run by Chris Hope at Cambridge University. The 
PAGE09 model estimates the average cost of a metric ton of carbon 
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dioxide at about $100. 14  However, because there are signifi cant uncer-
tainties in both the size of future climate impacts and the costs of those 
impacts, there is a wide range of possible values for the social cost 
of carbon. It could be as low as just a few dollars per ton, and some 
economists argue it could be close to $1,000 per ton. 15  

 Putting a price on carbon pollution is a tricky endeavor, because, for 
example, what price do you put on a human life? On potential cultural 
losses? On biodiversity and the value of species that may go extinct? 
Another moral and ethical issue is that poorer countries, which have 
contributed the least to climate change, tend to be the most vulnerable 
to its impacts. 16  This is due to the fact that poorer countries have fewer 
resources available to adapt to climate change and also because they 
often tend to be located near the equator (e.g., in Africa and Central 
America), in regions that are generally already hot and dry. 

 This is a key point that even climate contrarians tend to agree with. 
The Copenhagen Consensus Center, a think tank (despite its name, 
located in Massachusetts) run by Bjorn Lomborg who’s best known for 
downplaying the threats posed by climate change, released a report in 
January 2014 on the costs of various global problems including climate 
change. The report’s assessment of the costs of climate change was 
written by Richard Tol. Tol’s climate assessment concluded that we’ve 
reached the point where further human greenhouse gas emissions 
and associated global warming will be worse for the global economy. 
Moreover, the report concluded that when “equity weighted” to bet-
ter account for the impacts to the economies of poorer countries, we 
reached that point in 1980. Tol wrote: 17  

  Most countries benefitted from climate change until 1980, but after 
that the trend is negative for poor countries and positive for rich 
countries. The global average impact was positive in the 20th cen-
tury. In the 21st century, impacts turn negative in most countries, 
rich and poor.  

 So even some climate contrarian groups recognize that climate change 
particularly harms poorer countries, who contribute the least to the 
problem. It’s worth noting that Richard Tol’s Integrated Assessment 
Model (called FUND) arrives at a significantly lower estimate of the 
costs of climate change than Chris Hope’s PAGE09 model or William 
Nordhaus’s DICE model. Nevertheless, they all agree that more global 
warming will be worse for the global economy and that the economies 
of poorer nations are being particularly hard hit by climate change. 
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 The U.S. government currently uses a best estimate for the social 
cost of carbon of about $36 per ton of carbon dioxide. This a relatively 
low estimate but was raised in mid-2013 from the previous best esti-
mate of about $22 per ton. 18  The problem is that although the U.S. gov-
ernment estimates that the cost of a ton of carbon dioxide pollution is 
$36, and despite the fact that economists agree that the cost of green-
house gas pollution should be refl ected in the costs of products that 
produce that pollution, right now American fossil fuel producers and 
consumers pay absolutely nothing for their carbon pollution (except 
in some regions like California that have put a price on carbon). The 
pollution is free; essentially a massive government subsidy. 

 Right now, global emissions from fossil fuels amount to over 31 bil-
lion metric tons of carbon dioxide per year. Using the U.S. government 
best estimate of the social cost of carbon, that amounts to a global sub-
sidy of over $1 trillion per year. If we instead use the average estimate 
from Chris Hope’s PAGE09 model, it’s equivalent to an annual global 
fossil fuel subsidy of over $3 trillion. The United States alone emits about 
5.2 billion metric tons of carbon dioxide pollution every year, amount-
ing to an annual subsidy to the fossil fuel industry of $187 billion using 
the government best estimate, or $519 billion using the PAGE09 aver-
age estimate for the social cost of carbon. And that’s just the indirect 
climate subsidies; governments also directly subsidize the fossil fuel 
industry, despite the fact that the industry has been established for well 
over a century and is the most profi table industry in the world. 

 According to estimates compiled by National Geographic using data 
from organizations like the International Energy Agency, direct govern-
ment fossil fuel subsidies amount to around another $500 billion per 
year, globally. 19  That puts global fossil fuel subsidies conservatively at 
$1.5 trillion per year, going to fossil fuel companies like Exxon Mobil, 
which was the most profi table company in the world in 2011, making 
$41.6 billion in profi ts that year. 20  With such immense annual subsidies, 
it’s no wonder that fossil fuel companies make such obscene profi ts, but 
why are we subsidizing the most profi table companies in the world?  

  CITIZENS CLIMATE LOBBY PUSHES FOR A 
REVENUE-NEUTRAL CARBON TAX IN THE 
UNITED STATES 

 There are a variety of different ways to put a price on carbon emissions. 
The most popular to date has been the concept of a carbon cap-and-
trade system. Cap and trade involves putting a limit on the total 
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carbon emissions that a given industry or trading system participants 
are allowed to emit, handing out or selling permits for those emis-
sions, and then allowing participants to buy and sell them as needed. 
It’s a free-market solution; originally a Republican concept, proposed 
as an alternative to pure government regulation of pollutants. As the 
Smithsonian Institute describes it, 21  

  The basic premise of cap-and-trade is that government doesn’t tell 
polluters how to clean up their act. Instead, it simply imposes a cap 
on emissions. Each company starts the year with a certain number 
of tons allowed—a so-called right to pollute. The company decides 
how to use its allowance; it might restrict output, or switch to a 
cleaner fuel, or buy a scrubber to cut emissions. If it doesn’t use up 
its allowance, it might then sell what it no longer needs. Then again, 
it might have to buy extra allowances on the open market. Each year, 
the cap ratchets down, and the shrinking pool of allowances gets 
costlier. As in a game of musical chairs, polluters must scramble to 
match allowances to emissions.  

 In the late 1980s, acid rain due to sulfur dioxide emissions was 
becoming a major concern. The George H. W. Bush administration 
pushed for a sulfur dioxide cap-and-trade system rather than simple 
government regulation and succeeded. According to the U.S. Environ-
mental Protection Agency (EPA), by 2020, that system will have cost 
$65 billion, but the sulfur dioxide emissions cuts it will achieve will 
have created benefi ts (e.g., lower health care costs due to less air pollu-
tion) of $2 trillion and will have saved 230,000 people from premature 
death. 22  In 2010 alone, the acid rain program provided an estimated 
$120 billion in public health benefi ts—40 times the estimated cost. 
Despite this immense success from both environmental/public health 
and economic standpoints, Republican politicians universally claim 
that implementing a similar system for greenhouse gases will hamper 
the free market and cripple the U.S. economy. 

 The biggest downside to cap-and-trade systems is in their complex-
ity and thus the potential for the system to be abused. A simpler option 
involves taxing carbon emissions. There are a number of details that 
need to be sorted out if a carbon tax is implemented. For example, 
should the tax be applied to the fossil fuel industries when they gen-
erate the products from which the greenhouse gas emissions origi-
nate, or should the tax be applied to consumers when the emissions 
are released? Most importantly, what should we do with the revenue 
generated by the tax? Some have suggested using it to reduce budget 
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defi cits, others think the money should be used to fund research and 
development of green technologies, while others think the money 
should be returned to the taxpayers. 

 The latter option is known as a “revenue-neutral carbon tax” or “fee 
and dividend,” because rather than generate revenue for the govern-
ment, the funds are all returned to the taxpayers. Again, there are a 
few different ways to make a carbon tax revenue-neutral. One option 
involves cutting other taxes by the same total amount as the carbon 
tax increase. The Canadian province of British Columbia (BC) took this 
approach, tying the carbon tax to reductions in personal and corporate 
income taxes, as well as tax credits to offset impacts on low-income 
individuals. In its fi rst year (2008–2009), the system actually resulted in 
a net tax reduction of $230 million for BC residents, because the reduc-
tion in personal and corporate income taxes returned more money to 
the taxpayers than was generated by the carbon tax. 

 The main benefi t of a revenue-neutral carbon tax lies in the fact that 
it minimizes the fi nancial impact on taxpayers while nevertheless cre-
ating an incentive for individuals to reduce their greenhouse gas emis-
sions. By taxing carbon pollution, BC citizens are encouraged to take 
steps to reduce those emissions, but by offsetting the carbon tax with 
reductions in other taxes, the average citizen will not experience any 
net tax increase. The BC system has been successful thus far, with per 
capita fuel usage falling more than 4 percent compared with the rest 
of Canada, and the BC economy has kept up with the rest of Canada’s 
in the process. 23  The tax has also been very popular. Polls have shown 
that public support for the BC carbon tax has grown to 64 percent, and 
59 percent of Canadians say they would support a similar carbon tax 
system in their provinces. 24  The popularity may be in part a result of 
the fact that by offsetting the carbon taxes, British Columbia has the 
lowest income taxes in Canada. 

 Another option involves simply returning the revenue generated 
by the carbon tax directly to the taxpayers, for example, with periodic 
rebate checks. Although the average cost to taxpayers is zero, the exis-
tence of the carbon tax nevertheless provides the incentive for people 
to reduce their consumption of fossil fuels and associated greenhouse 
gas emissions. In fact, those who reduce their emissions the most can 
come out ahead and make money from the revenue-neutral tax. Stud-
ies have shown that this will be the case for about two-thirds of tax-
payers, while only the one-third with the highest carbon pollution will 
see their energy bills go up by a larger amount than the rebate checks 
they receive. 
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 Most proposals involve increasing the size of the tax over time, so 
people know that the price of fossil fuels will only continue to rise, 
thus providing the incentive for taxpayers to reduce their fossil fuel 
consumption over the long term. Although the rebate checks will 
“make taxpayers whole,” they will still have the fi nancial incentive to 
reduce their carbon pollution. Who wants to waste his or her rebate on 
higher gasoline and energy bills? 

 In June 2014, an organization called Regional Economic Mod-
els, Inc. (REMI), published a report analyzing the economic impacts 
of a revenue-neutral carbon tax to various regions across the United 
States. 25  In a key conclusion of the report, because the refund checks 
will exceed the increased energy costs for about two-thirds of Ameri-
can taxpayers, REMI found that most people would actually have 
more disposable income as a result of this sort of carbon fee system. 
That increase in disposable income for people in most regions around 
the country would lead to increased consumer spending, which would 
translate into job growth and a stronger economy. The oil-heavy region 
consisting of Texas, Louisiana, Oklahoma, and Arkansas was the lone 
exception, with REMI fi nding that this region would take a modest 
economic hit, but the study found that every other region of the United 
States would benefi t economically from a revenue-neutral carbon tax 
and that it would achieve substantial American carbon pollution cuts 
(with emissions declining by 33 percent after only 10 years and 52 per-
cent after 20 years). 

 It’s important to note that this report found that a revenue-neutral 
carbon tax would benefi t the economy as compared to a baseline Amer-
ica without the carbon price. That baseline America did not account for 
the costs of damages from continued climate change if we don’t reduce 
carbon pollution. The REMI study didn’t consider climate change at 
all; it considered only the economic impact of the proposed change in 
the tax code if a revenue-neutral carbon tax were implemented. Thus, 
by failing to account for the economic damages we would avoid by 
slowing global warming, the report actually underestimated the eco-
nomic benefi t of the proposed carbon pricing system. In short, the evi-
dence clearly points to a revenue-neutral carbon tax being good for the 
American economy. 

 Citizens Climate Lobby is a grassroots organization advocating for 
this type of revenue-neutral carbon tax. The most important aspect of 
this proposal is that it has signifi cant support among American politi-
cal conservatives. While a few Republicans like John McCain have 
supported carbon cap-and-trade systems in the past, despite originally 
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being a Republican invention, there’s never been enough  Republican 
support to pass national carbon cap-and-trade legislation. In the United 
States, it’s rare for legislation to successfully pass through  Congress 
without signifi cant bipartisan support. 

 However, because it’s a free-market solution that doesn’t create “big 
government,” a revenue-neutral carbon tax appeals to conservatives 
and Republicans who understand the scientifi c and economic impor-
tance of putting a price on carbon emissions. The list of conservatives 
supporting a revenue-neutral carbon tax continues to grow: 

   •  Fifty-one percent of Republican voters; 
  •  Art Laffer, economic advisor to Ronald Reagan; 
  •  Greg Mankiw, economic advisor to George W. Bush and Mitt 

Romney; 
  •  George Shultz, Reagan’s secretary of state and Nixon’s Treasury 

secretary; 
  •  Gary Becker, Nobel laureate in economics; 
  •  Bob Inglis, former Republican congressman from South Carolina; 
  •  William Ruckelshaus, EPA administrator under Nixon and 

Reagan; 
  •  Lee Thomas, EPA administrator under Reagan; 
  •  William Reilly, EPA administrator under George H. W. Bush; and 
  •  Christine Todd Whitman, EPA administrator under George 

W. Bush.  

 The potential for bipartisan support and the minimal fi nancial 
impact on American taxpayers are the main reasons that Citizens Cli-
mate Lobby specifi cally advocates for a revenue-neutral carbon tax. 
The group’s strategy is to publish letters to the editor and opinion edi-
torials in support of a carbon tax in newspapers around the country, 
and for individual chapters to meet with and encourage their local 
congress members to support revenue-neutral carbon tax legislation. 
The group has grown quickly, with chapters in most congressional dis-
tricts across the United States, also expanding internationally. Citizens 
Climate Lobby members have met with hundreds of members of Con-
gress, including Republicans like former House majority leader Eric 
Cantor. 

 The group also has a positive message, instructing member groups 
to highlight the positive actions of their congressional representatives 
when meeting with them or their staffers. Because of the group’s effec-
tiveness and rapid growth, it’s been endorsed by a lot of big names in 
climate change, including James Hansen. 
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 In mid-2013, I joined the Sacramento chapter of Citizens Cli-
mate Lobby. I think it has the right idea advocating specifi cally for 
a revenue-neutral carbon tax that conservatives can get behind. Our 
chapter has met with staffers in a few local congress members’ offi ces, 
including both Democrats and Republicans. Citizens Climate Lobby 
executive Mark Reynolds and I published an opinion editorial in  The 
Sacramento Bee  in 2013, discussing that the science on human-caused 
global warming is settled, and we need to put a price on carbon emis-
sions, preferably via a revenue-neutral carbon tax. I’ve also given 
several talks to local groups along with other Citizens Climate Lobby 
members, including to the Sacramento chapters of the United Nations 
Association and League of Women Voters in 2013, and at an interfaith 
discussion about the moral response to climate change in 2014, trying 
to build more local grassroots support for a revenue-neutral carbon tax. 

 If any group has a chance to break the Republican gridlock and 
obstruction on climate legislation, it’s Citizens Climate Lobby. It’s hard 
to see progress happening while any Republican in Congress who even 
accepts basic climate science and admits that the planet is warming will 
immediately be attacked by the right-wing media and will almost cer-
tainly face a primary challenge from a more extreme science-denying 
conservative candidate. However, Citizens Climate Lobby is working 
to change that political environment by reaching out to the general 
public with letters and editorials in newspapers around the country 
and by having positive, productive meetings with Republican mem-
bers of Congress. Eventually moderates will once again be welcome 
within the Republican Party, and at that time a revenue-neutral carbon 
tax will become a real possibility in the United States. It’s really a great 
solution that can grow the economy, create jobs, and give most people 
more disposable income, all while achieving serious cuts in carbon 
pollution.  

  STOPGAP EPA GREENHOUSE GAS REGULATIONS 

 In the meantime, the EPA has begun to implement regulations on green-
house gas emissions from power plants during President Obama’s 
second term. The process to establish these regulations actually began 
during the George W. Bush administration. The U.S. Clean Air Act has 
a provision that requires that for any air pollutant that contributes to 
air pollution and “may reasonably be anticipated to endanger public 
health or welfare,” 26  the EPA must set emissions standards. However, 
in 2003, the George W. Bush EPA announced that it would not regulate 
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greenhouse gas emissions because Congress had not given the EPA the 
authority to regulate those emissions for climate change purposes, and 
because the EPA decided that setting those emissions regulations “is 
not appropriate at this time.” 27  

 As a result, 12 states (California, Connecticut, Illinois, Maine, Massa-
chusetts, New Jersey, New Mexico, New York, Oregon, Rhode Island, 
Vermont, and Washington), three cities (New York, Baltimore, and 
Washington, D.C.), the territory of American Samoa, and a number of 
environmental groups took the EPA to court to challenge its decision 
not to regulate greenhouse gas emissions. The petitioners were repre-
sented by the Massachusetts Attorney General’s Offi ce. The case went 
all the way up to the U.S. Supreme Court, where it was known as  Mas-
sachusetts v. Environmental Protection Agency . The U.S. Supreme Court 
made its decision on this case in 2007. 

 The main question at hand was whether greenhouse gases qualify 
as “air pollutants,” in which case the EPA would be obligated under 
the Clean Air Act to determine whether they pose a threat to public 
welfare and thus whether their emissions must be regulated. This deci-
sion would be necessary only if greenhouse gases met the defi nition of 
air pollutants in the Clean Air Act: 

  The term “air pollutant” means any air pollution agent or combi-
nation of such agents, including any physical, chemical, biological, 
radioactive (including source material, special nuclear material, and 
byproduct material) substance or matter which is emitted into or 
otherwise enters the ambient air.  

 Clearly this is a very broad definition, and greenhouse gases easily 
qualify. However, the petitioners led by the state of Massachusetts first 
had to prove that they had legal “standing,” or the U.S. Supreme Court 
could have thrown the case out. To demonstrate standing, the petition-
ers essentially had to prove that they were being directly injured by the 
EPA refusal to regulate greenhouse gas emissions. The state of Mas-
sachusetts argued that as a coastal state, it was being adversely im-
pacted by sea level rise causing the oceans to encroach onto its coastal 
properties. 

 This was a well-formed argument, because sea level rise is unques-
tionably directly connected to global warming. Sea level rise is caused 
almost entirely by two factors—melting land ice and thermal expan-
sion (water expanding as it warms). Both are a direct consequence of 
global warming, and since we know that greenhouse gases cause the 
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planet to warm, greenhouse gas emissions are directly related to sea 
level rise. Therefore, greenhouse gas emissions are injuring the state of 
Massachusetts by causing sea level rise that encroaches on the state’s 
coastal property. 

 While this sounds like an open and shut case, in actuality it was 
very diffi cult to predict how the Supreme Court would rule on the 
issue of standing. In the 1970s, the U.S. Supreme Court was very lib-
eral in its determinations of standing among environmental groups. 
An environmental organization essentially just had to argue that its 
members might visit an area that would be adversely impacted by a 
given action, and the Court would grant the group standing. How-
ever, over the past few decades, led by the conservative justice Anto-
nin Scalia, the Court has gradually become more and more stringent 
in its determinations of standing for environmental groups. There had 
to be evidence that the group would be directly injured by the action 
in question. Though the state of Massachusetts had a strong case for 
injury and standing on greenhouse gas emissions, it was diffi cult to 
predict how the relatively conservative U.S. Supreme Court in 2007 
would rule. 

 As is often the case, the Supreme Court split along politically par-
tisan lines on the question of whether the state of Massachusetts had 
standing in this case. The four more liberal members of the Court 
(Stevens, Souter, Ginsburg, and Breyer) ruled in favor, while the four 
more conservative members (Scalia, Roberts, Thomas, and Alito) ruled 
against. And as is also often the case, it was left to the most moder-
ate member of the court (Justice Anthony Kennedy) to break the tie 
and make the fi nal decision. Kennedy correctly ruled that the state of 
Massachusetts had standing, and the majority decision required the 
EPA to make an “endangerment fi nding” to determine whether green-
house gases endanger public welfare, in which case the EPA would be 
required to regulate their emissions. 

 For the following two years, the George W. Bush EPA essentially 
dragged its feet and delayed making this decision. When President 
Obama was elected and took offi ce in 2009, the EPA quickly took up 
the task. The question was not a diffi cult one to answer. The body of 
scientifi c evidence and research is crystal clear in showing that human 
greenhouse gases are causing rapid global warming and climate 
change and that this climate change poses a threat to human welfare. 
For example, sea level rise caused by global warming threatens the 
coastlines of states like Massachusetts. More frequent and/or intense 
droughts and heat waves and fl oods endanger farm productivity, 
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potentially causing food prices to rise. Warmer oceans are causing 
stronger hurricanes in the Atlantic, endangering the welfare of Ameri-
cans in areas where hurricanes strike. We can’t predict all of the impacts 
associated with climate change, but overall they certainly endanger 
public welfare. 

 The Obama EPA considered a number of major climate science 
assessment reports and correctly arrived at this same conclusion. In 
2009 the EPA issued its greenhouse gas endangerment fi nding, con-
cluding that 28  

  greenhouse gases in the atmosphere may reasonably be anticipated 
both to endanger public health and to endanger public welfare. . . . 
The major assessments by the U.S. Global Climate Research Program 
(USGCRP), the Intergovernmental Panel on Climate Change (IPCC), 
and the National Research Council (NRC) serve as the primary sci-
entific basis supporting the Administrator’s endangerment finding.  

 As a result, the EPA was required under the Clean Air Act to regulate 
greenhouse gas emissions. There were of course challenges to this de-
cision. In February 2010, three states (Alabama, Texas, and Virginia) 
and several other parties sought judicial review of the EPA endanger-
ment finding in the U.S. Court of Appeals, District of Columbia Cir-
cuit. However, two years later, the court dismissed the challenge. The 
three-judge panel unanimously upheld the EPA’s finding that green-
house gases endanger public health and welfare and are likely respon-
sible for the global warming experienced over the past half-century. 29  
Republican opposition to the EPA decision has continued, for example, 
with House Republicans attempting to pass legislation to defund the 
EPA in order to prevent them from enforcing regulations on green-
house gases and other pollutants. They’ve also accused President 
Obama of overreach and abusing his executive powers, even though 
the carbon regulations are legally required under the Clean Air Act, as 
ruled by the conservative Supreme Court. 

 Nevertheless, the EPA has proceeded to issue greenhouse gas emis-
sions regulations. They fi rst issued regulations on emissions from 
vehicles, which are essentially met by the Corporate Average Fuel 
Economy standards, which require vehicles sold in the United States 
to meet a certain average fuel effi ciency. These standards in turn limit 
the amount of gasoline they burn and hence the amount of greenhouse 
gases they emit. 30  In September 2013, the EPA issued a draft proposal 
for regulating carbon pollution from new power plants, taking into 
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consideration more than 2.5 million comments from the public on its 
fi rst such proposal, which was issued in 2012. 31  

 The challenge was in setting standards on both coal and natural gas 
power plants, because the former have much higher carbon dioxide 
emissions than the latter. The EPA had originally proposed to create 
one set of emissions standards, which natural gas power plants would 
be able to meet, but which would be nearly impossible for coal power 
plants to meet. Fearing that the coal industry might successfully be 
able to challenge these regulations in court as unfair to coal power 
plants, the new 2013 EPA proposal set different greenhouse gas emis-
sions standards for natural gas and coal power plants. Nevertheless, 
it’s expected to be diffi cult and expensive for new coal power plants to 
meet these standards, requiring them to capture and store some of their 
carbon emissions, which is a costly process. Construction of new coal 
power plants had already stalled, as they’ve been replaced by cheaper 
natural gas and renewable energy power plants instead. The addition 
of these new EPA greenhouse gas regulations makes it unlikely that 
many new coal power plants will ever be built in the United States. In 
June 2014, the EPA issued its draft proposal for regulating carbon pol-
lution from existing power plants as well. 

 The great irony is that by forcing President Obama’s hand, Repub-
licans have given him no choice but to implement “big government 
regulations” when they could have instead supported a free-market 
solution. After being elected to a second term, in his February 2013 
State of the Union Address, President Obama told Congress that if 
it failed to pass “bipartisan, market-based” climate change legisla-
tion to “protect future generations, I will.” 32  A few months later, in 
August 2013 his secretary of state John Kerry reiterated this climate 
commitment to his Brazilian counterpart: 33  

  So the challenge is ahead of us, for all of us, and I know that the 
United States has a great commitment under President Obama to 
take our own initiatives, not even to wait for congressional action, 
but to move administratively in order to do our part. I know we can 
continue to work with Brazil on this issue of climate, and we look 
forward to doing so.  

 The Obama administration had made it abundantly clear that it 
would prefer for Congress to address the climate change problem 
through a market-based solution like a carbon tax or cap-and-trade 
system, but that if it failed to do so, his EPA would implement the 
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legally required government greenhouse gas regulations. Republi-
cans in Congress knew that these were their two options, that govern-
ment regulations were all but inevitable if they failed to implement 
free-market climate legislation, and yet they still failed to do so. They 
have continued to obstruct policies supported by conservatives that 
would be better for the economy than government regulation of car-
bon pollution. Nevertheless, Republicans could replace these regula-
tions with a small government revenue-neutral carbon tax at any time. 
That policy already has support among Democrats; all that’s needed is 
a little support from Republicans for this free-market alternative.  

  THE POLITICIZATION OF SCIENCE 

 Unfortunately, the political atmosphere in the United States has be-
come so toxic and partisan, and the Republican Party has so politicized 
science, that it’s simply not possible for most Republican policymakers 
to support any sort of climate policy, even if it embodies a free-market 
solution replacement to big government regulation. Doing so would 
guarantee heavy criticism from the conservative media and a primary 
election challenge by a candidate from the extreme right wing of the 
party. Bob Inglis is a perfect example of this toxic, partisan, antiscience 
political climate in today’s Republican Party. 

 Bob Inglis was the Republican congressional representative from 
South Carolina’s 4th District from 1993 to 1999 and from 2005 to 2011. 
Inglis was a conservative congressman from a conservative district 
in a conservative state; he had a 93.5 percent lifetime rating from the 
American Conservative Union and had been endorsed by the National 
Rifl e Association and National Right to Life. However, Inglis was also 
a realist when it came to the subject of climate change and supported 
taking action to address the problem. In 2010, he was challenged in the 
Republican primary by a Tea Party–backed candidate, who portrayed 
Inglis as not suffi ciently conservative, despite his high conservatism 
rating from the American Conservative Union. Some of Inglis’s other 
positions were challenged, like his opposition to the proposed 2007 
Iraq War troop surge, but his acceptance of the expert consensus posi-
tion on human-caused global warming was one of the key issues on 
which Inglis was portrayed as insuffi ciently “conservative.” Inglis lost 
the primary election to the Tea Party candidate by a landslide, 71 per-
cent to 29 percent. 

 That election result may have spooked other Republican mem-
bers of Congress around the country, because few if any have since 
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expressed any support for tackling the problems posed by climate 
change, and in fact few will even admit in public that human-caused 
global warming is a scientifi c reality. Fear of a primary challenge by a 
more conservative candidate is pervasive among Republicans in Con-
gress. Sadly, their political party has come to view climate change as a 
political issue rather than a scientifi c one. 

 After he lost his seat in Congress, Bob Inglis started a nation-
wide public engagement campaign promoting conservative and 
free-enterprise solutions to energy and climate challenges, called the 
Energy and Enterprise Initiative. 34  Inglis has become an outspoken, 
staunch supporter of a revenue-neutral carbon tax and hence has also 
been very supportive of Citizens Climate Lobby. Inglis joins the long 
list of conservatives who support a free-market solution to global 
warming, but because of the partisan, antiscience position of today’s 
Republican Party, they have yet to convince any conservative mem-
bers of Congress to sponsor or publicly support a revenue-neutral 
carbon tax or other climate legislation. Instead, the Republican Party 
has obstructed all congressional efforts to address the threats posed by 
climate change. 

 As a result, President Obama was forced to instead use his execu-
tive powers to address the problem, as he had promised, and as was 
legally required. In September 2013, Obama’s EPA released its draft 
rules to regulate emissions from coal-fi red power plants and set up a 
climate change adaptation task force. In early December he ordered 
federal agencies to lead by example and get 20 percent of their power 
from renewable sources by 2020. He established a Climate Action Plan, 
with EPA greenhouse gas regulations as the featured component. 35  The 
plan also involves increasing fuel economy standards to reduce green-
house gas emissions via transportation, improving energy effi ciency 
in buildings, reducing other greenhouse gas emissions besides carbon 
dioxide, preserving forests, leading on the issue of climate change at 
the federal level and in international negotiations, and preparing to 
adapt to the climate change that we can’t avoid. 

 Aside from the concrete steps to reduce greenhouse gas emissions, 
President Obama’s actions have been important for the message they’ve 
sent. In his fi rst term in offi ce, President Obama took some relatively 
small and low-profi le steps to address the problem, but rarely spoke 
about climate change. When faced with the choice to spend his politi-
cal capital on health care or climate change, he chose health care. It 
was a disappointment to those who voted for him in the hopes that he 
would take a leading role in tackling global warming. Arguably what 
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we most lack are political leaders who are willing to speak out about 
the importance and urgency of addressing climate change, which is 
one of the main reasons why the public doesn’t view addressing global 
warming as a high priority. 

 However, President Obama has made a signifi cant shift on climate 
change in his second term in offi ce. He began speaking about the issue 
in prominent speeches, like in his second inaugural address and State 
of the Union. He appointed John Kerry, who has long been a strong 
advocate of addressing climate change and has coauthored bipartisan 
climate legislation in the U.S. Senate, as his secretary of state. He prom-
ised to use his executive powers to address climate change if Congress 
failed to do so, and he followed through on that promise. The United 
States has also begun taking a leadership role in international climate 
negotiations, whereas during the George W. Bush administration, the 
United States was a key roadblock to making any signifi cant interna-
tional progress. 

 Unfortunately, the other half of the American political landscape 
continues to try and block all progress in solving the threat posed by 
climate change. In his January 2014 State of the Union address, Presi-
dent Obama said: 

  Climate change is a fact. And when our children’s children look us 
in the eye and ask if we did all we could to leave them a safer, more 
stable world, with new sources of energy, I want us to be able to say 
yes we did. 36   

 It’s encouraging to hear the president speak out in support of climate 
science, but simultaneously discouraging that he’s forced to state 
something as obvious as “climate change is a fact.” Even more discour-
aging, while these comments made by President Obama on climate 
change received strong applause from Democrats in the audience, they 
were predominantly met with silence from the congressional Republi-
cans in the room. It was another sign of the conservative politicization 
of science.  

  PROGRESS AT THE MORE LOCAL LEVEL 

 Fortunately, there’s been some good news on more local levels. In re-
cent years, some states have stepped up to implement measures to 
reduce local greenhouse gas emissions. California has begun imple-
menting the most aggressive emissions reduction system in the United 
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States, with a target of reducing the state’s greenhouse gas emissions 
to 1990 levels by 2020 and 80 percent below 1990 levels by 2050. 37  

 To achieve this aggressive goal, California has launched a carbon 
cap-and-trade system, which essentially uses the free market to put a 
price on greenhouse gas emissions, and thus gives industries fi nancial 
incentive to reduce their emissions. 

 Australia also approved a carbon tax that was implemented in 
mid-2012 and was planned to transition to a cap-and-trade system 
in three to fi ve years. 38  Unfortunately, the Labor Party, which had 
implemented the carbon pricing legislation, lost popularity for vari-
ous reasons. The carbon price was controversial, but most Australians 
supported it going into the September 2013 election, won by Tony 
Abbott’s Liberal Party (which despite the name is politically conserva-
tive). 39  Polling immediately after the election showed that the carbon 
tax was the main issue deciding their vote for only about 3 percent of 
Australian voters. 40  Nevertheless, Australia took a big step backward 
by repealing the carbon tax in July 2014. 

 In 2014, China completed the rollout of seven regional carbon 
cap-and-trade systems. 41  The Chinese are evaluating whether to pur-
sue a cap-and-trade system, carbon tax, or regulatory limits to reduce 
its carbon pollution. A decision is expected by 2018, when the cho-
sen policy is expected to be implemented. China is often used as a 
scapegoat by those looking for an excuse to oppose American action to 
tackle global warming. Because of China’s large population and rap-
idly growing economy, it produces more total carbon pollution than 
the United States, although signifi cantly less per person. Thus, until 
China tackles its carbon emissions, opponents argue, there’s no sense 
in America tackling its carbon emissions. However, as these regional 
carbon cap-and-trade systems and plans for a national policy within a 
few years show, China is actually ahead of the United States in address-
ing the problem domestically.  

  VERY SLOW PROGRESS AT THE INTERNATIONAL LEVEL 

 At the end of 2011, another round of international climate negotiations 
were held in Durban, South Africa. The Durban talks followed major 
international climate conferences in Kyoto in 1997, which resulted in 
the Kyoto Protocol (where most developed nations, except the United 
States, agreed to reduce their greenhouse gas emissions), and in Co-
penhagen in 2009, where little progress was made. Expectations for the 
Durban negotiations were very low, but the good news is that some 
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progress was made. Both developed (including Europe and the United 
States) and developing (most notably China and India) nations agreed 
on a framework to establish legally binding greenhouse gas emissions 
reductions targets, in an extension of the Kyoto Protocol. The bad news 
is that these targets don’t need to be implemented until 2020, and the 
longer we wait to start reducing emissions, the more painfully large 
the cuts will have to be. However, while progress is slow, at least prog-
ress is being made, which is critically important. 

 Another round of talks were held in Warsaw, Poland, in 2013. The 
negotiators agreed to kick the can down the road once more; countries 
have until the fi rst quarter of 2015 to publish their plans to curb their 
greenhouse gas emissions. The goal of the Warsaw conference was to 
lay the groundwork for the next international negotiations, to be held 
in Paris in late 2015. The 2015 Paris conference is now seen as a critical 
one, where international negotiators must agree on concrete plans to 
reduce carbon pollution and slow global warming.  

  LOW-CARBON TECHNOLOGY SOLUTIONS 

 The good news is that we have all the technology we need to solve 
the problem. Wind turbines are a particularly cheap, cost-effective, 
low-emissions energy source. In the United States, according to the 
Energy Information Administration, the states generating the highest 
percentage of their energy supply from wind as of 2011 were South Da-
kota (22.3 percent), Iowa (18.8 percent), North Dakota (14.7 percent), 
Minnesota (12.7 percent), Wyoming (10.1 percent), Colorado (9.2 per-
cent), Kansas, Idaho, and Oregon (each with 8.2 percent). 

 These are generally not liberal, hippie, tree-hugger states. They’re 
installing all of these wind turbines for purely economic reasons; it’s 
a cheap source of energy. It helps that the midwestern United States is 
often referred to as “the Saudi Arabia of wind.” There’s an area split-
ting the country almost right down the middle, from North Dakota 
to Texas, where wind speeds are consistently high, helping wind tur-
bines generate a lot of energy and hence making them particularly 
cost-effective. Overall, U.S. wind generation has grown by over 140,000 
megawatt-hours since 1997. In 2013, wind generation surpassed 4 per-
cent of total electricity generation in the United States, up from less 
than 1 percent just six years earlier. It’s still a small percentage, but 
wind energy production is growing fast. 

 Solar panels are rapidly falling in price and growing in popular-
ity as well. The installed price of solar panels in the United States fell 
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by about half between 1998 and 2012. The installed energy-generating 
capacity of solar photovoltaics in the United States doubled from 2007 
to 2009, and then nearly doubled again each year from 2009 to 2010, 
2010 to 2011 to 2012, and 2012 to 2013. Between 2008 and 2013, the 
amount of new solar photovoltaic installations in the United States 
increased by a factor of 10. California is leading the way, accounting 
for about 35 percent of American solar photovoltaic energy capacity, 
followed by Arizona (15 percent) and New Jersey (13 percent). 

 California has also begun deploying another type of solar energy 
production called concentrated solar thermal power. These systems 
use mirrors or lenses to concentrate sunlight onto a small area, like a 
central tower. The concentrated light is then generally used to heat a 
fl uid like water or molten salt. The heat is then used to drive a steam 
turbine to generate electricity. These concentrated solar thermal sys-
tems can also provide what’s known as “baseload” power—energy 
that can be produced at any time—because the liquid can also be used 
to store the heat generated by the concentrated sunlight. One criticism 
of wind and solar power is that they only generate electricity when the 
wind is blowing and the sun is shining (and hence don’t provide base-
load power, unlike fossil fuels for example, which we can burn at any 
time), but concentrated solar thermal plants can store energy for many 
hours and thus can potentially be used as a baseload power source. 

 Spain has been the global leader in concentrated solar thermal 
energy development and deployment, but California has begun con-
structing solar thermal power plants as well. In the Mojave Desert, the 
Ivanpah Solar Electric Generating System was completed in 2014. This 
is the world’s largest concentrating solar facility, generating power by 
using over 170,000 mirrors to concentrate sunlight on a central power 
tower. The Ivanpah solar plant is expected to generate over 1 million 
megawatt-hours of energy per year, which is enough to power over 
140,000 homes in California. 

 We have a very long way to go before solar energy makes a dent 
in overall national or global energy production—it still produces less 
than 1 percent of the electricity consumed in the United States—but 
the rate at which its costs are falling and installations are growing is 
remarkable and encouraging. The number of people employed by the 
solar industry is growing rapidly as well, with one of the fastest rates 
of growth of any American industry. The solar industry employed 
119,000 people in 2012, up 13 percent from 2011. 

 The necessary resources are also readily available. The southwestern 
United States has plenty of sunny, open land, and the Midwest has an 
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abundance of areas with high wind speeds. In fact, to meet the entire 
American electricity demand with concentrated solar thermal power 
would require an area of just 92 square miles in size. American cities 
and residences cover about 140 million acres of land, and we could 
supply all of the country’s current electricity requirements by install-
ing solar panels on 7 percent of this area (e.g., on roofs, on parking 
lots, and along highway walls). So we have the technologies to pro-
duce low-emissions energy, and we have more than enough renewable 
resources (wind and sunlight and hydroelectric) to produce all the elec-
tricity we need. The costs are falling as the technologies improve and 
become more widely used. All we need is the will to continue deploy-
ing these technologies to replace electricity generated by fossil fuels. 

 Research has also shown that when all costs are taken into account, 
renewable energy is often cheaper than energy from burning fossil 
fuels. A 2012 paper written by Laurie Johnson of Natural Resources 
Defense Council and Chris Hope of Cambridge University compared 
the costs of various types of energy when accounting for the climate 
costs associated with their greenhouse gas emissions. 42  It’s important 
to remember that carbon pollution has very real costs that can’t be 
avoided. For example, the global warming caused by greenhouse gas 
emissions from burning fossil fuels leads to more and stronger heat 
waves, which in turn are bad for crops. Lower agricultural yields lead 
to increased food prices. Global warming also causes sea level rise, and 
warmer oceans tend to fuel stronger hurricanes, both of which increase 
the damage caused by these storms. Accounting for these costs when 
carbon pollution is emitted is the purpose of the aforementioned social 
cost of carbon. 

 Johnson and Hope found that as of 2012, wind energy was already 
cheaper than coal without even considering these climate costs. They 
also found that solar photovoltaic energy costs would be break-even 
with coal energy costs if the social cost of carbon is $50 per ton. More-
over, the cost of wind energy would be as low as energy from natural 
gas if the social cost of carbon is about $74 per ton. Recall that the U.S. 
government best estimate for the social cost of carbon is $36 per ton, 
but according to Chris Hope’s research, the best estimate is $100 per 
ton. In short, wind is certainly one of the cheapest forms of energy 
available, and solar photovoltaic energy is already close to the true 
cost of coal, with prices falling rapidly. 

 The positive and rapid growth trends in solar energy are aided by 
innovative companies like Solar City, chaired by the incredibly suc-
cessful entrepreneur Elon Musk (who some have claimed was the 
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model for the character Tony Stark in the  Iron Man  fi lms). Solar City 
and some other similar solar companies have bypassed the problem 
posed by the high up-front capital costs associated with buying solar 
panels by allowing their customers to instead lease the panels. Some 
of these companies give their customers the option to choose between 
paying a monthly fee, paying for a long-term lease (e.g., for a 10-year 
period) up front at a lower cost, or a combination of these options. 

 In 2010, I began leasing solar panels from a California company 
called Sungevity. In order to get the best deal, I paid for a 10-year lease 
up front. The average cost over the 10-year period is about the same 
as I would have paid my local electric utility, but instead I’m produc-
ing my own carbon-free renewable energy. Each year the solar panels 
on my roof are producing more than 3 megawatt-hours of electricity, 
which was initially more than my household energy consumption. 
What I don’t consume goes back into the electric grid, and my elec-
trical utility has actually had to send me a check to pay for that extra 
electricity my solar panels have produced for them. 

 That changed in late 2011, when I was able to purchase another 
low-carbon technology—an electric car (a Nissan Leaf). Research has 
shown that electric cars produce lower greenhouse gas emissions even 
when the electricity fueling them comes mostly from coal-fi red power 
plants, in large part because electric motors are far more effi cient than 
gasoline internal combustion engines. A study by the Union of Con-
cerned Scientists found that in regions covering a total of 45 percent of 
the American population, electricity generation is clean enough that 
electric cars would produce lower greenhouse gas emissions than even 
the most fuel-effi cient hybrid cars. 43  In regions that get most of their 
electricity from burning coal, hybrid cars produce lower greenhouse 
gas emissions than electric cars, which would be on about even foot-
ing with standard gasoline-powered cars in those coal-heavy regions. 
However, when charged up from a renewable energy source, an elec-
tric car can travel on essentially zero greenhouse gas emissions. Com-
bining electric car ownership with solar panels ensures that it’s the 
lowest emission form of individual road transportation, aside from 
human power like bicycling. 

 There are of course still roadblocks to widespread adoption of elec-
tric cars. Batteries are becoming cheaper as the technology improves, 
but a relatively affordable new electric car like the Nissan Leaf gets 
only about 70 miles per charge in real-world driving and then requires 
many hours to fully recharge the battery. Another of Elon Musk’s 
companies, Tesla Motors, has made signifi cant strides in solving this 
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problem. Its Tesla Roadster and Model S electric vehicles can get 
upward of 250 miles per charge, and the company is installing super-
fast, free recharging stations all over the country, which let customers 
charge their batteries most of the way up in about an hour, at no cost. 

 While free fuel is a major perk of owning a Tesla electric vehicle, 
the sticker price is still a barrier to most people, at upward of $70,000. 
The good news is that Tesla is aiming to start selling a more afford-
able electric vehicle beginning in 2016 or 2017, with a target price of 
around $40,000 and a target range of about 200 miles per charge. 44  With 
the possibility of federal and state tax breaks to encourage the pur-
chase of low-emissions vehicles, this could make a long-range electric 
car affordable for a signifi cant proportion of the American public. It’s 
only a matter of time before electric vehicles become the norm, and 
gasoline-powered vehicles are perceived as Stone Age technology. 

 In the meantime, plug-in electric cars offer a practical compromise. 
These are cars with both internal combustion engines and electric 
motors. For the fi rst 40 miles or so, plug-in hybrids run on the electric 
motor and batteries, just like an electric car. After the batteries run out 
of most of their charge, these cars switch to a traditional hybrid mode, 
using a combination of the internal combustion engine and gasoline 
fuel, and the electric motor and batteries. This is a good compromise 
because it offers the effi ciency and low emissions of an electric car 
for short trips, but also includes the long range ability of hybrids or 
standard gasoline-powered cars. The Chevy Volt is the most popular 
plug-in hybrid on the market, with a 40-mile electric range. The Volt 
and the Nissan Leaf are in competition to be the most popular car with 
an all-electric option. In 2013, Chevy sold 23,094 Volts, while Nissan 
sold 22,610 Leafs. In 2014, the Leaf began to surge past the Volt in pop-
ularity and sales.  

  THE BOTTOM LINE 

 The bottom line is that the global warming predictions that have been 
the most accurate foresee very dangerous and potentially catastrophic 
climate change in the near future if we continue with our current path 
of heavy reliance on fossil fuels. We’re not talking about several gener-
ations from now; we’re currently on track to pass the global warming 
danger limit within our or our children’s lifetimes. Optimistic predic-
tions to the contrary have already proven to be inaccurate just a few 
years after they were made, and yet a significant number of people 
continue to listen to the contrarians despite their history of wrong 
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assertions and predictions. They should no longer be considered cred-
ible sources of information about climate change. 

 To avoid blowing past the danger limit, we need to start taking seri-
ous steps to reduce our greenhouse gas emissions. This will involve 
transitioning away from fossil fuel dependence toward renewable 
energy sources, alternative fuel technologies like electric cars, improv-
ing the energy effi ciency of our homes and other buildings, and gen-
erally consuming less energy. It will also require implementing some 
sort of system to put a price on carbon emissions. Right now in the 
United States, we’re allowed to pump out as much carbon pollution as 
we want for free, but even though the costs of climate change are not 
refl ected in the market price of energy, we cannot avoid paying those 
costs. 

 Some local and national governments have taken steps to put a 
price on carbon emissions, but overall our response has been inade-
quate for the task at hand. Much of the fault lies with the United States 
in particular, which is responsible for nearly 30 percent of the increase 
in atmospheric carbon dioxide over the past 150 years, nearly triple 
China’s share (the second-largest contributor to atmospheric carbon 
dioxide), despite the fact that China has four times the population of 
the United States. 45  

 As the world’s largest historical emitter, and arguably the world’s 
biggest superpower, the United States should be taking the lead by 
reducing its carbon pollution. Instead, it has been one of the slowest 
nations to act and has become a bastion of climate contrarianism and 
obstructionism. A large chunk of Americans are woefully misinformed 
about climate science (particularly the most politically conservative, 
especially those who self-identify as Tea Party members 46 ). Unfortu-
nately, climate science is viewed as a political rather than scientifi c 
subject by many Americans, who allow their political ideologies to 
cloud their perceptions when it comes to climate change. We can only 
hope this changes in the near future before it becomes too late to avoid 
catastrophic consequences. 

 Fortunately, President Obama’s Climate Action Plan and EPA 
greenhouse gas emissions regulations have been big steps in the right 
direction. California is once again leading the country on environmen-
tal issues with its own carbon cap-and-trade system. Citizens Climate 
Lobby is building up bipartisan grassroots support around the country 
and around the world for an economically benefi cial revenue-neutral 
carbon tax, and the organization is growing at an incredible rate, dou-
bling in size and productivity every year. Countries like China and 
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Mexico are taking big steps to reduce their greenhouse gas emissions, 
and European countries have long been leaders in tackling climate 
change. 

 We also already have all the technology we need to stop global 
warming. If we could just muster the will, all of the world’s energy 
could be generated from clean low-emissions renewable sources like 
wind, solar, tidal, and geothermal power. Nuclear power may need to 
be a signifi cant part of the mix as well, although at present, new nuclear 
power plant construction projects have a diffi cult time competing eco-
nomically because they usually go well over schedule and budget, and 
American taxpayers are on the hook for the very expensive bill if the 
projects default on their loans. However, if we want to avoid the most 
dangerous climate change consequences, all viable solutions need to 
be on the table, including nuclear power. These low-emissions energy 
sources can be used to fuel electric vehicles in order to produce clean 
transportation. Technologies and buildings are becoming more energy 
effi cient, which has the added benefi t of saving people money. 

 All we need is the will to deploy these climate solutions. It would 
be an easier pitch to sell if the prices of products refl ected their true 
costs, including the costs of the climate damages they cause. That 
will require putting a price on carbon pollution. Some countries and 
regions have accomplished that, but while EPA greenhouse gas reg-
ulations are an important step, a carbon price in the United States 
would be an even bigger and better one. If the costs of carbon pol-
lution were refl ected in the prices of products, it would give people 
the fi nancial incentive to reduce their greenhouse gas emissions. 
If 100 percent of the revenue generated from that carbon tax were 
returned to the taxpayers, it wouldn’t hurt people fi nancially, and 
in fact about two-thirds of Americans would receive a rebate check 
that would more than offset their higher energy costs—they would 
come out ahead. Only the biggest polluters would pay more than they 
would receive back in rebates, and the system would be good for the 
economy as a whole. 

 Denial and ideological biases are the main roadblocks to the deploy-
ment of these climate solutions. Fortunately, the rejection of climate 
science is mostly only a partisan issue in the United States. Other coun-
tries whose governments and conservative political parties fail to take 
the problem seriously, as in Canada, at least pay lip service to climate 
change. Australia is becoming another exception to the rule, with the 
Liberal Party under Prime Minister Tony Abbott outright denying and 
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rejecting basic climate science more and more as time goes on. Never-
theless, partisan rejection of climate science is relatively rare outside of 
the United States. 

 Our biggest roadblock to solving the problem lies in the fact that 
most people don’t recognize the urgency of the problem. The longer 
we wait to reduce greenhouse gas emissions, the steeper our cuts 
will need to be to stay within our allowable carbon budget and pre-
vent extremely dangerous global warming. And the longer we wait, 
the more expensive it will be. If we wait too long, eventually it will 
become infeasible to avoid the extremely dangerous climate change, 
and we’ll be stuck devoting most of our resources to limiting the dam-
age as much as possible and paying the immense costs of damages we 
can’t avoid. Time is running out. 

 Most people don’t recognize this urgency because they don’t realize 
there’s an expert consensus on human-caused global warming. When 
asked how many climate scientists agree that humans are causing 
global warming, the average American answer is 55 percent, while the 
reality is 97 percent. This consensus gap is a critical problem, because 
when people realize there’s an expert consensus on the issue, research 
has shown they’re more likely to accept the science and support taking 
action to address the problem. 

 I believe the main cause of the consensus gap is due to false bal-
ance in media coverage, with the less than 3 percent of climate contrar-
ians receiving disproportionate media coverage. Some journalists and 
news outlets are guilty of this false balance because they’re pandering 
to a politically conservative audience, and climate science is treated as 
a politically partisan issue. A paper published in the  Journal of Commu-
nication  in September 2014 found the following: 47  

  Thus, by demonstrating that media use not only reinforces cer-
tainty or uncertainty in global warming but also, in turn, reinforces 
support or opposition for policies to mitigate global warming, our 
results point to the important role of the media in advancing—or 
hindering—policymaking related to global warming. Specifically, 
our results suggest that governmental inaction on climate change 
can partially be attributed to the echo chamber created by conserva-
tive media on the issue.  

 Other journalists and media outlets are guilty of this problem because 
they don’t understand what real balance entails. Some media outlets 
think that every story needs to be “balanced” with views from “both 
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sides” and that this sort of “balance” is a sign of good unbiased jour-
nalism. In reality, if more than 97 percent of experts are on one side and 
less than 3 percent are on another, giving them equal weight  misleads 
the audience. It’s a journalistic failure. 

 Another problem is that controversy sells in the media. People are 
unlikely to read a story about yet another study or scientist confi rming 
the 97 percent consensus that humans are causing global warming. 
However, a rogue scientist or study that claims to overturn everything 
we know about how the world works makes for a juicy story. The 
problem is that it’s rare for a single scientist or study to overturn our 
understanding of an entire scientifi c fi eld. As the great scientist and 
communicator Carl Sagan said, 

  They laughed at Columbus, they laughed at Fulton, they laughed at 
the Wright brothers. But they also laughed at Bozo the Clown. 48   

 Most of the climate contrarians who are the focus of so much media 
attention bear much more resemblance to Bozo the Clown than the 
Wright Brothers. The easy way to make that determination is to look 
at the accuracy of their predictions, as I’ve done in this book. Richard 
Lindzen is my favorite example—a contrarian climate scientist who’s 
automatically considered credible by journalists because he was em-
ployed by MIT (of course, these journalists never mention that nearly 
every other climate expert at MIT strongly disagrees with Lindzen). 
Entire stories have been centered around Lindzen, and he has been 
invited to testify before the U.S. and UK governments. Yet Lindzen 
has been proven wrong about nearly every major climate statement 
he has made. He claimed that the planet hadn’t warmed significantly, 
that instead the temperature record was wrong, that it wouldn’t warm 
noticeably in the future, that changes in clouds and water vapor would 
act to dampen global warming, and so forth. Wrong, wrong, wrong, 
wrong, wrong on every count. As shown in this book, climate contrar-
ian predictions of global cooling or minimal global warming have also 
proven consistently wrong. 

 Yet even after they join politically driven organizations, Lindzen 
and his fellow contrarian outliers are still treated as credible experts 
by many in the media despite their long histories of being constantly 
proven wrong. And as long as they continue to tell conservative media 
outlets what they want to hear, and continue to provide “the other 
side” for journalists who can’t tell the difference between real balance 
and false balance, they will continue to be treated as credible experts. 
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And that’s a major problem. Our lack of action to address what may 
very well be the biggest threat humanity has ever faced can be traced 
directly back to this journalistic malfeasance. 

 Politicians don’t need to support policies to address climate change 
because their voters don’t see it as an urgent issue. The voters don’t 
see it as an urgent issue because they perceive there’s still substantial 
scientifi c debate and disagreement on the subject (the consensus gap). 
And the consensus gap exists because the fringe minority of contrar-
ians are given disproportionate coverage in the media under the guise 
of “balance.” 

 However, it’s not considered good journalism to “balance” a dis-
cussion about evolution with the opinions of a Creationist, or to talk 
to a fl at Earther after interviewing an astronaut, or to follow a dis-
cussion on the health effects of smoking by bringing on an “expert” 
who claims cigarettes don’t cause cancer. The latter example is par-
ticularly appropriate, because many of the same voices who denied or 
downplayed the link between smoking and health cancer now deny 
or downplay the links between human greenhouse gas emissions and 
global warming. Richard Lindzen is again a good example, having dis-
puted the confi dence with which we know secondhand smoke causes 
lung cancer. 49  Many who now work at political think tanks denying 
that humans cause global warming previously worked at political 
think tanks denying that smoking causes lung cancer, using the same 
tactics in both campaigns of disinformation. 

 In fact, the level of confi dence among climate science experts that 
humans are the main cause of global warming is as high as the level of 
confi dence among medical science experts that smoking causes cancer. 
The question is, when will it be considered bad journalism to “bal-
ance” the consensus view on climate science with fringe contrarian 
view the way it’s considered bad journalism to balance the consensus 
view on smoking and cancer with a fringe contrarian view? When will 
the contrarians’ history of being wrong about global warming fi nally 
undermine their credibility in the media? Former acting assistant 
secretary of the U.S. Department of Energy and climate blogger Joe 
Romm accurately described the failure of many of today’s journalists 
to consider the credibility of their climate sources: 50  

  A defining characteristic of modern journalism is a lack of judgment, 
an unwillingness—or inability—to disqualify anyone as a credible 
source on a subject no matter how thoroughly discredited they have 
been by reality.  
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 Unfortunately, as long as the media views climate science as a polit-
ical issue, contrarians will likely continue to be considered credible 
alternative voices, and the public will continue to be misinformed. 
We need political leadership to trump this journalistic malpractice so 
that the public comes to understand that climate contrarians represent 
fringe outlier views that are not supported by the full body of scien-
tifi c evidence. President Obama and a number of his colleagues in the 
Senate and House of Representatives have begun taking a leadership 
role on climate change. Senator Sheldon Whitehouse of Rhode Island 
has been giving weekly climate speeches on the fl oor of the Senate, 
and in March 2014, over 30 Senate Democrats stayed up all night in a 
marathon-speaking session devoted to climate change. 

 In the Republican Party we’ve seen some great leadership on climate 
from former representative Bob Inglis of South Carolina, economic 
advisor to George W. Bush and Mitt Romney Greg Mankiw, President 
Ronald Reagan’s secretary of state George Shultz, former Republi-
can heads of the EPA, and many others. However, climate leadership 
among Republicans currently holding offi ce in Congress has been vir-
tually nonexistent. Groups like Citizens Climate Lobby are working 
hard to change this, but so far Republicans continue to view climate 
change as a partisan issue and fear that if they do the right thing, they’ll 
face a primary challenge from an extreme science-denying opponent 
and lose their jobs. 

 We need more courageous leaders in the Republican Party like Bob 
Inglis who are willing to do the right thing even at the risk of losing 
their seats in Congress. There’s really no reason why climate change 
should be viewed as a partisan issue. Science has nothing to do with 
politics, and there are free-market, small government solutions like a 
revenue-neutral carbon tax that many conservatives support. All we 
need is a bold and courageous Republican to take the lead on this issue 
and pull his or her party out of the science-denying dark ages. That 
person would undoubtedly go down in the history books as hero. 

 It will inevitably happen eventually. As extreme weather events 
become more frequent and more damaging, more people will come to 
accept the dangerous reality of human-caused global warming. Science 
always wins out in the end because it’s based on physical realities, and 
a political platform that denies science cannot last. As astrophysicist 
and brilliant science communicator Neil deGrasse Tyson says, 

  The good thing about science is that it’s true whether or not you 
believe in it. 51   
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 The only question is how long the fossil fuel industry-funded sci-
ence denial can continue to misinform the public and buy political 
favors. Younger generations are becoming more knowledgeable about 
climate change and aware that they’ll face the brunt of the impacts 
caused by the choices of older generations. If Republicans continue to 
deny climate science and oppose solutions, they’ll lose many of those 
voters forever. 

 It may only take one visionary Republican politician to understand 
that the party must alter its position on climate change. If one such pol-
itician can succeed, it will break the monolithic climate denial among 
party leaders and prove that scientifi c realism isn’t a political death 
sentence in the Republican Party. As President Obama showed when 
he changed his position to come out in favor of gay marriage, when 
leaders lead, their supporters often follow. We also need people of all 
political stripes to help build the grassroots support that will allow a 
courageous Republican leader to take a stand in favor of science and 
protecting future generations. On that front, I can’t say enough about 
the great work Citizens Climate Lobby is doing and how proud I am 
to be part of the organization. 

 We’re very close to solving the climate problem. We have the tech-
nology needed to do it, we know the main policy we need to imple-
ment (a revenue-neutral carbon tax), we can avoid the most dangerous 
consequences if we act soon, and we’re building bipartisan support. 
If the media will just hold contrarians accountable for their history of 
being wrong and stop misinforming people with false balance in cli-
mate reporting, we may still be able to prevent the worst climate con-
sequences. All we need is an adequately informed public and the will 
to act. We’re very close to taking the path toward ensuring a stable, 
livable climate for future generations, but the window for us to take 
that path is closing.   
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