From Michael Mann, “The Hockey Stick and the Climate Wars”

Chapter 2

Climate Science Comes of Age

The ice we skate is getting pretty thin
The waters getting warm so you might as well swim*

—Smashmouth, “All Star” (1999)

When I entered the field of climate research in the early 1990s, the
~ science was just coming of age. Major research centers around the
world were using some of the fastest supercomputers available to run
ever-more sophisticated models of Earth’s climate. Important new
observations were coming in. Thermometer measurements showed
that the globe—both land and ocean—had by that time warmed ap-
proximately 1 degree Fahrenheit over the past century. The accu-
mulated loss of ice during the previous four decades from melting
glaciers around the world could fill Lake Huron. An increasing num-
ber of climate measurements were painting a picture of a climate
that was changing in much the way models had been predicting it
would if we continued to emit greenhouse gases. By the mid-1990s,
enough evidence had accumulated to convince the IPCC, as we've
seen, that there was a “discernible human influence on climate.”
While the jury had been out when I began my studies in the early
1990s, it had come in with a judgment by the time I was completing
them in the mid-1990s. What had led to that verdict can be described
in five easy steps.

*Words and Music by GREG CAMP. Copyright © 1999 WARNER-TAMERLANE PUB-
LISHING CORP. and SQUISH MOTH MUSIC. All Rights Administered by WARNER-
TAMERLANE PUBLISHING CORP. All Rights Reserved. Used by Permission.
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Climate Change in Five Easy Steps

By the rr1.1d-.19905, scientists were able to connect the dots when it came
to establishing a human impact on our climate
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Keeling curve—going back nearly half a century. But we could go back
even farther by analyzing CO, content in samples of the ancient atmo-
sphere recovered from the layers of ice in ice cores stretching back hun-
dreds of thousands of years.

These records indicate a steady two-century—long rise in CO, con-
centrations coincident with the Industrial Revolution, culminating in
modern levels that appear unprecedented in hundreds of thousands of
years at least, long before modern humans arrived on the scene. The CO,
that was building up in the atmosphere as the Industrial Revolution pro-
gressed, moreover, had humanity’s fingerprints all over it; analysis of the
carbon isotopes indicated that the source lay in the burning of fossil
fuels. At current rates of fossil fuel burning, CO, concentrations, it was
estimated, would reach twice preindustrial Jevels within about four de-
cades. We'd potentially need to reach back tens of millions of years,
halfway to the age of dinosaurs, to find previous levels that high.

(2) Scientists also knew that this increase in atmospheric CO, (and
other trace gases produced by human activity, such as methane) must
have a warming effect on Earth’s surface. In fact, that had been known
for nearly two centuries. The esteemed French scientist and mathemati-
cian Joseph Fourier (1768—1830) is generally credited with discovery of
the warming effect of these gases. Other great nineteenth-century scien-
tists such as Ireland’s John Tyndall (1820-1893) and Sweden’s Svante
Arrhenius (1859-1927) helped work out the basic physics and chemistry.

Earth is heated from above by the Sun. The only thing keeping the
planet from getting hotter and hotter is its ability to cool off by emitting
its own invisible form of radiation (infrared radiation) to space. Certain
gases in our atmosphere such as carbon dioxide, however, impede this
heat loss mechanism by absorbing a fraction of that radiation and re-
radiating some of it back down toward the surface, rather than allowing
it to escape to space. This requires Earth’s surface to send even more
infrared radiation out to space. And that it can only do by warming up.

This effect, which in some respects resembles how a greenhouse
works, is known as the “greenhouse offect,” and the gases responsible for
it are thus termed “greenhouse gases.” The greenhouse effect is hardly
controversial. Indeed, without a natural greenhouse effect, Earth would
be a frozen planet lacking life as we know it. By increasing the concen-
trations of these gases in the atmosphere, it was only logical that we
should be further warming Earth’s surface.
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The Greenhouse Effect
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(4) By the mid-1990s, it was possible to investigate the causal mech-
anisms behind changes in Earth’s climate using relatively sophisticated
mathematical models of Earth’s climate. These models solved the same
complex equations of atmospheric physics that numerical weather pre-
diction models did. But they also took into account components of the
climate system other than the atmosphere, including the oceans, the
continental ice sheets, and even life on Earth (collectively known as the
“biosphere”), and they attempted to account for the physical, chemical,
and biological interactions among these components. Of course, no the-
oretical model is ever perfect; even the best model is only an idealization
of the actual world. There are always real-world processes that cannot be
captured—for example, in the case of a numerical climate model, indi-
vidual clouds or small-scale air currents like dust devils—that are sim-
ply too small for the model to resolve. The key question is, can the model
be shown to be useful? Can it make successful predictions?

Climate models had passed that test with flying colors by the mid-
1990s. James Hansen, in the late 1980s, successfully predicted the
continuing warming that would be observed by the mid-1990s.! Even
something the model couldn't have predicted in advance—the 1991
eruption of Mount Pinatubo in the Philippines—provided yet another
key test. As soon as the eruption occurred, Hansen put what was known
about the reflective qualities of volcanic sulfur particulates (known as
“sulfate aerosols”) into the simulations. The aerosols cooled surface tem-
peratures for several years in the model by shielding the surface from a
fraction of incoming sunlight, leading Hansen to make what turned out
to be a successful prediction of the temporary cooling that was seen
over the ensuing few years.?

(5) Finally, perhaps most significant of all, only when human factors
were included could the models reproduce the observed warming—
both its overall magnitude and, equally important, its geographical pat-
tern over Earth’s surface and its vertical pattern in the atmosphere. The
ﬁrimary such human factor was increasing greenhouse gas concentra-"""
tions due to fossil fuel burning and other human activities. A secondary
human factor, sulfate aerosols emitted from industrial smokestacks, also
played a role, however. Like volcanic sulfate aerosols, these industrial
aerosols have a cooling effect. Unlike volcanic aerosols, which reach the
lower stratosphere, allowing them to spread out into a layer covering the
globe, industrial aerosols remain confined to the lower_atmosphere,
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Hansen'’s three Projected global warming scenarios
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ence that provided the “smoking gun,” the fifth and final link in the
chain of reasoning that allowed the IPCC to declare in 1995 that there
was indeed at least a “discernible” human influence on climate.

So the case could be made by the mid-1990s—in just five easy
steps—that human activity was changing our climate. The case became
stronger over the next decade and a half as increasingly more sophisti-
cated models were developed and a wider array of data was collected
that confirmed unprecedented changes taking place in our climate. It
is fair to say, though, that even by the mid-1990s there was no longer
reason for real scientific debate over the proposition that humans had
warmed the planet and changed the climate. That conclusion was now
supported by the efforts of thousands of scientists around the world
whose work contributed to the various pillars of evidence detailed
above. What scientists were still debating with each other at scientific
meetings and in the professional journals was the precise balance of
human versus natural causes in the changes observed thus far, and just
what further changes might loom in our future.

Answers to these more specific questions were far less clear. Cli-
mate scientists could surmise that if human civilization continued to
follow its current upward trajectory of fossil fuel burning, we would
likely see a near doubling of preindustrial atmospheric CO, levels by
the mid-twenty-first century. Furthermore, we could estimate that such
an increase would lead to an additional warming of anywhere between
1.5 and 4.5° C (roughly 3-8°F).

The large spread in estimated temperature increase arose primarily
from uncertainty about the effects of so-called feedbacks, responses
of the system that can either further amplify or diminish the warming,.
Certain feedbacks are almost certainly positive, amplifying the given
effect; for example, a warmer atmosphere holds more water vapor, and
water vapor is itself a greenhouse gas, further warming the surface. The
melting of ice as Earth warms exposes more of the ground and ocean
surface. These surfaces absorb sunlight more effectively than does ice,
which further amplifies the warming. But other factors, such as how
clouds change under warmer conditions and to what effect, were highly
uncertain, and remain so still

Most models indicate a tendency for more low clouds in a warmer
climate; low clouds mimic the effect of surface ice, for example, reflecting
solar radiation back to space. Thus, in these models, clouds play the role
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of a negative feedback, diminishing the w
climate models, clouds behave differently, effectively enhancing the over-
all greenhouse effect and acting as yet another positive feedback. Repre-
senting cloud effects is perhaps the most daunting challenge for climate
models, because they occur at scales too small to capture explicitly in

the models, and their effects must therefore be represented only through
approximations.
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American, through various actions and activities, emits roughly 20
tons—the weight of two very large adult male African elephants—of
carbon per year. Globally, human beings emit the equivalent of more
than 400 million of those elephants—roughly 8.5 billion tons—of car-
bon per year. A 450 ppm stabilization target would require greenhouse »
gas emissions be brought to a peak of no more than about 9 billion tons
(450 million elephants) per year within the next decade, be lowered to
mid-twentieth-century levels of roughly 1 billion tons (50 million ele-
phants) per year by midcentury, and brought to near zero by the end of
the century, to avoid breaching 450 ppm. That is a daunting task, as
global population continues to increase, developing nations such as
China and India continue to ramp up their own emissions, and indus-
trial nations like the United States continue with business as usual.
Given the enormity of the challenge, it was convenient for some to sim-
ply deny that climate change was happening at all, especially those who
were profiting handily from civilization’s addiction to fossil fuels.

Some leading climate scientists such as NASA’s James Hansen have
argued that CO, not only needs to be stabilized below 450 ppm, but in
fact must be brought back to a level even Jower than present. Based on
geological evidence regarding ice amounts and sea levels that prevailed
in past warm climates, Hansen argues that we need to bring CO, down
to levels lower than those that persisted when 1 first entered into climate
research in the early 1990s—to 350 ppm, to be specific.® In the December
2009 climate change negotiations in Copenhagen, Denmark, a consor-
tium of low-lying island nations already threatened by rising sea levels
lobbied for such a target.” This target has even been incorporated into the
name of the grassroots climate change campaign founded a few years
ago by environmental writer Bill McKibben: 350.org. Lowering atmo-
spheric CO, concentrations from current levels would require not only
dramatically reducing emissions, but in fact making them negative—
that is, actively taking ambient CO, from the air through expensive and,
as yet, largely untested technologies such as open air carbon capture
(which attempts to suck the CO, out of the air, mimicking what plants do
naturally, but at a greatly accelerated rate and without releasing carbon
into the atmosphere as plant matter does when it dies and decomposes).

Suppose we were instead to continue with business as usual, shun-
ning efforts to curtail carbon emissions. The impacts on our civilization
and environment could be profound. By doing so, we might well be

)
\
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committing ourselves to the melting of the major ice sheets, resulting
in a sea level rise as much as sjx feet by the end of this century® and,
eventually, twenty feet or more, thus ensuring extensive loss of coastal
settlements around the world, including the East and Gulf Coasts of
the United States, and the potential disappearance of many low-lying
island nations. Many coastal regions, including the U.S. East and Gulf
Coasts, might feel the double whammy of inundation from sea level rise
and increased erosion and destruction from potentially more powerful
hurricanes fueled by warmer oceans, Increasingly widespread and se-
vere droughts would likely take hold over the major continents, in-
cluding North America, as Precipitation became increasingly inter-
mittent and moisture €vaporated more readily from warmer soils.

Many regions would likely also see increased flooding from more in-
tense rainfall events,
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boils down to this: Are we willing to roll the dice, with Earth lying in
the balance? And is it within our rights to imperil future generations
should we be wrong?

Given the wealth of scientific evidence amassed by the mid-1990s,
one might rightly wonder how there could be a viable opposing posi-
tion on controlling our carbon emissions. It was already difficult for
any scientist to credibly argue that Earth wasn’t warming, or that there
was no impact on our climate by human activity (though a few still did,
nonetheless, and still do). However, even among those who accepted
the facts of global warming, there was still an awareness that much un-
certainty exists, as we have seen. How much warming would there be?
How much of the warming that had occurred could we confidently at-
tribute to human activity? And precisely what impacts would the fore-
casted changes have on our daily lives? These were still wide-open
questions. And while we continue to refine our understanding of cli-
mate change, many of these questions remain open to this day.

Taking steps to reduce emissions to Jevels that would avoid breaching
450 ppm would have been far easier in 1995 than it is now, given that we
have emitted more than 100 billion tons of carbon into the atmosphere in
the meantime. But even then, it would have been challenging and poten-
tially costly. Those opposed to action could point to that uncertainty for
justification. Why should we engage in potentially expensive measures to
reduce greenhouse gas emissions, they could say, when the benefits are
unclear? The impacts of continued fossil fuel burning in the decades
ahead might be mild, some asserted; they might even be favorable. Back
when I was working on my Ph.D., 1 would sometimes encounter such
an argument from friends and acquaintances who knew that my re-
search, at least vaguely, had something to do with the topic of global
warming,.

In fact, | wasn't completely unreceptive to this argument at the time.
It was at least an honest, if somewhat flawed, line of reasoning. The flaw,
as | would gently point out, is that the logic could just as easily work the
other way. What if the problem was actually worse than our current
prevailing best estimates? What if the true response of the climate
instead lay at the high end of the uncertainty range? The effects in that
case could be catastrophic and the costs to civilization and our envi-
ronment incalculable. In fact, the argument was not my own. 1 had seen
it advanced by Stanford University climate scientist Stephen Sc_k[n?iﬁﬁfﬁin
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- anarticle that had left an impression on me. Schneider had used the anal
. ogy of buying an insurance policy.!2
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ability, but undeniably Catastrophic, potential outcome. It is useful to

think of climate change mitigation the same way. I find Schneider’s
analogy as compelling today as | did then.
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tinue to attack the science supporting a human influence on climate, as
they had for well over a decade.

The climate change denial campaign has always seemed to enjoy
the same advantage as the defense in a criminal trial. Those opposed to
limiting carbon emissions recognized long ago they need only cast
“reasonable doubt” to convince members of the public that it is too ex-
pensive to take action. They need not present a logically consistent case.
It suffices for them to attempt to simply pick holes in the scientific evi-
dence, however inconsequential. The greater burden lies with those
making the scientific case. They must present a case S0 persuasive that
even the most skilled artists of sophistry cannot undermine it. Critics
frequently argue that until science is able to offer proof of the reality of
human-caused climate change, it is too early to act. Yet this is a red her-
ring. Science can only ever offer weights of evidence, degrees of confi-

. ya
dence, and estimated risk. “Proof” is reserved for mathematical theo- . ~

/

rems and alcoholic beverages. y

While there has been little consistency over the years among the
various arguments climate change contrarians have made, there is
nonetheless a hierarchy to the denialist canon—what 1 refer to as the
“six stages of denial.” It goes something like this:

1. CO, is not actually increasing.

9. Even if it is, the increase has no impact on the climate since

there is no convincing evidence of warming.

_Even if there is warming, it is due to natural causes.

4. Even if the warming cannot be explained by natural causes,
the human impact is small, and the impact of continued green-
house gas emissions will be minor.

5. Even if the current and projected future human effects on
Earth’s climate are not negligible, the changes are generally
going to be good for us.

6. Whether or not the changes are going to be good for us,
humans are very adept at adapting to changes; besides, it’s
too late to do anything about it, and/or a technological fix is
bound to come along when we really need it.

w

Contrarians have tended to retreat up the ladder of denial as the sci-
entific evidence has become more compelling. With the ever upwardly
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blame for the increase,'® while Christy accepts that there is a detectable
human contribution to the warming, but argues that future warming
will be less than standard climate models project.”

Contrarians in the climate change debate, oddly enough, have been
known to jump several rungs of the ladder of denial at once. For exam-
ple, S. Fred Singer appeared to leap from warming is not occurring

(stage 2) all the way to it is warming but there is nothing we can do

about it anyway (stage 6) with the book Unstoppable Global Warming:

Every 1500 Years that he coauthored in 2006.!% » g

Yet one can still find some clinging to that lowest rung of the lad-
der, the rung I term “CO, denial” In a 2007 article in the social science
journal Energy and Environment, a high school teacher in Germany,
Ernst-Georg Beck, argued against there having been any increase in
atmospheric CO, over the past two centuries.!? It was an extraordinary
claim, given the overwhelming evidence from the work of Keeling and
others. What was the evidence that Beck pointed to? A hodgepodge of
CO, records that were either compromised by systematic errors or
taken from heavily polluted urban locations, where CO, levels are not
representative of the overall ambient global levels. Keeling's son Ralph,
a respected atmospheric scientist in his own right, charitably assessed
Beck’s paper as having “serious conceptual oversights that would have
been spotted by any reasonably qualified reviewer.”?® Other commenta-
tors weren't as kind.?!

To return to where things stood when I was completing my Ph.D. in
the mid-1990s: No serious, well-credentialed, actively publishing cli-
mate scientists could be found clinging to the lower rungs of the ladder
of denial. But you could find quite 2 few legitimately standing on the
middle and upper rungs: Yes, there is warming, and some of it almost
certainly is anthropogenic in nature. But just how much of it is due to
human activity? How much of it might simply be due to natural vari-
ability? The implications of these very legitimate questions were poten-
tially far-reaching. If the «noise”’—that is, the natural variability—was
large enough to have explained a substantial share of twentieth-century
warming, it might mean that a relatively small amount of warming
could be attributed to human influence. That would in turn imply that
the sensitivity of the climate to increasing greenhouse gas concentra-
tions might be at the lower end of the range of uncertainty. Some of this
uncertainty persists today.
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