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If climate change can raise the threat of civil war, the press of population
and technology on resources is driving its own dynamic for conflict. Rare
minerals essential for advanced technology will be increasingly the focus
of competition in the coming decades, as they are now to different degrees
in the Congo, South America, and China. China itself has been seeking to
command new resources on near and far frontiers. Its efforts to control
Tibet and the eastern Uighur autonomous region have explicitly been efforts
to settle ethnically Han people, particularly military veterans, outside the
Chinese core, and the Chinese government has launched a series of efforts to
secure resources in sub-Saharan Africa. And on the other hand, despite argu-
ments that oil supplies are plentiful, the industrial West has been extremely
aggressive in securing access to oil; protecting the global flow of oil from the
Persian Gulf has been a central tenet of United States foreign and military
policy since the close of World War 1.>3

Deniers, Pessimists, and Pragmatists

On a broad front, then, climate change, population growth, and energy
resources all are already directly shaping the context of global struggle in
the decades to come. Some already claim that the wider impact of climate
change is the vehicle of a genocide by the north being perpetrated against
the global south.+ Put more scientifically, or more delicately, by E. O. Wilson
and William McKibben, we are at a “bottleneck” or a “special moment.”*s
The question is how to get through this bottleneck. Answers to this ques-
tion run across a wide gamut of public opinion. In the end they lead us to
domains beyond the formal purview of this book: politics and governance.
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Until recently, public opinion on the ecological future of the earth and
its people has been described in the terms framed by the debate between
Paul Ehrlich and Julian Simon, alarmist Malthusians and optimistic
Cornucopians. With the shift of the center of the debate from resources
to climate change, new frameworks and positions have emerged. Simon’s
cornucopianism, with its fundamental free-market-driven assumption that
a business-as-usual pursuit of economic growth could continue forever, has
shifted toward a posture of denial. The active “deniers,” about 7 percent of
the American public according to surveys, simply refuse to accept any of the
evidence that human activity has had an impact on natural climate systems.
Strongly conservative and individualistic in their worldview, deniers call the
evidence of climate change “junk science,” “a false theory,” a conspiracy, or
media hype, or they argue that any changes are simply driven by natural
forces. The deniers are supported by extremely powerful and wealthy inter-
ests entrenched in an old technology, especially the oil industry, which had
its origins more than a century ago in the Second Industrial Revolution. And
their voices have been wildly amplified by a small group of well-financed
and well-connected right-wing ideologues who have worked assiduously to
move public opinion against scientific evidence on cancer and tobacco, acid
rain, and the ozone layer, before ginning up the campaign against climate
change science.?¢

At the other end of the spectrum, separated from the deniers by a broad
body of the public inclined to see climate change as a significant if somewhat
abstract issue, the environmental “alarmists” have divided into two camps.
The time for sounding the alarm is over, and environmentalists and their
allies have had to decide on the best course of action. Very broadly they have
divided into positions of angry pessimism and concerned pragmatism.

A mood of angry pessimism hangs like a dark cloud over the scientific
world. For decades, scientists have been increasingly concerned about the
planetary future, and frustrated by the roadblocks to mitigation thrown
up by the partisans of denial in the political arena. With politicians and
entrenched interests standing in the way of change, the evidence about the
deep past and the unfolding present has mounted to support the premise
that the earth is on the brink of nonlinear catastrophic change.?” At this late
juncture, the pessimists fear, intervention is just too little too late. This angry
pessimism does not often find its way into the scientific literature, but it has
found its most powerful expression in the words of James Lovelock, whose
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insights forty years ago about the interconnections of life, atmosphere, and
the solid, moving earth have underpinned the earth systems approach that
drives modern environmental science. In The Revenge of Gaia, published in
2006, Lovelock describes the future of the earth in apocalyptic terms:

[N]ow the evidence coming in from watchers around the world brings news of an
imminent shift in our climate toward one that could easily be described as Hell: so
hot, so deadly that only a handful of the teeming billions now alive will survive. We
have made this appalling mess of the planet, and mostly rampant liberal good inten-
sions. Even now, when the bell has started tolling to mark our ending, we still talk of
sustainable development and renewable energy as if these feeble offerings would be
accepted by Gaia as an appropriate and affordable sacrifice.

Lovelock closes his book with the image of future survivors on camelback
making their way through horrific deserts to refuges north of the Arctic
Circle. But Lovelock cannot help but toy with the technological solutions
that have captured the attention and efforts of many of his environmentalist
peers and their new allies among the ranks of economists. This new body
of pragmatists, all concerned and some hopeful, are poised on the classic
pivot between Malthus and Boserup: Will the press of human numbers over-
whelm the planet, or will it drive another technological revolution bringing
those numbers into balance with the earth system? Can economic growth be
detached from demographic numbers, attached as it has been for millennia?
And can growth be detached from the environmental impacts that have fol-
lowed from human activity for those same millennia?

Paltry as they might seem to Lovelock and the pessimists, the efforts of the
pragmatists seeking a way through the bottleneck at times have seemed to
fill the news. Fully aware of the timeline of predictions of tipping points and
points of no return and the threats of abrupt change, the pragmatic approach
is driven by a calculation that many discrete efforts will add up to the neces-
sary course correction in the trajectory of the earth and its people. They are
increasingly attuned to the idea that the earth will have to be managed by
human action for a sustainable future, and that this will require the accep-
tance of a certain level of risk. And they are self-consciously thinking through
a model of human social resilience in the face of sudden climatic change.>
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The best established of these pragmatic programs, and perhaps the model
for others in other arenas, is the effort to improve living conditions in the
developing world. In a line that runs back to the nineteenth-century reform-
ers and responding to the consequences of the control of mortality, the
first pragmatist turn came in response to the earliest Malthusian concerns
about population in the postwar years. In this effort they had after 1945 a
ready-made global institution, the United Nations, which since its found-
ing has devoted a large percentage of its budget to addressing pressures on
the developing world, through programs and agencies devoted to popula-
tion, health, economic development, food, refugees, women and children,
and human settlements. Outside of the U.N., institutions such as the World
Bank and the International Monetary Fund have also had a global reach,
though often with the effect of advancing the interests of the developed
world. Private philanthropic foundations established by the beneficiaries of
the Second and Third Industrial Revolutions have also played a increasingly
important role, the long-established Rockefeller and Ford Foundations now
overshadowed by the Bill and Melinda Gates Foundation, which is putting
vast resources into innovative development projects aimed at the world’s
poorest populations, and especially into health initiatives involving malaria,
AlIDs, and childhood diseases. The U.N.’s Millennium Development Goals,
adopted in 2001, establish well-articulated plans to move aggressively to
help the poorest countries, and the poorest billion of the world’s population,
out of poverty, challenging the world’s richest nations to fund this effort
with .7 percent of their GDP, less than what has been promised — but not
delivered - in international aid.>°

Over the past ten to twenty years, entrepreneurs and engineers have joined
climate scientists in a similar pragmatic coalition to address global warming
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and the energy systems that have driven it. The technology required to
reduce greenhouse gases is advancing, driven by patriotic and pocketbook
concerns about energy independence, energy efficiency, and potential profit
as much as environmental impact. Efforts to bring this transition to the pri-
vate automobile are now advancing, with hybrid gasoline-electric vehicles
well established in the market, and electric cars beginning to hit the streets.3”
Bus fleets are being converted to cleaner-burning natural gas, and hydrogen
fuel systems could be in cost-effective production in a decade or two. Solar
and wind energy have suddenly emerged as real possibilities. While Europe
and particularly Germany are now the world leaders in solar energy supply,
solar panel arrays are being installed throughout the hotter regions of the
United States, and China has begun to dominate the world solar market
through a major, heavily subsidized campaign.?> Enormous fields of wind
turbines are an increasingly common sight across the United States, and are
becoming a significant part of the employment picture in some rural regions.
Whether these weather-dependent systems can provide the steady high vol-
ume of sustained electric power remains to be seen, however.

These efforts to limit emissions may well come up short, too little too
late, or simply fail. The result is a growing if contested interest in more
aggressive interventions into the workings of the earth system. One idea
being developed is to literally scrub CO, out of the air with chemical
machinery that would convert the carbon to quicklime. Such CO, scrub-
bers have been constructed in laboratories, and efforts are under way to
see if they can be manufactured on a real-world scale.?3 Other approaches
are more controversial, because they involve more radical geoengineering
interventions that might well lead to widely ramifying unintended conse-
quences. One solution would be to dump many tons of iron fillings into the
south Pacific to encourage blooms of algae that would ingest and sequester

31 The transition to new automotive fuels may — or not — be driven by new resources short-
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been a strategic hedge against a projected price increase. But if indeed oil supplies themselves
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CO,. Another proposal is to inject sulfate aerosols into the stratosphere to
simulate the effect of volcanic eruptions, thus cooling the earth; another
would have special ships spraying seawater to whiten stratospheric clouds.
Yet another involves positioning enormous reflectors above the atmosphere,
which would deflect solar radiation. The most extreme model so argues that
the hiatus in warming in the 1950s and 1960s was not caused by industrial
sulfates but by pulverized rock put into the atmosphere by surface testing
of nuclear weapons; the article quantifies the cost of sending daily flights to
the top of the atmosphere to spread tons of powdered limestone. The first
objection to these concepts, some of which are seen as borderline feasible,
are the unintended consequences. Overshooting the dumping of iron filings
could cool the earth climate suddenly, while imitating volcanic emissions
runs the risk of further interfering with global precipitation patterns. As
important, these technological interventions could well encourage global
powers to accept a solution of continuing high greenhouse emissions offset
by technological fixes. Such a “solution” would require century after cen-
tury of careful maintenance because shutting down such technologies while
inflated levels of greenhouse gases remain in the atmosphere would indeed
set off a hellish surge of catastrophic warming. On the other hand, having
these technologies in reserve might well be a prudent policy, because they
could be deployed in a worst-case scenario.+

Policy, however, requires politics. Shaping these technical fixes are the
political decisions that will direct the flow and structuring finances necessary
to effect change. These involve complex negotiations between global insti-
tutions and sovereign nations, which have as yet not arrived at a workable
solution, given the deeply entrenched interests at stake. As in development
and population, the center of efforts to address questions of global envi-
ronment and climate change are institutions framed by the United Nations.
First, the Intergovernmental Panel on Climate Change was established in
1988, the hot year that suddenly brought the question of global warming to
public attention, as a global consortium of scientists assessing the evidence
for climate change. Formed on the initiative of the World Meteorological
Organization and the U.N. Environmental Programme, which dated back to
1873 and 1972 respectively, the IPCC thus has roots in the late nineteenth-
century institutionalization of science and the launch of the environmental
movement after the first Earth Day. Publishing its first report in 1995, the
IPCC was formally made the advisory arm to the U.N.’s negotiating body,
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the Framework Convention on Climate Change (UNFCCC), established at
the Earth Summit at Rio de Janeiro in 1992. The Framework convention has
met annually since 1995, but the negotiations have never reached on a con-
sensus on how the leading and established economies might disproportion-
ately cut their emissions, leading toward green technology while developing
countries continue energy- and emission-intensive economic development.
The Kyoto Protocol of 1997 established a global plan to bring greenhouse
emissions 6 percent to 8 percent below 1990 levels by 2008-12; the U.S.
target of 7 percent was blocked by the U.S. Senate during the Democratic
Clinton administration and explicitly rejected by the Republican Bush
administration in 2001. In June 2009, the U.S. House of Representatives
passed the Waxman-Markey Clean Energy and Security Act, which estab-
lished a cap-and-trade system aimed at reducing U.S. greenhouse emissions
by 17 percent (from 2005) in 2020, and 8o percent in 2050, mandated the
modernization and increased efficiency of electrical systems, and advanced
support for renewable energy and electric vehicles. Under the relentless
pressure of the economic recession and a drumbeat of opposition from the
American Republican Party, this bill has disappeared from the national
agenda, as the debate over health care and then the slow economic recovery
from the 2008 crash have stifled any political momentum toward action on
climate.’s

The central and obvious roadblock to a comprehensive global agreement
lies in the perceived trade-off between economy and environment. As we
have seen, the modern history of economic expansions and interruptions
has demonstrated so far that flourishing economies — producing and con-
suming increasing volumes of electricity — produce equivalent emissions. The
United States has refused to control emissions if that would interfere with
an “American lifestyle,” and developing countries such as China have been
equally unwilling to slow their development for the sake of the environ-
ment. While the evidence from the 1987 Montreal Protocol, which banned
CFCs, has shown how effective global controls can be implemented without
serious economic consequences, the largest greenhouse contributors stand
against decisive action.

Thus a worldwide debate on practical, pragmatic solutions for the next
century hinges on the balance between economic growth and projected
climate change. The Fourth Assessment Report of the IPCC, issued early
in 2007, stands at the institutional and intellectual center of this debate.
Working Group III of IPCC was assigned the task of assessing the range of
mitigation strategies, and presenting a graduated series of options for the
Framework Convention and its member nations to consider and act upon.
The core of their report is a review of the costs of investments in technology,

35 Weart, The Discovery of Global Warming, 32-3, 142-59, 168—9, 174—5, 187-90; John M.
Broder, “House Passes Bill to Address Threat of Climate Change,” NYT, June 27, 2009.
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infrastructure, and behavior modification that would be required to bring
greenhouse gas emissions to within certain stabilization targets. They esti-
mate that keeping CO, concentrations in 2030 in the 440-485 ppm range
might shave off perhaps 1 percent of global GDP, and keeping it within 3 50—
440 ppm range might cost 2 to 3 percent. Estimates for the years 2050 are
considerably higher, as much as 5.5 percent. On the other hand, the Working
Group does not assess the costs of not acting, but suggests that action might
even increase GNP slightly, by as much as 1 percent by 2050. New estimates
posit that the costs of inaction against global warming are much higher than
previously expected; it remains to be demonstrated directly that they would
be much higher than those of action.3*

The IPCC Report, and the Stern Review issued by Nicholas Stern, climate
adviser to the United Kingdom in 2006, both present relatively cost-free
plans for addressing climate change. As revised in a 2009 book, the Stern
report is now the core of a pragmatic solution. He proposes a 5o percent
cut in 1990 emissions by 2050, with a target of ~450 ppm CO, (or 500
ppm CO, in total greenhouse gas equivalents). Developed countries would
agree immediately to reductions by 2020 and 2050, totally 8o percent of
1990 emissions; developing countries would agree to reductions in 2020.
The entire process would be governed by a global system of cap and trade in
“carbon credits” that would grow increasingly costly through time, driving
emitters to adopt improved technologies. Essential elements include success
in stopping tropical deforestation, subsidies by developed countries for the
necessary technology, and serious efforts to provide a wide range of assis-
tance to the developing world.3”

The Stern position is the essence of pragmatism. It addresses the deniers
by arguing that the costs of climate mitigation would not be too high, and
it warns the pessimists to not “disrupt the possibility of agreement in the
very near future.”3® But its premises have been strongly challenged. James

36 IPCC, “Summary for Policy Makers,” and Brian Fisher et al., “Ch. 3: Issues Related
to Mitigation in the Long-Term Context,” in B. Metz et al., eds., Climate Change 2007:
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Inter-governmental Panel on Climate Change (Cambridge, 2007), 11, 18; 197-200, 203-6,
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Social Cost of Carbon: Trends, Outliers and Catastrophes,” Economics: The Open-Access,
Open-Assessment E-Journal 2 (2008); and —, “Why Worry about Carbon? A Research
Agenda,” Environmental Values 17 (2008), 437-70; Martin Parry et al., Assessing the Costs
of Adaptation to Climate Change: A Review of the UNFCCC and other Recent Estimates
(London, 2009).
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Hansen, the director of the NASA Goddard Institute for Space Science and
one of the leading climate scientists in the United States, opened the public
climate change debate in his 1988 report to Congress. He earned his spurs as
a pragmatist during the last decade, arguing that a low-cost mitigation could
be achieved through focusing on reducing methane and black soot emissions
to zero, while allowing CO, emissions to continue relatively unabated for
several decades.® But in the past few years, following his own review of
the entire sweep of Cenozoic climate history, he has rejected the 450 ppm
target advanced by the IPCC and the Stern report, and strongly advocated
for a goal of reducing CO, to 350 ppm as soon as possible. His position is
supported by new studies focusing on the long-range impacts of highly per-
sistent atmospheric CO,. Hansen’s analysis hinges on the “tipping point”
toward a glaciated planet 3§ million years ago during the late Eocene, when
he argues that CO, dropped below a range of 450600 ppm. In this analysis,
a planet with an atmospheric CO, count of higher than 450 ppm, “if long
maintained would push Earth toward an ice-free state,” the extreme, apoca-
lyptic picture of the “angry pessimists.” Thus Hansen — with a distinguished
group of coauthors — argues strenuously that we need to return as soon as
possible to a “safe” 350 ppm level. To achieve this goal, he reiterates his
recommendations on eliminating methane and black soot emissions, recom-
mends serious efforts at reforestation, the elimination of biomass burning,
and demands that all coal emissions be sequestered or phased out. Then he
takes an initial step toward geoengineering, proposing the industrial pro-
duction of the CO, air scrubbers that now exist as prototypes. His fellow
NASA scientist Drew Shindell has advanced the argument for black carbon
reductions, combining the evidence for its unique greenhouse impact with
its adverse effects on agricultural productivity and human health.+

In the final analysis, our current circumstance needs to be seen both as a
crisis in the relation of humanity and the earth system, and as a moment in
the long-term transformation of economic systems on a scale with any of the

39 James Hansen et al., “Global Warming in the Twenty-First Century: An Alternative Scenario,”
PNAS 97 (2000), 9875-80; James Hansen and Larissa Nazarenko, “Soot Climate Forcing
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Global Warming Time Bomb,” SA (March 2004), 70-7.

4o James Hansen et al., “Target Atmospheric CO,: Where Should Humanity Aim?” The Open
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et al., Warming Caused by Cumulative Carbon Emissions toward the Trillionth Tonne,”
Nature 458 (2009), 1163-6; J. A. Lowe, “How Difficult Is It to Recover from Dangerous
Levels of Global Warming?” Environmental Research Letters 4 (2009), o14012; Malte
Meinshausen, “Greenhouse-Gas Emission Targets for Limiting Global Warming to 2°C,”
Nature 458 (2009), 1158-62; Susan Solomon et al., “Irreversible Climate Change Due to
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Science 335 (2012), 183-9.
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great ruptures of the human past. Scientists, engineers, and entrepreneurs,
the core of the pragmatic coalition, are mapping a possible path to a sustain-
able future. Quite simply, it can go one way or another. What is needed is a
new legal framework to shape the transition to a new system of energy and
the market. If an earth system crisis is averted, it will be because the politics
of economic transformation was able to unfold quickly enough to make a
difference.

Over the past 500 years, all significant epochs of economic transformation
have had a fundamentally political dimension. In each case, the state’s role in
the determination of the course of economic action made the decisive differ-
ence. European states set the conditions that launched the age of empire; the
resolution of the English Revolution in 1689 and eventually British victories
over Napoleon framed the conditions of the First Industrial Revolution; the
legal, institutional, and financial initiatives of European governments and
the United States set the conditions for the Second Industrial Revolution.+*
In each of these transitions there was a heated political struggle between the
established order and the advocates of change. It can be argued that we cur-
rently sit stalled in the midst of the Third Industrial Revolution, but that the
tools needed to address the earth system crisis are those of that third revo-
lution: an explosion of innovation and investment in an energy-technology
economy that will drive the human condition forward while maintaining the
essential integrity of the earth system. The critical lever to launch and sustain
this transformation must be the collective action of democratic governance
at the national and the international levels. There are strong indications that
the American public is beginning to understand the case for action.*

What is necessary, what all of the pragmatists are working for, what the
pessimists despair of, and what the deniers reject in antihistorical, antiscien-
tific ideological animus, entrenched interest, and a good bit of wishful think-
ing, is a global solution. We hold it in our collective capacity to address the
earth system crisis that is now upon us. That capacity must be mobilized by
an informed political will.

4t Here see Carlota Perez on the role of politics and law in the turning points of long waves,
in Technological Revolutions and Financial Capital: The Dynamics of Bubbles and Golden
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George Mason University (New Haven, CT, 2012); University of Texas Energy Poll, reported
in Mark Drajem, “Record Heat Wave Pushes U.S. Belief in Climate Change to 70%,”
Bloomberg News, July 18, 2012.



