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Geoengineering methods
to reduce global warming

» reforestation, greening of

deserts, creation of algae lakes

to convert CO2 to oxygen.

e sequestering of CO2 in deep

ocean trenches as dry ice slurry.

e space based mirror arrays

e dust and soot dust delivered

into atmosphere with high-

altitude balloons and large guns.

e aluminum powder and barium

oxide is sprayed into troposphere by commercial & private
aircraft to increase planetary albedo and cloud cover.

e ships burn sulphur to increase cloud cover, and add
iron oxide to oceans to stimulate mass plankton growth.

Tlustration by Bruce Conway - www.lightwatcher.com.Based on; Policy Implica-
tions of Greenhouse Warming Mitigation, Adaptation, and the Science Base by
M.A.S./ http://books.nap.edu/books/0309043867/html/R1.html#pagetop.



Introduction

Why are we fiddling while the Earth burns? Though the vast
majority of the world's scientific and political communities now
agree that some warming of the Earth's climate is occurring as
anthropogenic changes take place in the atmosphere, [FN1] there
is *75 equally widespread agreement that our recently renewed
efforts to mitigate its consequences are woefully inadequate. [FN2]
Notwithstanding the many proposals, [FN3] and limited progress
toward a binding climate change treaty at the recent Third Con-
ference of the Parties to the U.N. Framework Convention on Cli-
mate Change (COP3) in Kyoto, Japan (hereinafter "Kyoto Confer-
ence"), [FN4] creating effective climate change policy remains
"the most difficult negotiation anyone *76 has tried to do." [FN5]
Why?

This Article argues that the lack of success in climate change
policy stems from the exclusive focus of policymakers on various
forms of preventive regulation. Because climate change regula-
tion requires an extraordinary amount of will and coordination,
and because uncertainty, cost, equity, and other factors threaten
the effective implementation of a Kyoto-style program, a regula-
tion-only approach is dangerously myopic. Not even the most
austere post-Kyoto regulatory regime can avert a probable tem-
perature rise of 2 to 3 degrees Fahrenheit during the next cen-
tury, and most observers estimate that more politically feasible
plans will yield a rise of between 3 and 8 degrees. [FN6] Yet other
than simply doing nothing and adapting to climate change when
it happens--a potentially catastrophic strategy--what alternatives
do we have? [FN7]

In the wake of Kyoto, the time has now come to expand our
policy horizons to include geoengineering, the direct manipula-
tion of the Earth's climatic feedback system, [FN8] as a serious
alternative to ineffective and contentious regulation. Once de-
rided as science fiction, [FN9] geoengineering has lately begun to
merit serious debate in academic, [FN10] scientific, [FN11] and
econometric literature, [FN12] *77 and has gained the tentative
support of such diverse figures as Edward Teller, [FN13] Wallace
Broecker, [FN14] William Nordhaus, [FN15] and Stephen
Schneider. [FN16]

First, the science of geoengineering--though not the primary
focus of this Article--is no longer the arrogant climatologist's Tower
of Babel. [FN17] In particular, two proposals have yielded en-
couraging scientific data: the oft- maligned "Geritol cure" [FN18]-
-sowing iron filings in the ocean to stimulate the growth of car-

5



bon-consuming phytoplankton; [FN19] and the "sunscreen" pro-
posal, which *78 calls for the controlled emission of dust particles
to reflect solar radiation and incrementally cool the Earth, [FN20]
simulating the counter-greenhouse "Pinatubo Effect" measured
in the wake of Mount Pinatubo's eruption in 1991. [FN21]

From a policy perspective--which is the primary focus of this
Article-- geoengineering, though perhaps counterintuitive, should
be very attractive to both greenhouse "True Believers" and the
most ardent of skeptics. To the skeptic, and the policymaker,
geoengineering offers a relatively painless, relatively cheap alter-
native to costly and unpopular regulation. Allowing airplanes to
fly dirtier (the "sunscreen proposal") may involve some imple-
mentation and secondary costs, but compared with the economic
upheavals associated with even modest reductions in carbon di-
oxide emissions, it is a bargain, especially if implementation may
be delayed while our uncertainty about climate change lessens.
[FN22]

To the greenhouse True Believer, geoengineering offers both
hope and despair: hope for a solution to climate change, despair
at retreating from prevention as that solution. To any thoughtful
environmentalist, a Big Fix is woefully counterintuitive--it treats
symptoms, not causes, and allows the rapacious consumerism of
the West to progress unchecked. Indeed, that is what makes it
popular with skeptics. But a geoengineering policy can work. True,
it does not make the polluter pay, or halt the destruction of an-
cient forests. And, as discussed below, there are serious ecologi-
cal concerns associated with any tampering with the Earth's cli-
matic systems. *79 But because, as argued in this Article,
geoengineering avoids the pitfalls of a traditional, regulation-based
climate change strategy, the True Believer should still be con-
vinced. Climate Change "Marshall Plans," [FN23] designed to curtail
greenhouse gas (GHG) emissions, tend to fail before they begin.
Developing technology to affect the climate directly--a Climate
Change Manhattan Project-- can work.

Part II of this Article discusses in detail why the international
community lacks the will to prevent climate change. First, I argue
climate change is a uniquely absent problem: the harms from
climate change may not be present for decades, and there is real
uncertainty as to the problem's scope and magnitude. Second,
climate change is institutionally and economically difficult to ad-
dress: reduction in fossil fuel use and deforestation, the linchpins
of a successful climate change prevention strategy, [FN24] could
radically alter the economic and social fabric of "Northern" indus-
trialized countries and stunt the growth of "Southern" developing
ones. Climate change regulation is extremely expensive [FN25]
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and complex, requiring implementation, coordination, and moni-
toring by international institutions ill- equipped for such tasks.
Third, climate change is a tragedy of the commons: [FN26] it
rewards nations that cheat on agreed-upon limits, particularly
more developed nations who face a "cooperator's loss" even if
everyone cooperated fairly. Of course, it looks like we should all
benefit from stopping climate change. But a little insight shows
that the negotiation problems *80 evident at the Kyoto Confer-
ence, [FN27] and the inadequacy of Kyoto's proposed cuts rela-
tive to our present scientific data, [FN28] are the natural results
of the perverse incentives inherent in climate change regulation.
And Kyoto is just the beginning: those same incentives point to-
ward serious implementation problems yet to come.

Enter the Climate Change Manhattan Project. Part III argues
that in every place where regulation stumbles, geoengineering
succeeds. It avoids the problem of absence by offering a poten-
tially remedial solution that may be adjusted in accord with the
effects of climate change, and with a shorter lag time than pre-
ventive regulation. With secondary and social costs properly
counted, geoengineering costs less than regulation while avoid-
ing its webs of political and institutional malaise. And
geoengineering minimizes the impact of the cooperator's loss/
tragedy of the commons by not requiring international behavior
modification. Part III thus proposes that existing national and
international bodies shift their emphases from seeking to imple-
ment a climate change regulatory regime to developing a Climate
Change Manhattan Project, by means of research, funding, and
eventual implementation of geoengineering proposals.

Geoengineering is often considered a highly immodest pro-
posal, and part IV of this Article is devoted to defending the idea
against several arguments typically made against it. First, the
response to the claim that geoengineering "just won't work" is to
argue that such a claim is premature in practice and foolish in
principle. Of course, the case for any new technology is "uneasy,"
[FN29] and uncertainty will remain up until a geoengineering
project is put into place, but such uncertainty is not sufficient
reason to fail to initiate research now. Nor can we be daunted by
the prospect of vast, unforeseen secondary consequences of tam-
pering with the Earth's climate; again, it is too early to tell. Cau-
tion is wisdom--but inordinate skepticism flies in the face of a
century of technological achievement.

There are deeper concerns regarding a geoengineering policy,
however: that it is unnatural, that it destroys the very nature we
seek to create. Yet taking these objections seriously, a Big Fix
may, *81 in ultimate ecological impact, actually help more than it
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hurts: with careful and controlled implementation, it can offset
already existing anthropogenic interference with the Earth's sys-
tems.

Finally, however, it must be conceded that geoengineering runs
afoul of almost every major trend in contemporary environmen-
talism. Beyond their brute ugliness, "Geritol cures" and "Earth
sunscreens" treat shallow symptoms, not deep causes, and thus
fail to "kill two birds with one stone" as would a serious program
of combating deforestation or cutting GHG emissions. In part V of
this Article, I offer some deeper reflections on this issue. Part V
insists that it is time for environmentalists to reclaim the Big Fix,
that holists and deep ecologists must, in a Rawlsian vein, learn to
speak the pragmatic language of political discourse. If for no other
reason, they must do this because geoengineering offers hope
for solving climate change beyond the too-little, too-lates of Kyoto-
-essentially if you are one of the people who care about climate
change, you should support geoengineering, because most people
still do not care enough. But on a deeper level, geoengineering
asks environmentalists how much they value their private phi-
losophies, and how much they value the estuaries, islands, and
trees that are threatened by climate change.

In the post-Kyoto world, we need more than promises of emis-
sions cuts and tradeable permits. We need a Climate Change
Manhattan Project.



I1. Preventing (limate Change Through Regulation

A. Introduction: Will and Uncertainty

The climate change problem presents a curious pair of
phenomena: universal agreement that something bad is hap-
pening, and universal inability to stop it. Since there is consid-
erable, real controversy surrounding the extent of climate
change, it is worth beginning with what we do know. We know
the following:

1. the climate is warming; [FN30]

2. concentrations of GHGs in the atmosphere are increas-
ing; [FN31]

3.(82) the latter phenomenon theoretically can cause the
former; [FN32] and;

4. increases in the Earth's temperature are likely to have
costly effects. [FN33]

At the same time, it is worth noting what we do not know,
namely:

la. to what extent climate has changed, and is likely to
change if current trends continue; [FN34]

2a. to what extent atmospheric composition is changing as
a result of human activity; [FN35]

3a. to what extent the warming of the Earth's climate is due
to atmospheric change (anthropogenic or otherwise), and to
*83 what extent it is a natural fluctuation; [FN36]

4a. the extent to which the effects of climate change will be
adverse to human and other biological interests, [FN37] and
how those adverse effects compare to harm resulting from
other risks. [FN38]

There is thus considerable uncertainty regarding what
should be done by concerned national or international actors:
we do not know how much we are causing a problem, so we do
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not know how much to cut back. Nor is it clear how the prob-
lems associated with climate change compare to other human
and environmental crises in magnitude and urgency. Of course,
these uncertainties are garden variety environmental policy
issues; uncertainty is an intrinsic part of the policymaking
process, and thus must be taken into account in developing
effective policy responses. [FN39] But there is one more thing
about the climate change problem which is certain:

5 (*84). we have not done much about it. [FN40]

This part suggests three main accounts of the tortured
history from Rio [FN41] to Kyoto, [FN42] all of which point to
the need to take a different route on the road to come: the
absence of immediate consequences of climate change; the
costs and complexities associated with addressing it; and the
economic incentives in place that discourage cooperative action.

B. Climate Change Is an Absent Problem

Every environmental problem that has been addressed over
the last thirty years has been a present one. In the pollution-
conscious days of the 1960s and 1970s, American environmen-
tal legislation was passed in the face of rivers that burned and
air that clogged the lungs. Species protection laws and treaties
have sprung into existence in response to measurable declines
among photogenic animals such as the bald eagle, African
elephant, and rhinoceros. Even the "invisible" problem of ozone
depletion was solved after--and only after--it became a graphi-
cally present issue on the front *85 pages of prominent news-
papers. [FN43]

The adverse effects of global climate change, however,
remain a matter of prognostication because the real problems
associated with such climate change have yet to manifest
themselves. "Doomsday scenarios," such as massive flooding
and crop dislocation, remain only hypotheses based upon
scientific projection. This feature of the climate change problem
distinguishes it from previously encountered global environ-
mental issues and has at least three policy effects: denial,
discounting, and aggravated uncertainty.

First, and perhaps most obviously, the absence of any
visible effects of global warming makes the problem deniable.
Given its political appeal, it is not surprising that denial remains
the primary tactic of those opposed, for whatever reason, to
preventing climate change, [FN44] and the absence of the
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problem's effects allows this strategy to continue. In the ab-
sence of tangible effects, deniers may attack the science--and
the scientists--instead of the problem. [FN45]

Second, absent problems may be unduly discounted. It is a
*86 commonplace notion of both economics and psychology
that we discount future problems in favor of present benefits.
[FN46] For the policymaker this simple fact presents a political
dilemma: the beneficiaries of today's climate change regulation
are unborn, while the bearers of the cost are constituents.
However much as today's cost-bearers care about future gen-
erations, they are still likely to demand, at least implicitly, some
positive rate of return on the costs they bear. In general, that
demand for a return is reflected in interest rates, rates that
translate into discount rates for projects that are investments
for future generations. Finding an appropriate discount rate is
essential for crafting efficient policy responses. But, of course,
an efficient discount rate may not yield an optimal (or even
satisfactory) ecological result. [FN47]

Third, absent problems exacerbate uncertainty. As stated
above, there is some uncertainty regarding the extent to which
climate change is an anthropogenically driven problem. [FN48]
There is even greater controversy surrounding the effects of
climate change: it may indeed be a doomsday scenario, or it
may be a minor irritant. [FN49] Nor is it certain from a political
or ethical perspective how the human and ecological benefits of
a stable climate would balance against the costs of maintaining
it. [FN50] Were the climate change problem present, the ques-
tion would be largely one of measurement and interpretation;
as it currently stands, it is one *87 of measurement, interpreta-
tion, prognostication, and hedging one's bets. [FN51]

While highlighting uncertainties and denying the problem
can easily get out of hand, [FN52] the absence of any serious
effects of climate change allows such tactics to proceed in the
political arena--and should factor into more serious policy
considerations as well. Climate change is not like whales wash-
ing up on beaches; absent visible effects, it is hard to muster
political will on the basis of computer models.
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C. Climate Change Is Difficult to Address

Anyone who watched the maneuvering and horse trading at
the recent Kyoto Conference understands that climate change is
a difficult problem to address. [FN53] Indeed, the difficulties have
just begun; any regulatory regime, even one of market mecha-
nisms or "voluntary" emissions reductions, requires continued
enforcement, monitoring, and domestic approval, long after rati-
fication is complete. Yet climate change is different not only in
extent, but also in kind, from previously solved problems such as
localized pollution or global ozone depletion, presenting unique
issues of cost, equity, complexity, disagreement, and institutional
inefficiency. The nations of the world are not settling for an insuf-
ficient level of GHG reduction out of laziness; they are responding
to the intense combination of factors which makes climate change
so difficult a problem to solve.

1. Cost.

The economic cost of climate change regulation. While it is
easy to overestimate the role cost-benefit analysis can and should
play in *88 our public policy debates, [FN54] the sheer expense
of cutting back on fossil fuel use should give any thoughtful
policymaker pause. [FN55] William D. Nordhaus estimates the
cost of carbon taxes needed to yield the "optimal" GHG reduction
from uncontrolled levels of about nine percent in the near future
to fifteen percent latein the next century would begin at five dol-
lars per ton of carbon and rise to twenty dollars per ton. [FN56]
Given present carbon emissions of at least nine billion tons per
year, [FN57] such carbon taxes would carry an initial marginal
cost of forty-five billion dollars annually. Considering Nordhaus's
estimate of $5.6 trillion in total costs of unabated climate change,
taxing emissions at those rates would yield net annualized ben-
efits under certain discounting assumptions, [FN58] but only af-
ter tomorrow's uncertain benefits are realized. The taxes are paid
today.

More dramatic cuts are even more expensive. Nordhaus esti-
mates that stabilizing GHG emissions at 1990 levels, as urged by
the *89 Framework Convention on Climate Change, would require a
carbon tax starting at ten dollars per ton but rising within twenty
years to ninety dollars per ton, [FN59] at a marginal annual cost by
2015 of $810 billion, which--Nordhaus claims--yields an annualized
global loss of $762.5 billion. [FN60] In contrast, Nordhaus estimates
the net benefits of a successful geoengineering policy as $224 bil-
lion, far surpassing even his optimal regulatory regime. [FN61]
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To be sure, such calculations are not completely certain. Wil-
liam Cline, disputing Nordhaus's time horizon, discounting proce-
dure, and assumptions about population and income, argues that
much higher rates of GHG reduction are efficient--perhaps as high
as seventy-one percent reductions from 1990 baselines by 2050,
although with attendant higher marginal costs. [FN62] Cline also
surveys the estimated cost of reducing carbon emissions accord-
ing to seven different economic models. [FN63] Using varying
rates of GHG reduction and differing policy portfolios, these mod-
els yield U.S. Gross Domestic Product (GDP) losses ranging from
1.3% [FN64] to three percent (and a huge loss--eight percent of
GDP--for China). [FN65]

In addition to these considerable economic effects of carbon
taxes and similar cost-internalizing programs, it is worth thinking
briefly about the secondary effects of technological changes that
might accompany such reductions. By way of example, consider
asking citizens of the United States, by far the world's largest
emitter of greenhouse gases, to reduce their automobile use by a
mere ten percent, or put up with a minor ten percent reduction in
car performance. For some, the change would not be traumatic:
many people live in urbanized areas with adequate mass transit,
*90 and many people do not rely on, or value, automobiles at all.
But small social changes add up. Even if people value their time
only as much as they are paid for it (hardly a safe assumption),
minor inconveniences, such as longer commutes, are very ex-
pensive. If translated into lost wages, a mere fifteen minutes of
lost time per person per day, at an average hourly wage of $11.82
per hour [FN66] yields an annual cost of $740.86 per person, or
$92.6 billion across the U.S. working population. [FN67]

It is worth repeating, however, that doing nothing--even in
Nordhaus's relatively conservative model--also carries extremely
high costs: Nordhaus estimates the total cost of climate change,
if we do nothing about it, to be approximately $5.6 trillion. [FN68]
Cline, arguing that cost estimates should be made over a 200-
300 year reversal horizon, projects the cost of unabated climate
change to be $335.7 billion to the United States alone. [FN69]
Still, other "costs," such as potentially widespread ecological dam-
age in the wake of disturbed growing seasons, weather patterns,
and habitat suitability, escape calculation.

Regardless of how the cost-benefit curves actually play out,
however, we incur these costs through indecision and a failure to
act--and if recent progress towards a climate change treaty is
any indication, international actors excel at agonized indecision.
More importantly, the parties with a voice at climate change ne-
gotiations do not stand to bear the future economic impact of
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climate change. [FN70] Nordhaus's rational GHG reduction has
not been pursued, and even popular "no regrets" policies and
moderate steps *91 towards mild forms of greenhouse taxes have
been met with intense political resistance. [FN71] Obviously, the
resistance to immediate costs both generally and by concentrated
interests with vested stakes in the status quo takes the form
more of a presumptive rejection than of a balanced and rational
weighing of costs and benefits. [FN72]

The social costs of climate change regulation. The costs of
climate change regulation extend beyond primary and secondary
economic impacts, as reduction in fossil fuel use may reshape the
social fabric of both developed and developing nations. [FN73]
These social costs, while perhaps difficult to quantify, are not at
all "soft" when incorporated into the decisionmaking calculus of
the international policymaker. Moreover, since existing concen-
trations of wealth are largely a result of the most effective wealth-
maximizing activities--themselves often tied to environmentally
destructive practices--those with the most stake in the status
quo, including utilities, heavy industry and the like, will likely ab-
sorb most of the costs of a regulatory regime. Regulation, in short,
causes those with the most clout to be most opposed to mitiga-
tion efforts. [FN74] This perverse effect of the "polluter pays"
principle helps explain why ecologically effective GHG reduction
measures were not agreed to in Kyoto, notwithstanding popular
support for pursuing them. [FN75]

More generally, curtailing industry and public utilities and sug-
gesting "less is more" in societies where "bigger is better" are
quite costly propositions. [FN76] Notions of "living lightly" and
minimizing *92 environmental exploitation may indeed be desir-
able--and may possibly be necessary for other social or environ-
mental agendas--but the social costs of such efforts are not mere
societal detritus. [FN77] Consider again the American case of the
automobile. In terms of social costs, it is ludicrous to state--as
above--that Americans value their cars only inasmuch as they
are paid for the time cars save. While it is easy to mock the
"idolator of the Automobile," the political reality is that most
Americans are strongly attached to automobiles and the freedom
of mobility they represent. [FN78] It may be a worthy long-term
goal to disabuse Americans of this notion. But in the meantime,
GHG reductions are, socially speaking, nontrivial in cost. Insofar
as many people see the encroachment upon their freedom to
consume as a restriction on property rights, removing even a
single stick from the "bundle" may be seen as an encroachment
upon the whole. [FN79] A real change in consumption and trans-
portation habits would necessitate a fundamental reworking of

14



the suburbs-based American geography, which depends on in-
tensive automobile use for its structure--costs whose "hard" eco-
nomic translations we can only estimate (as attempted in the
thought experiment above). [FN80] As deep ecologists have ar-
gued for decades, serious environmentalism--at least in the cli-
mate change context--requires much more sacrifice than simply
recycling one's newspapers. [FN81]

Of course, deep ecologists may not be completely right: some
consumption-friendly steps, such as zero-emission vehicles or
alternative energy sources, may go a long way toward controlling
climate *93 change without requiring intrusive regulation or
geoengineering marvels. [FN82] Even these policies, however,
necessitate substitutions for environmentally favored goods that
have not been at all popular in recent years. [FN83] Any policy
which requires us to change our attitudes must consider whether
the cost of doing so is prohibitive.

2. Equity.

The problem of equitably distributing the costs of global warm-
ing between "Northern" industrialized nations and "Southern" de-
veloping nations further complicates efforts to address global
warming, with Southern nations objecting to their having to bear
costs of solving a problem created by the North. [FN84] Equity
also threatens to undermine supposedly efficient and wealth-
spreading means of attaining emissions reductions, such as "joint
implementation," wherein one country's emission reduction lim-
its may be offset by another. [FN85] Indeed, the "development"
language of the Rio UNCED Declaration recognized the assertion
by Southern countries that, far from shouldering extra burdens,
they should be *94 entitled to exploit the natural environment to
at least the same level as Northern countries already have done.
[FN86] Developing nations have more recently refused to accept
any new GHG emissions commitments, threatening the ultimate
success of the Kyoto process. [FN87]

It may be that equity concerns are more properly a subsec-
tion of the "costs" of climate change programs, insofar as they
may be compensated for by "bribes" paid to developing nations.
[FN88] It may also be that equity concerns will vanish of neces-
sity, as most experts believe that developing nations will bear a
disproportionate share of the harms from climate change, no
matter who caused them. [FN89] At the very least, the global
nature of climate change together with the non-global nature of
its causes immediately makes equity a central issue to be ad-
dressed in any climate change strategy. [FN90] Climate change
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regulation, however, tends to exacerbate the problem of equity:
GHG emission reduction is inconceivable if the developing world
grows and consumes at Northern rates. [FN91] A focus on pre-
ventive regulation is unlikely to inspire cooperation--or success--
among those nations well aware that they are at the short end of
the development stick.

3 (*95 ). Complexity.

Climate change is a complex problem: it is caused by the
GHG-producing activities of every human being, animal, and (dead)
plant on the planet. Unlike ozone depletion, which was attribut-
able to chemicals manufactured by a small number of parties, all
of us "manufacture" GHGs, whether by breathing, driving, using
electricity, or raising cattle. [FN92] Consequently, any effective
climate change strategy would have to include both a wide vari-
ety and a large number of emission reduction steps, with atten-
dant enforcement mechanisms to ensure that the steps are actu-
ally taken. [FN93] Nor does the enforcement problem disappear
if, as seems likely, international bodies only set targets and rely
on national or regional entities to set up actual emission reduc-
tion programs. Extensive monitoring of the tremendous number
of "polluters" will still be necessary and enforcement mechanisms
will still have to be put in place to ensure that countries continue
to meet emission reduction targets. [FN94] Both the prescription
and the enforcement of climate normalization steps will have to
be quite wide-ranging and complex.

4. Disagreement.

Divergent interests among international actors further com-
plicate climate change regulation. [FN95] Some nations--island
countries, for example--have a strong incentive to fight global
warming at any cost, while others see only limited anticipated
harms and clear benefits in maintaining the status quo. [FN96]
Even among industrialized *96 nations, interests diverge widely,
as evidenced by the gap between the European Community's ini-
tial Kyoto proposal of fifteen percent to thirty percent GHG emis-
sions reductions and the United States' initial proposal of reduc-
tions to 1990 levels by 2008. [FN97]

The exigencies of international politics play a prominent role
as well. For example, in an emissions-reductions-only world, China
is an absolutely essential "problem" player: even if every other
nation froze its GHG emissions, world emissions would rise forty
percent if China raised per capita emissions to half of U.S. levels.
[FN98] Yet, historically, China has responded in a generally hos-
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tile manner toward claims of international law and comity, and
more recently, developing nations--led by China, India, and Bra-
zil--have demanded a "pass" at Kyoto, arguing that developed
nations should reduce first. [FN99] Given China's extremely high
marginal cost of GHG reduction, [FN100] domestic coal resources,
importance as a world economic force, and unique political dy-
namic, "disagreeing" with China is an inevitable, but potentially
insurmountable, obstacle blocking negotiation of international
protocols for GHG reduction.

China is but one example, of course. The trouble with regula-
tion is that every nation's diverging set of interests has to some-
how be accommodated in one unified set of agreements--a
Herculean task, as demonstrated in Kyoto. [FN101] Nations often
have unique and *97 unexpected concerns; Australia, for example,
generally an environmental leader, opposed strict GHG emissions
limits in the Kyoto negotiations largely because of its $6.5 billion
coal export industry. [FN102] Yet because climate change regula-
tion must encompass all major producers of GHG, Kyoto-style
negotiations must in some way account for every idiosyncrasy
and still produce an enforceable outcome.

Most importantly for the post-Kyoto phase of climate change
policy, disagreements in negotiation do not simply go away once
a compromise is reached. Emissions targets are meaningless with-
out cooperation and enforcement among nations, a process which
revolves not around high-profile conventions and press releases,
but around ongoing communication and monitoring. With inter-
ests as divergent as they are in the climate change arena, focus-
ing on source reduction regulation makes meaningfully address-
ing the problem a very difficult task indeed.

5. Institutional inefficiency.

The inefficient nature of the global environmental institutions
amplifies such difficulties. [FN103] While the inefficiency of glo-
bal institutions does not by itself render a problem impossible to
solve, it does exacerbate all of the foregoing difficulties associ-
ated with climate change remediation by adding considerable trans-
action costs to the search for solutions. [FN104] Moreover, agree-
ment is only the beginning of the challenge: enforcement prob-
lems are amplified by the lack of coordination on the institutional
level. [FN105] The institutional structure amplifies disagreements,
provides "heckler's vetoes," and subsequently empowers single
nations to play to domestic pressures and not yield to consensus.
Furthermore, the lack of institutional coordination leads to ineffi-
cient replication of effort as various international entities, each
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with slightly different *98 mandates and agendas, work sepa-
rately (and sometimes at cross-purposes) on the same issue.

Scholars and politicians have offered remedies to this situa-
tion, ranging from careful calls for a global environmental organi-
zation [FN106] to less nuanced cries for "world government."
[FN107] Unfortunately, the trouble with such proposals is that
few countries want an efficient international environmental orga-
nization. Nations concerned about sovereignty fear incursions on
their territorial and national integrity. [FN108] Transnational cor-
porations fret over further encumbrances on maximizing profit.
Many environmentalists may even dislike the idea, fearing loss of
democratic participation in decisionmaking processes. The ineffi-
cient mess of international environmental policy is a mess by
design.

Attempting to legislate and enforce a climate change regula-
tory regime maximizes the problems of institutional inefficiency
because multilateral negotiations and enforcement are institu-
tion-heavy activities. As recent history has shown, they encour-
age fragmentation, inaction, and competing agendas among the
nations and non-governmental actors of the world. [FN109] Rely-
ing on inefficient international institutions for development and
enforcement of climate change regulation is a significant, but un-
avoidable, obstacle.

In sum, focusing on ways to prevent climate change maxi-
mizes all of the difficulties of cost, equity, complexity, disagree-
ment, and institutional inefficiency. Even a highly determined set
of policymakers faces considerable challenges--a fortiori a con-
sortium of reluctant national representatives meeting in Kyoto or
the myriad of bureaucrats who must meet in their wake to iron
out and enforce the details. It is possible to minimize some of
these tensions, if policymakers widen their horizons beyond tra-
ditional preventive strategies to include remedial strategies such
as geoengineering. Before turning to this discussion in part III,
however, it is worth addressing one final aspect of the climate
change policy crisis: that climate change is a tragedy of the com-
mons.

D (*99). Climate Changels a Tragedy of the Commons

The preceding two sections have discussed why we lack the
will to solve climate change as a practical problem: because glo-
bal warming is an "absent" crisis, and because it presents un-
usual technical and institutional difficulties. Yet even if we had
perfect information and no discounting of future harms, and even
if the difficulties associated with addressing climate change were
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somehow alleviated, global warming would remain, in principle, a
variant on the now-classic "Tragedy of the Commons." [FN110]

A tragedy of the commons occurs when each user of a com-
mon resource, in using that resource, reduces the value of the
resource to herself to a degree smaller than the amount of utility
she receives from the use, and reduces the value of that resource
to all users to a degree greater than the amount of utility she
receives from the use. Although each rational user has a stake in
the survival of the commons, she has a much larger stake in the
immediate gains from exploiting it. Thus, absent cooperation (en-
forced or otherwise), every rational actor will have an incentive to
deplete the commons and, realizing everyone else has the same
incentive, to do so as quickly as possible. [FN111]

The case of climate change presents an imperfect tragedy of
the commons, because international actors face varying degrees
of expected harm and benefit from their use of the common re-
source. [FN112] Some (e.g., France, Germany, and most other
developed nations) face an ordinary prisoner's dilemma, in which
they benefit from cooperative action, but would benefit more if all
other actors cooperated and they did not. [FN113] Others (e.g.,
China, and possibly the United States) face what has recently
been termed a "cooperator's loss," where some nations would
prefer no cooperation at all to universal cooperation. [FN114]
Still others (e.g., island nations) *100 while still perhaps facing
the prisoner's dilemma, expect far more serious captured harms
from climate change. At the same time, some nations have an
incentive for no action at all because most international actors
face at least as much benefit (in terms of present-day financial
gain and stability) from the status quo as harm from climate
change.

Of course, it may be possible to influence domestic public
opinion to the extent that even a nation supposedly facing a
cooperator's loss--such as the United States--may perceive its
own expected harms to outweigh its present benefits. But, in gen-
eral, most nations face so much uncertainty regarding their own
share of climate change's expected costs [FN115] that they favor
continuing to emit GHGs (or eliminate carbon sinks) rather than
hoping to receive an uncertain share of a deferred common good.
[FN116]

Negotiating and enforcing a regulatory regime for addressing
climate change is thus a matter of forcing most nations to act
against their present interests. Of course, this is true for any
contractual solution to a tragedy of the commons, from Hardin's
original grazing example [FN117] to recent efforts to preserve
fishing stocks. In contrast to such cases, where the same fishers
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or cattle owners who must agree are the parties whom the agree-
ment benefits, the actors presently doing the most harm in the
climate change case are not the same as those facing the most
benefit from mitigating climate change. On the contrary, many
private actors--whether they be extractive industries in Brazil,
American manufacturers, or any automobile driver--have a much
greater stake in preventing climate change regulation than most
parties have in achieving it.

Climate change regulation thus involves not just one "tragic"
choice, but millions. Because regulation implies changes in be-
havior, ¥*101 every individual actor participates in a tragedy of
the commons in deciding whether or not to obey regulations. If
diplomats were able to carry out the results of their negotiations
to curb greenhouse emissions by themselves, they might be able
to reach an enforceable solution. Instead, diplomats must carry
compacts back to their citizenry, demanding, for instance, that
three billion automobile owners change their daily habits for the
common good. In the latter case, the tragedy of the commons is
replayed millions of times, every day, across the globe, with tough
enforcement mechanisms needed to force this irrational choice
on every actor, every time, everywhere. Even market mecha-
nisms, which seek to compensate for these perverse incentives,
only disguise irrational choices--and as the recent history of failed
gasoline and energy taxes in the United States suggests, voters
are quite aware of the veiled costs they are being asked to bear.

Thus, even if the practical problems associated with address-
ing climate change were to vanish, and climate change were to
become more "present"” than it is now, countries facing either a
"cooperator's loss" or a "prisoner's dilemma" would continue to
be confronted with an incentive to do absolutely nothing, and
many private parties would still oppose any action.

E. Summary: Climate Change and Its Regulation

1. Effective regulation requires more will than we presently
have.

The foregoing analysis demonstrates that the problems in-
herent in climate change make Kyoto-style regulatory approaches
to climate change especially prone to failure. This is not to say
that any agreement or treaty is doomed, or that all are equally
bad; to gloss over the important distinctions between what poli-
cies have worked and what have not is, at best, unhelpful. But
any regulatory policy will have to reckon with the three sets of
problems discussed above, namely:
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1. Global warming is an absent problem, and thus deniable
and discounted. In the absence of tangible evidence, it is
politically tenable to do nothing, especially in light of uncer-
tainty regarding how much, and what type, of action is
required.

2. Global warming is a difficult problem to solve--it is costly,
unevenly distributed, complex, debatable in scope, and ill-
matched to our policymaking apparatus. A great deal of
motivation is needed, therefore, to achieve any meaningful
progress.

3 (*102). Global warming presents a tragedy of the com-
mons, so that even if international actors were prepared
and competent to act, they would have a structural disin-
centive to do so.

The paradox stated at the beginning of this Article--that cli-
mate change is potentially dangerous yet little has been done
about it--is, then, less of a paradox. We have done little about it
because we have rational incentives to do little about it. Again,
though no problem is utterly unsolvable, this troika of stumbling
blocks appears endemic to any regulatory approach to climate
change.

There are at least three remaining approaches to the climate
change problem: addressing the root causes of climate change,
doing nothing now and adapting to climate change when and if it
occurs, and trying to solve the climate change problem directly
via geoengineering. [FN118]

2. Changing deep structures is very difficult.

Perhaps, if regulation is unlikely to succeed in any serious
way given the current institutional, economic, and social con-
texts, we might try to change the deep, underlying causes of
climate change--a market economy driven by growth in goods
and populations, and the productive capability to meet consumer
demand. [FN119] Although most of the discussion of this point
will be deferred to partV, it should be clear that such changes are
very costly and contentious ones. To say there is a lack of agree-
ment on whether (and how) to remake the world's economic and
social structure is surely an understatement. Of course, progress
can take place *103 through evolution rather than revolution,
and the role of environmental education, in both shallow and deep

21



modes, should not be minimized. [FN120] Indeed, it is probably
the case that--given the variety of environmental and other is-
sues facing the world--some form of "deep reorientation,” how-
ever gradual, will eventually be necessary, absent radically new
technologies to overcome our current concerns.

Unfortunately, in the meantime, several billion people remain
committed to consumption-based lifestyles and modes of self-
definition. Changing deep structures is likely to be a difficult, time
consuming, and potentially divisive process that, while it would
alter the fundamental assumptions of present cost-benefit curves
and consequently yield some kind of "efficient" result, hardly seems
like the policy recommendation for a more urgent problem such
as global climate change. Again, though a more thorough treat-
ment of this issue must be postponed to the end of this Article, it
is clear for present purposes that a "deep structural" approach
would be at least as difficult to achieve and as "costly" as ordi-
nary climate change regulation.

3. Adapting to climate change is myopic and risky.

The polar opposite to the "deep structural” alternative to cli-
mate change regulation is adaptation: we could just wait and
see. At some point, if predictions are correct, climate change will
have disastrous effects on many people, and less costly, but still
serious, effects on many others. At that time, climate change will
cease to be an absent problem. In such a context, gaining con-
sensus on preventive regulation will probably be much easier,
particularly if some of the more dire predictions--rising sea level,
megastorms--come to pass. While we wait for such action to take
effect, it is quite possible for human beings simply to adapt to a
changing world, [FN121] whether by means of dikes, changing
agricultural patterns *104 or other methods. [FN122]

Two central problems plague the adaptation strategy. First,
adaptation is an extremely risky bet. [FN123] No sensible ecolo-
gist or economist, upon a thorough review of the relevant facts
and uncertainties associated with climate change, can legitimize a
"do nothing" solution. Even after discounting the expected harms
from climate change by our uncertainty regarding its extent, the
least risk-averse among us would still rationally choose some pre-
ventive action, [FN124] albeit in tandem with adaptive strategies.

The second problem with adaptation is that it will inevitably
force difficult choices that will likely doom many ecosystems to
destruction. Hobson's choices will abound: do we spend our lim-
ited resources on saving the rainforest from drought, or on sav-
ing Rio de Janeiro, where hundreds of thousands of people live,
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from flood? Assuming that human lives will take priority, the ad-
aptation strategy dooms rainforests, estuaries, riparian zones,
and any other ecotones that are unable to adapt or move. We
might be able to replant America's breadbasket in Canada, but
many animals--and people--cannot move to cooler climes in or-
der to save themselves. We might be able to save Miami Beach,
but the Everglades is likely sunk (perhaps literally). Adaptation
really means "let nature burn."

Unsatisfied with this hyper-Darwinian anthropocentrism, the
balance of this Article will discuss a third remaining alternative to
regulation: addressing climate change as a problem that may be
directly mitigated through technological means. To reiterate, tech-
nology is a source-reduction strategy as well as a remedial one--
and useful analyses have considered the feasibility of alternative
fuels and other less-coercive means of affecting the problem.
[FN125] But *105 this Article intends to focus on technology as it
is used in geoengineering: a non-regulatory policy of climate
change mitigation.

I11. The Political Economy of Geoengineering

A. Introduction: A Climate Change Manhattan Project

The projected insufficiency of Kyoto's emission reduction re-
gime, [FN126] and the problems of absence, cost, and incentives
discussed in part II, cry out for an alternative to our present state
of climate change policy myopia. Geoengineering--intentional, hu-
man-directed manipulation of the Earth's climatic systems--may
be such an alternative. This part proposes that, unlike a regula-
tory "Marshall Plan" of costly emissions reductions, technology
subsidies, and other mitigation measures, a non-regulatory "Man-
hattan Project" geared toward developing feasible geoengineering
remedies for climate change can meaningfully close the gaps in
global warming and avert many of its most dire consequences.

What would a Climate Change Manhattan Project look like? In
the first stage, it would consist of a shifting of existing environ-
mental agencies' climate change priorities: away from more re-
search into whether the globe is warming, away from further ne-
gotiations and unpopular incentive programs, and towards re-
search into how to solve global warming if it happens.

In some ways, this phase has already begun, as geoengineering
has moved from the pages of science fiction to respectable scien-
tific and policy journals. [FN127] One of the most encouraging
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proposals today focuses on the creation of vast carbon sinks by
artificially stimulating phytoplankton growth with iron "fertilizer"
in parts of the Earth's oceans. [FN128] Another proposal sug-
gests creating miniature, *106 artificial "Mount Pinatubos" by al-
lowing airplanes to release dust particles into the upper atmo-
sphere, simulating the greenhouse- arresting eruption of Mount
Pinatubo in 1991. [FN129] Such findings, though encouraging,
remain on a very preliminary level. Phase One of a Climate Change
Manhattan Project would be a dedicated, "serious look at
geoengineering" [FN130] by coordinated efforts in the scientific
community.

For the policymaker, the flexibility of this first phase is a key
attraction. It need not--though it may--be an international, top-
down research and development effort. It might take the form of
several "Golden Carrot" programs offering rewards to the first
private actor to develop a feasible geoengineering proposal.
[FN131] Geoengineering innovations might even spring from in-
terested "exo-national" actors, along the lines of media magnate
Ted Turner's unilateral effort to fund U.N. programs, or, given the
financial windfall I suggest awaits a successful proposal, self-in-
terested ones. [FN132]

Obviously, the devil will be in the details in this phase of a
geoengineering Manhattan Project. First and foremost, how will
the secondary environmental effects of increased atmospheric
dust, or vast phytoplankton blooms, be measured and contained?
[FN133] In the words of one geoengineering expert, "[w]e really
don't understand the climate well enough, so we don't want to
start something where the cure might be worse than the dis-
ease." [FN134]

There are also important policy questions that should be ad-
dressed *107 at the first phase of a geoengineering Manhattan
Project. How will geoengineering be funded? How will it be moni-
tored? Who will be ultimately responsible, in case secondary ef-
fects do result? [FN135] Such questions are important, but they
are questions we have barely begun to ask. Notwithstanding
geoengineering's growing popularity in many circles, the policy
discourse is still in its infancy. Dismissing the science of "ocean
laxatives" or "giant space mirrors" [FN136] now is as nonsensical
as denying humans could ever walk on the moon, or create a
workable horseless carriage. [FN137] It is also far too early to
write off geoengineering from a policy perspective, as some have
done. [FN138] Not only has there not yet been a Climate Change
Manhattan Project, there hasn't even been a Kitty Hawk.

Once the research into geoengineering has yielded feasible
results (if any), the second phase of a geoengineering Manhattan
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Project would involve the development and deployment of the
most feasible geoengineering proposal(s) to emerge from the first
phase. It is difficult to know now exactly what the Manhattan
Project would finally look like; the shape of this second phase
obviously depends entirely on the results of the first. Obviously,
some international coordinating and/or monitoring will be neces-
sary, particularly of secondary effects, though one of the advan-
tages of a geoengineering remedial strategy over a regulatory
preventive one is its relatively lower level of reliance on interna-
tional enforcement. Funding will also be a critical issue at this
second stage of a geoengineering Manhattan Project. In an ideal
world, climate change might be geoengineered away simply by
letting airplanes fly a little dirtier or by taking some similarly in-
expensive step. But more probably, some coordinated effort at
funding a geoengineering project will be necessary, and will doubt-
less be a contentious *108 process. At this point, it is premature
to debate the details--again, we have not yet begun to ask the
basic questions.

I recognize that geoengineering is a somewhat startling policy
recommendation. It seems quite unwise to monkey with the Earth's
climate, and, in any event, seems inefficient: why lime lakes to
reduce the effects of acid rain when you could just cut down sul-
fur dioxide emissions? But there are reasons why figures as di-
verse as Stephen Schneider, [FN139] Edward Teller [FN140] and
William Nordhaus [FN141] have endorsed the idea. Given today's
political and economic climates, emissions reductions alone can-
not do the job. It would be better if everyone "cared enough" to
make effective GHG reduction possible. But in a world where it is
very expensive to do so, those who do care should support a
policy that will work with those who don't.

Of course, geoengineering is not the only solution to climate
change. Kyoto- style emissions reduction packages, if imple-
mented, remain an essential component, and carry many sec-
ondary benefits as well. Nor is a Climate Change Manhattan Project
the only non-regulatory approach to climate change. Education
campaigns, for example, whether coordinated centrally or devel-
oped "bottom-up" from grassroots communities, are a potential
winner; [FN142] enough individuals who value the Earth may
well counter those who assign greater value to other goods, and
make it possible to change consumption behavior. [FN143] Popu-
lation control is another indirect approach to addressing climate
change (and most other environmental problems), particularly as
high-growth-rate nations in the developing world become more
affluent in the coming century; a world of 6 to 10 billion people
consuming at American rates *109 is a highly unsustainable propo-
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sition. [FN144] To be sure, these alternatives deserve considered
debate and action. I simply argue that geoengineering does as
well.

Geoengineering merits consideration by the post-Kyoto com-
munity because, as a policy tool, it succeeds where regulation
fails. Geoengineering the global climate is not pretty, but it has a
very appealing political economy--apparently, the prettiest policy
is not always the best one. Geoengineering minimizes the very
problems regulation maximizes: absence, difficulty, and economic
incentives. Before turning to a defense of geoengineering in part
1V, it is to these positive features that we now turn.

B. Geoengineering May Be a Remedial Solution

As suggested in part II, absent problems tend to be ignored
until they are present, especially when the costs of addressing
the problem are high. In such a case, a need arises for an ap-
proach that can feasibly be put into place when the problem in
question becomes visible. In other words, a remedial solution is
needed, rather than a preventive one.

Geoengineering is such a solution. It is remedial, not in the
sense that it allows action to be postponed until after the tides
have risen and crops have failed, but in the sense that it rem-
edies a (potentially present) problem rather than prevents an
absent one. As such, geoengineering is a matter not of prognos-
tication and prevention--as regulation is--but of diagnosis and
treatment.

Geoengineering thus minimizes many of the problems of ab-
sence that plague efforts to regulate GHG emissions. Uncertainty,
while obviously still present in any action regarding a system as
complex as the Earth's climate, is reduced when we act directly
against the problem--a warmer climate--than indirectly. The *110
problems of discounting and deniability are reduced to the extent
that geoengineering can take effect with less of a lag time than a
GHG reduction regime. Of course, the extent to which
geoengineering is a temporally remedial solution depends on the
results of "stage one" of the Manhattan project, on which engi-
neering proposal is feasible. But insofar as geoengineering can
minimize the time between sacrifice and reward, it minimizes the
discounting of that reward and the deniability of the need for the
sacrifice.

Again, it is important to emphasize that geoengineering's po-
tential to be a remedial solution should not lull us into thinking
that no action should be taken now. [FN145] In the first place,
there are many "no-regrets" regulatory and technological steps
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that should be taken in tandem with any geoengineering strat-
egy. Second, while the deployment phase of geoengineering may
take less time to have an effect than preventive regulation, the
initial research should begin without delay. Obviously, we cannot
wait until the climate has changed drastically before researching
ways to fix the problem; to the extent that the costs of "Phase
One" must be incurred today, the absence problem remains in
place. But by minimizing the uncertainties associated with pre-
dicting how much GHG reduction is needed today to have an ef-
fect in forty years, geoengineering greatly reduces the policy ef-
fects of climate change's absence. We need to develop the dental
drill now, so that it may be ready when the cavity comes, but in
political-economic terms, that is still much easier than trying to
stop eating sweets.

C. Geoengineering
Is Easier to Implement than Regulation

1. Cost: Geoengineering is cheaper than regulation.

Economic costs. Economic and scientific analyses of
geoengineering have suggested that, notwithstanding the likely
high price tag of developing and deploying a Big Fix,
geoengineering is far less costly than other climate change policy
options. [FN146] A massive seeding of the ocean's phytoplank-
ton or a periodic program of distributing particulate matter in the
atmosphere can be cheaper than simply conserving fossil fuels,
not because the geoengineering solutions are inexpensive, but
because the social and economic costs of *111 conservation are
very high. Recall from part II that the marginal cost of carbon
taxes necessary to achieve an economically efficient nine percent
GHG emissions reduction (i.e., nine billion tons less per year) is
estimated at forty-five billion dollars annually. [FN147] Stabiliz-
ing GHG emissions at 1990 levels, in contrast, would require a
carbon tax starting at ten dollars per ton but rising within twenty
years to ninety dollars per ton, [FN148] at a marginal annual cost
by 2015 of $810 billion. [FN149] Conserving is expensive.

On the contrary, and contrary to intuition, geoengineering may
not be expensive at all. Though it is far too early to hazard finan-
cial guesses, distributing enough particulate matter to equal Mount
Pinatubo's twenty million tons of dust may be done--one pro-
posal suggests--simply by modifying ordinary commercial airplanes
to fly dirtier. [FN150] Nor is the 430,000 tons of iron seeding that
is likely to be required to offset the three billion tons of carbon
that humans release into the atmosphere each year [FN151] a
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major expense; annual production of iron ore currently exceeds
900 million tons per annum. [FN152] Again, though it would be
foolish to calculate costs before research has even begun, there
is nothing about geoengineering in principle that makes it
unaffordable. Indeed, though Nordhaus gives geoengineering only
limited treatment in his work, he estimates the net benefits of a
successful geoengineering policy, if technologically feasible, at $224
billion, far surpassing his own "optimal" regulatory regime. [FN153]

Moreover, geoengineering projects carry secondary economic
benefits. A Climate Change Manhattan Project could well be a
variant *112 on the phenomenon noted in "America's Green Strat-
egy," [FN154] the short but influential argument (popularized by
public figures such as Vice President Al Gore) [FN155] that forc-
ing investments in environmentally-friendly technologies is, in the
long term, an excellent economic strategy for the United States
because such technologies will inevitably be required worldwide.
[FN156]

Alternatively, the secondary economic benefits of
geoengineering might take the form of "Golden Carrot"-type re-
wards to whomever develops a desired technology first. [FN157]
Or a Climate Change Manhattan Project may be a more benign
version of the familiar pattern of government expenditures for
military technologies (even those it does not need) in order to
keep politically valuable jobs in place. [FN158] Attack jets, after
all, are not only military equipment: they are high-paying jobs for
California voters and high-yield plums for important political play-
ers. The problem with beating swords into plowshares has been
that plowshares do not pay as well.

Some geoengineering proposals, however, may actually carry
economic benefits for the parties who develop the technologies,
and thus may more closely resemble politically attractive military
investments than politically painful restraints on economic growth.
In other words, the Big Fix may act as a plowshare but pay like a
sword.

Finally, geoengineering may be cheaper in political-economic
terms because of the relative distribution of costs among politi-
cally relevant entities. Recall from part II.C.1 that climate change
regulation *113 faced the unfortunate challenge of forcing the
most powerful members of the industrialized world to incur the
majority of the costs of GHG emissions reduction, because exist-
ing concentrations of wealth are largely a result of the most ef-
fective wealth- maximizing activities, which presently are tied to
environmentally destructive practices. Since overall growth is de-
pendent on infrastructure, and infrastructure is dependent on
greenhouse-gas-producing activities (including energy production,
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industry, and transportation), it is easy to see why those who
have the most resources (and thus, usually the most political
power) depend the most on the environmental status quo.

Geoengineering, in contrast to regulation, leaves powerful
actors and their interests relatively intact. Insofar as it does, it is
logical to conclude that a geoengineered solution will be far less
offensive to them, and thus more likely to succeed.
Geoengineering, even if it were to carry a higher immediate price
tag, would carry lower overall political-economic costs than legis-
lative solutions because the costs are relatively minor to the
distributionally advantaged actors. In terms of political economy,
playing well on Wall Street is a significant asset.

Social costs. Even if geoengineering were expensive, and even
if it were not superior to climate change regulation in terms of its
effects on elites, it may yet be the cheapest available strategy in
terms of political economy because it carries almost no social
costs whatsoever. No one need change lifestyles, take a bus in-
stead of a car, or pay more at the gas pump to combat climate
change, if geoengineering can offset the climate effects of busi-
ness as usual. Consumptive patterns of life, which the majority of
Westerners seem to enjoy, can continue unabated. [FN159] Nor
(unfortunately) does geoengineering limit destructive practices
like deforestation. [FN160] While these features may make
geoengineering less attractive to some environmental advocates,
it is not a trivial political point that no one will bear the significant
economic and/or social *114 costs of changing those behaviors.
For a policy-maker, the costs of a policy are not only the immedi-
ate financial investments or sacrifices that are necessary, they
include undesirable political and social effects of implementation.
Unlike reducing automobile use in the United States, for example,
with its avalanche of economic effects and perceived interference
with Western consumptive patterns, [FN161] seeding iron filings
in the sea and layering particulate matter in the sky carry very
low social costs. To be sure, there are "social costs" associated
with any government program, particularly one which may carry
a large taxpayer-funded price tag. [FN162] But it should be obvi-
ous that, compared with reducing fossil fuel use, geoengineering
requires very little commitment from "ordinary people." [FN163]
To the extent that this reduced burden of social costs translates
into ease of implementation, geoengineering is more likely to
succeed in the long term than climate change regulation.
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2. Equity:Geoengineering is more fair than regulation.

Ironically, geoengineering may represent savings to powerful
interests relative to the costs of climate change regulation and, at
the same time, be more fair to those at the opposite end of the
distributional spectrum. The developing world's pre-Kyoto demands
for a "pass" notwithstanding, [FN164] individuals and groups in
developing countries will almost certainly have to curtail or fore-
stall some consumption under any serious regulatory program,
sacrificing at least future benefits expected from consumption-
heavy activity. [FN165] But assuming that the wealthiest nations
pay the most for "Phase Two" of a Climate Change Manhattan
Project (recalling that this "payment" may return dividends to
those nations), costs borne by developing nations could conceiv-
ably be very low indeed.

*115 From an equitable perspective, the cost effectiveness of
engineering resembles the option of "joint implementation" un-
der the present FCCC. It allows those countries that value climate
stability more (or, under the FCCC, simply are required to reach
higher emission reductions targets) to pay the most. [FN166]
Joint implementation strategies rely on Northern countries to fund
carbon mitigation projects in the South, where they are more
cost efficient. Likewise, a Climate Change Manhattan Project would
have countries fund geoengineering projects commensurate with
their ability to do so, their valuation of climate change, their re-
sponsibility for the current problem, and/or their technological
expertise. In each of these categories, developed nations seem
more likely to respond than less developed nations. Given the
fact that developed nations are disproportionately responsible for
climate change (at least relative to population), [FN167]
geoengineering neatly works out as a "polluter pays" principle for
climate change. [FN168]

In response to this claim, some may argue that, in fact, the
developing world would not have to make many changes in a
well-negotiated climate change treaty in any case, and might ac-
tually profit from a regulatory regime to the extent that heavier
producers and exporters are restricted. [FN169] In an ideal world,
for example, India might be able to continue growing before reach-
ing its greenhouse gas targets, while the United States would
have to impose serious limits on industry, or transportation, or
other carbon-producing activities. India might then enjoy a pe-
riod in which it becomes cheaper and more profitable to invest
there than in the United States.

This equity-based argument in favor of regulation is riddled
*116 with holes. First, if past experience is any guide, it is naive
to expect such a lopsided arrangement to emerge from interna-



tional negotiation. [FN170] Countries protect their own interests,
and those with the most power do so most effectively. Surely, if
there were any real advantage to developing nations, the "North"
would fight it strenuously. The "ideal world" is one that, given the
present structure of the international bargaining arena, will never
arrive. Second, even the most pro-South arrangement would have
to impose limits either on southern population growth or carbon
production, since it is absolutely inconceivable for a regulatory
regime to succeed in a world full of Americans, with American
levels of consumption. [FN171] The equitable "ideal world" is not
only nonexistent as a matter of fact; it is inconsistent as a matter
of policy.

Geoengineering will not take any positive steps to erase in-
equalities in the world. It will not spur technology transfer to the
South, or lead to cooperative investment, or have any of the "posi-
tive side-effects" associated (perhaps) with legislative solutions
like joint implementation. [FN172] But geoengineering does not
make matters worse for the developing world, and that is far
fairer than any realistic strategy of preventive regulation, carbon
taxes, or technological substitutions.

3. Complexity: Geoengineering is administratively simpler
than regulation.

A Climate Change Manhattan Project is likely to involve con-
siderable research, intricate engineering, sustained monitoring of
complicated Earth systems, and potentially tangled sources of
money. Nevertheless, even the most complex of geoengineering
projects cannot approach the complexity of imposing international
*117 climate change regulations on five and a half billion human
beings. Pursuing geoengineering as a policy thus avoids many of
the "complexity" traps associated with regulation. [FN173]

Geoengineering effectively has one point of focus: the tech-
nological "fix" itself, in contrast to the billions of GHG emitters
targeted by regulation. Geoengineering thus makes climate change
less of a problem that can only be addressed by the coordinated
efforts of thousands of parties, and more of a problem like CFC
reduction, where it was possible to focus on a handful of produc-
ers whose interests could be co-opted. [FN174] From a political
point of view, a geoengineering plan is far simpler to implement
than trying to regulate more than five billion carbon dioxide emit-
ters.
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4. Disagreement:
Geoengineering is less contentious than regulation.

Geoengineering is less likely to create disagreement than a
regulatory regime because fewer interests are at stake: the "Geritol
cure" threatens no one's livelihood. The divergence of interests
noted in part II matters very little because few of those interests
need to be accommodated through tedious negotiation and strict
enforcement. Indeed, as geoengineering reduces the stakes vari-
ous parties have in opposing action on climate change, there may
no longer be lost profits and lost jobs to justify the opposition at
all.

Additionally, those nations that had rational incentives to op-
pose climate change regulations, given the diffuse nature of the
harms expected, have fewer reasons to oppose geoengineering.
China's staggering marginal costs from any serious regime of GHG
abatement--even constraining GHG emissions to double present
levels could cause an eight percent loss in GDP [FN175]--are no
longer relevant, as they were in a regulation-only scenario. [FN176]
A Climate Change Manhattan Project, thankfully, does not require
China, or similarly situated countries, to act against its clear na-
tional interests to abate global warming.

Finally, even those who would benefit from some GHG abate-
ment *118 may disagree about what type of regulatory regime is
best, yet geoengineering captures the common interest parties
have in avoiding global climate change and eliminates the various
incentives for and against competing regulatory regimes. There
would be no more discussion of clean coal versus dirty coal or
afforestation versus hydrogen cars since few parties stand to lose
or gain more utility than that enjoyed by the rest of the world
from a geoengineering project. [FN177] Though, of course, sev-
eral disagreements will remain (funding, whose technology is used,
etc.), many of the obstacles in the path of reaching agreement on
greenhouse gas reduction are reduced by a geoengineering project
because it requires the participation of fewer parties and the cur-
tailment of fewer interests.

5. Institutional inefficiency:
Geoengineering minimizes institutional roles.

A Climate Change Manhattan Project minimizes the institu-
tional inefficiency inherent in international policymaking bodies
by minimizing involvement of international institutions, reducing
the number of decisions, and focusing costs on a small number of
parties. Of course, funding and initial implementation of a Cli-
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mate Change Manhattan Project may still have to be negotiated
among international actors. The initial appropriations decision, if
made by an international body, will be a serious institutional com-
mitment, as will continued monitoring and coordination efforts.
Yet unlike the conflicting agendas and interests that arise in the
face of restrictions on production and consumption, geoengineering
only requires financial payments by contributing parties. More
importantly, geoengineering minimizes the need for an "interna-
tional enforcement body," [FN178] for consortia to set limits, time-
tables, frameworks, conventions, or targets, or for laborious ne-
gotiations over emission levels. Existing international institutions
are fairly well suited to most of the institutional involvement re-
quired by geoengineering, such as monitoring and funding.
[FN179] Indeed, some geoengineering projects might conceiv-
ably be undertaken unilaterally, *119 although the political and
international legal problems attending unilateral action that af-
fects the climate of the entire world are considerable. [FN180]

Geoengineering not only avoids requiring international agen-
cies to make and enforce rules; it minimizes the role of govern-
ment altogether, as compared to a regulatory regime. By relying
on technological innovation and development, geoengineering in-
creases the role of private actors relative to that of government.
Geoengineering, instead of requiring widespread enforcement of
complex and growth-threatening rules, gives private firms around
the globe a financial incentive to solve the climate change prob-
lem. [FN181] To whatever extent marshaling these sectors of the
economy is more efficient than a government program of rule-
enforcement, a geoengineering Manhattan Project is likely to be
more efficient than a regime of climate change regulation.

Note on the status of geoengineering under international law.
One vital institutional issue for geoengineering proposals is
geoengineering's status under international law, which at the
moment is unclear. Although no provision of international law
currently mentions geoengineering specifically, [FN182] some
commentators have pointed out that any unilateral or even mul-
tilateral geoengineering project might be illegal insofar as it causes
transboundary effects, beneficial or not. [FN183] Daniel Bodansky
also notes that ocean fertilization projects would be subject to
the provisions of the 1982 U.N. Convention on the Law of the Sea
[FN184] which established 200-mile exclusive economic zones
(EEZs) from which any marine scientific *120 research may be
excluded. Iron seeding may be subject to the Antarctic Treaty
System as well. [FN185] Steps that affect the atmosphere di-
rectly, Bodansky claims, are even more problematic in light of
existing laws and treaties. [FN186]
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Moreover, the response that geoengineering affects the glo-
bal commons no more than present-day GHG emitting activities
is likely to be legally unsustainable, given that geoengineering is
an intentional alteration of the Earth's climate, whereas GHG emis-
sions are unintentional. Further complicating the picture are vari-
ous soft law provisions in the Stockholm and Rio declarations,
which, although supportive in principle of any effort to mitigate
climate change, also encode into international legal understand-
ing precautions about intentional disruptions of the Earth's natu-
ral processes. [FN187] Bodansky goes so far as to suggest that
obtaining the various forms of consent needed for a serious
geoengineering program may even be more institutionally diffi-
cult than negotiating a GHG reduction treaty, particularly as
geoengineering triggers the "precautionary principle" that emerges
from international law's grappling with unfamiliar technologies.
[FN188]

These are serious and legitimate concerns. Obviously, the
easiest way to circumvent these legal restrictions is to act collec-
tively, but to do so awakens the institutional problems of collec-
tive action that geoengineering promised to avoid. [FN189] In
the alternative, it may be worth recalling that, as Michael Riesman
and others have pointed out on a humber of occasions, interna-
tional law is less a set of rules "on the books" than a process of
communication between various actors in fora that are constantly
shifting in their legitimacy and acceptability. [FN190] Certainly,
any large-scale geoengineering project *121 will take place in
the context of the political realities of this communication pro-
cess, with the interests of states likely to be taken into account
not in adjudicative proceedings but in political negotiations be-
tween parties. Given that geoengineering raises a "largely un-
precedented" set of international legal issues, [FN191] the com-
municative process of international lawmaking will likely not be
as much a matter of formal treaties as of the evolving assent of
actors in the international community. While this resolution may
not directly address the difficulty of collective action invoked by
geoengineering proposals, it is characteristic of the dialogical pro-
cess of international lawmaking, especially in the context of a
novum such as geoengineering.

D. Geoengineering Avoids the Tragedy of the Commons

Geoengineering avoids the tragedy of the commons simply by
avoiding any form of behavior modification. The decision to cheat
or cooperate is neatly reduced to the question of paying for the
geoengineering project. The difficulties associated with funding
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and implementing a Climate Change Manhattan Project, however,
are more like ordinary international negotiation issues than like
an ineluctable tragedy of the commons.

In a geoengineering scenario, those nations facing a
"cooperator's loss" [FN192] would still have no incentive to spend
any amount of resources greater than the small amount of ben-
efits they would receive. However, the disparity between the bur-
den shouldered by a nation facing a cooperator's loss and a na-
tion facing an ordinary prisoner's dilemma is much less, because
half of the equation--the difference in stake in the status quo--is
removed. Moreover, since no nation can be sure ex ante what the
present value of their costs from climate change (economic and
otherwise) will be, there is no way to know whether one is in a
cooperator's loss or prisoner's dilemma situation. At the very least,
this diminution of the stakes to each party promotes greater agree-
ment among international actors and reduces the disincentive to
cooperate.

E. Summary

To sum up the case for geoengineering's political economy, a
geoengineering policy avoids, minimizes, or inverts all of the fac-
tors*122 that make climate change regulation so expensive, and
thus so demanding of will. First, the primary cost of geoengineering
is probably lower than that of a GHG emissions reduction pro-
gram, and is certainly lower in political and social costs, both to
individuals enjoying consumptive lifestyles and power elites en-
joying profits from them. Second, geoengineering is more equi-
table than a legislative regime, given the fact that developed coun-
tries will almost certainly pay the lion's share of the cost and
because a geoengineering strategy does not limit growth in the
developing world. Third, geoengineering is far simpler than regu-
lation, requiring none of regulation’s friction- building "details work"
or enforcement mechanisms. Fourth, its greater simplicity mini-
mizes the potential for disagreement between parties. Fifth,
geoengineering avoids many of the institutional transaction costs
of climate change regulation, which, in light of the demonstrated-
-and probably intentional--impotence of international bodies, are
potentially lethal to any effort to combat climate change. Finally,
geoengineering project avoids most of the actor's dilemmas that
result in a tragedy of the commons.
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IV. In Defense of Geoengineering

A. "It Just Won't Work" / "It Will Do More Harm than
Good"

Immodest proposals should elicit skepticism. When one faces
a costly proposal involving unproven and potentially dangerous
technology, particularly when it involves interfering with a sys-
tem as complex as the Earth's climate, it is natural to expect
Babel-like failure to follow Babel-like arrogance. Geoengineering
has a checkered history, at best, from the Army Corps of Engi-
neers' choking of the Everglades to the Soviet Union's attempts
to reverse the flow of Siberian rivers to grow cotton and melt part
of the Arctic ice cap. [FN193] What if the Big Fix leaves us worse
off than we were before? [FN194]

The danger of altering the Earth's climatic systems, when we
*123 cannot even successfully maintain a tiny "Biosphere II,"
[FN195] was well expressed by the National Academy of Sciences:

Geoengineering options have the potential to affect green-
house warming