Climate Engineering in Global Climate Governance:
Implications for Participation and Linkage

Edward A. Parsch
(to appear in Transnational Environmental Daw
Abstract:

The prospect oflenate engineering
s of participation, e.g., variants of partial cooperation, unilateral action, and
hough risks of unilateral CE by small states or-state acta@ have been
dozerodd powerful states may be ablegarsue CE unilaterallyrisking
destabilization and conflict. These ristesnot limited tduture CE
ut may also be triggered by unilateral R&D, secrecy aintentions and
or assertion of legal rights of unilateral actibhey may be reducdxy
ative steps such as internationaDR&llaboration and open sharing of
CE preseshovel opportunities for explicit bargaimgrinkages within a



reduce the realized climate changes that result from elevated greenhouse gases.






understood, as are the basic engineering approaches by which it would leantpt
Consequently, it could be done today, albeit crudely, with current knowledge and
technologyNature provides clear analogues for how such interventioogd work, in
the occasionatxplosive volcanic eruptions that inject large quantities of suifa the
stratosphere-most recently the 1991 eruptionMt. Pinatubo in the Philippines, which
cooled the Earth about half a degree Celsius over the folloyeiagor two’

Research is neededgtudy the many uncertainties about how specifiar@&ventions
would work, their effects and risksincluding, crucially, the regional and seasonal
distribution of effectsPreliminary studies of these issues are underaagstly

laboratory and computenodel studies, but also a few small field experiments of
atmospheric aerosols and other propogegroaches such as ocean fertilizati&arly

efforts to createxplicit research programs are alsalerway in a few jurisdictions, as

are variousdualusé studies that investigate CE capabilities and effects, but which also
address other scientific questoo®ince much of the field researtthdevelop and inform

CE capabilities cabe done with smakcale interventions that are essentially riskless
indeed, manyroposedxperiments would resemble existing prégada smallscale

weather modification, or the inadvertent impacts of normal commercial activities such as
aviation and shipping-smallscale CE research would be hard to detect from a distance,
so it is possible that other experimental interventions hiseady beemundertaker?

For purposes of understanding their role in societal response to climate change, CE
technologies have three salient characteristics: they are fast, cheap, and imperfect.
Climate engineering is fash manageable scale of intertim by means already known,
involving one or two hundred transport aircraft in continuous operation, could cool the
Earth £2°C withina fewyears'® Consequentlyan effective intervention could be
deployed to arrest or reverse global heating even aftexs known that rapid change or
severe impacts



technologies, it is a useful approximation to consider theira=sztro? While normally

it is an advantage if a potentially desired option is cheap, in this case low cost is a double
edged sword, with two potentially destructive consequefkdes, it has deluded some
observers into a stance of naive cheerleaftinthe technologie&® This in turn has
raisedconcerns abowgxcessive reliance ddE as a complete response to climate change
—which it emphaticallycannot be, for resons noted below-further weakening the
already inadequate support for cuttemissiors. Second, CE's low cost raises problems
of control by putting it within reach of more actofdthoughl argue below that the
prospects for unilateral CE by small stabesonrstate actors ha been overstated, CE is
still more widely available than past examples of potentially destabilizing technologies,
of which the most relevant parallels are novel weapons capabilities.

Finally, CE offes only a highly imperfect corctive for the environmental effects of
elevatedgreenhouse gasegheir correction is imperfect even if only their glolaalerage
climate effect$ considered, because CE counteracts a heating that ataftits/ a
cooling at the Earth’s surface, whehe blocked sunlight would otherwise have been
absorbed. The result is that CE controls precipitation more strongly than temperature, so
a world in which CE fully offsets average greenhouse heating wouldaheliraate drier
than the starting climaté. The® globalaverage differences cascadelierse, albeit
uncertain, differences in regional and seasonal climate effdctsddition,CE does
nothing to counteract the natimate(i.e., chemical and biological) effects of elevated
CQO,, including makinghie oceans more acidic, and disrupthognpetitive relatinships
betweerdifferent types of plants with different responses to incre

These three characteristie$ast, cheap, and imperfeebutline the basic governance
and policy challenges posey GE.Considered togethehey present an acute tension:
like all technological expansions of human capabilities, CE may offer the prospect of
either large benefits — reducing the climekange risks we otherwise fae®r large
harms, depending on howis used and how it influenseelated choicesJsedprudently
and benevolently, it may bridgrge benefitof multiple forms It canprovide a
contingency response to a future climate emergency, as discussed abovalsioan



tropical oceans to block formation of the highesergy hurricane¥. But used

incompetently, negligently, or destructively, CE technologies may make matters much
worse.They thus present new needs, and new challenges, for governance and control, to
pursue the benefits and minimize the harms they hold.

3. UNILATERALISM AND MULTILATERALISM IN CLIMATE
ENGINEERING

When CE is added to the set of potential responseatatelichangeahe aspiration for

global cooperation still exerts powerful attraction, perhaps even more than when policy is
just mitigation Early discussions suggest that evgryup that takes the prospect of CE
seriously asserts the importance of broawistiltation and participation in decision

making'® But if global cooperation appears unattainable, CE requires considering a
different set of alternative configurations of participation and pemticipationthan when
climate policy is just mitigationPar



the result that any state may legalbnduct CE, on or over its own territory, or that of
other consenting states, or over the high $&as.

The reasons for this lack of legal control are unique to each treaty and instibution
generally lie in the narrowness and specificity of obligations imposetdyonmental
treaties?’ The regimes ofireatest relevance are those on stratospheric ozone depletion,
climate change, and lorrgnge air pollution. Yet the concrete obligations of the

Montreal Protocol on the ozone layer are limited to controls on the production and
consumption of listed chemicals, and do not include comprehensive controls on other
activities that affect ozorf@.Similarly, the Kyoto Protocol on climate change only limits
national emissions of siistedgreenhouse gases, and only for Partiésdisn Annex

B.?? None of the sulfubased species nowonsidered promising candidates for
stratospheric aerosol injection appear on the list of controlled substances in either of these
Treaties. National emissions ofudfur dioxide arecontrolled undethe 1999 Gothenburg
Protocol to the Convention on LofiRange Transboundary Air PollutiéhiBut this
Convention is a regional treaty whose membership includes only European nations plus
the United States and Canada, and the way the 1999 Protocol spedibieal remhission

limits only appears likely to seriously constrain participation in a CE program for the
smaller European staté5Another treaty of seeming relevance, the 18@vironmental
Modification Convention (ENMOD)prohibits largescale environmental modification,

9 within the exclusive economic zones (EEZ) of other nations and the airspace over it, the legal status of

CE activities would depend on the interpretation of certain provisions of the UN Convention on the
Law of the Sea, particularly the regime for ‘marine scientific resea®ele’A. Hubert, 'The New

Paradox in Marine Scientific Research: Regulating the Potential Environmental Impacts of Conducting
OceanScience(2011)42(4)Ocean Development & International Lapp. 32955.

For detailed discussismof the limited applicability of existing treaty obligations to CE, , see, e.g.,
Parson et aln. 3 aboveA. Ghosh & J. Blackstock, ‘SRMGI &ckgroundPaper: International’

(Background Paper for the Solar Radiation Management Goveriratiaéve, March 2011), at p. 16.
Available at:http://www.srmgi.org/files/2011/09/SRM@hternationalbackgoundpaper.pdf

Shepherd et al., n. 2 above, at p. 40; see also Ralph Bodle et al.,
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framework®! The upshot is that ocean fertilization is presently subject only t

generalized normative statements of concern urging cauttget to any legally

binding control, while other forms of Ckhcluding stratospheric aerosol injecti@me

under even less international legal contholthe specific case ofontrollingUS conduct

the legal situation is even weaker because the US is not a party to either the CBD or the
London Protocol. Consequently, even if binding controls were adopted under one of these
treaties, the Us a norpartywould not be bound by theffi

In the absence of specific treaty provisions that would constrain national CE activities,
the points of existing international law of potential relevance to CE fall into two classes:
general obligations to protect and preserve the environment that appeayitrea#as,


http://www.un.org/depts/los/convention_agreements/texts/unclos/unclos_e.pdf�

The present lack of any controlling international law, however, does not necessarily
imply a serious threat of unilateral action to develop or deploy CE technologies. The
severity of this risk will depend addihally, indeed primarily, on the distribution of
relevant state capabilities and intereBtscusing on these, one common way to express
the strategic novelty and challenge of CE has been to contrast its basic structure to that of
cutting emissionsCutting emissions is generally understood as a colleattien

problem, in which the basic strategic challenge imativate and enforce costly
contributions to a sharegbal while for CE the basic problem is to bring a widely
distributed capabilityinder ompetent and legitimate collective conti©®he recent
discussion used the vivifreerider vs. feedriver’ image to illustrate this distinction: for
effective global policy, the basic problem of emissions control is to overcomaedeze
incentives, while the basic problem of CE is to corral multiple potential drizach, able
to act aloneinto a collective decision process.

Taken to an extrem#his logic would suggest that virtually anyone cerCE—as has
beenproposed in various colorful scera of CE conducted by terrorist groups,
apocalyptic cults, or wealthy individual®But these scenarios overstate the distribution
of capabilities andhus the rislof unilateral actionbecause they focus too narrowly on
financial cost as the determinasftcapabilityand neglecother, norfinancial

requirements and constraints. To assess these other constraints, it is crucial to note that
achieving a nottrivial, sustained alteration of global climate requires contiranept

scale material inputs. The in turn depend upatelivery equipment and supporting
infrastructure—e.g., balloons, tethered pipes, aircraftships, backed up by airports,
bases, and porsthatare visible, hard to conceal, and vulnerable to military attack. This
is not to claim that even powerful states would take such military action lightly, in view
of the substantial associated costs and risks; yet such action will clearfe&sble
response for some states under some conditions, if they gmadgieer state’s CE actions

to threatertheir vital interests anddave been unable to stdghrough other means.

In view of the possibility of such military interdictionpilaterally achieving a climate
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controllability, includng more dimensions for control of interventions, will increase the
potential for opposed interests.

Moreover, he discussion thus far may undstate the prospects for opposition, because it
assumes some rational process of forming nationally aggreigéteetsts, based on
realizedor projected climate effegtwith each regiorviewing itsrecentclimate as ideal.

But any of these assumptions might not hold. State interests could be driven by smaller
scale patchiness of climate effects within countaied resultant domestic political

conflict. Alternatively,climate preferences might shiib response to realized climate
changes or to recognition of the possibility of intentional climate cqorsugch that

regions’ present climate is no longer judged idézthte interests in CE might also be
dominated by nomonsequential or norational processese.g., religious or symbolic
commitments, general technological optimism or pessimism, or generalized suspicion
about other states’ intentianBo the extenthese other processes show strong regional
variation, they could further increase the possibility of kstate conflict over CE.

From this sketch of potential state capabilities and interests itwOHargescale
implications can be drawn about latéralism in CE. On the one hand, major powers
such as the United States are likely to face significant temptations to unilateralism—i.e.,
to develop CE capabilities unilateraltp,conceal information about plans, research

results and capabilities, atal act diplomatically to preserve a unilateral right of action.
On the other hand, such unilateral actions are likely to be dangerous and disruptive to
international stability.

Temptations tanilateralism may arise froseveral factorsThe scientificand technical
challenges of doing CE welti.e., developing higtbenefit, lowrisk interventions—are
sufficiently large thatich, scientifically advanced nations are likely to have substantial
advantages in developing thentiéhtific and government eliteés such nations may be
confident of these advantagesd mayalsobe confident—perhaps oveconfident—of
their ability to persuade others to their view of. CEemptatiors to unilateralism may be
exacerbated by anticipation of economic benefits if CEarehproduces private
intellectual property They may also be exacerbatgdthe polarizatiorf early debates
on
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Yet unilateral pursuit of CE is likely to carry serious risks, which fdBow from the

same observations about the likely distribution of state capabilities and int&rests
ability to develop CE capability, and even to deploy it, will not be limited to therd&®
any single state. Other world powers can do it, possibly just as well; and even if some
leading state achieves a technological breakthrough—a@.gpproach that is cheaper,
safer, or more controllableless advancedpproaches camake similarly large climate
perturbations, albeit more crudelyther states can also assert the same legal arguments
for a unilateral right of actianindeed, states with programs of regional weather
modification may be favorei advancinghese arguments, due to the blurry line
betweerthese activities, which clearly ligithin their sovereign authority, and early CE
developmentWith both capabilities and potential justifications broadly distributed, at
least among major powers, unilalgearsuit of CE by any world power, including the
US, would risk others deciding to do the same; and once any major power decided to
pursue this course, attempting to stop them would be difficult and risky.

Moreover, states are likely to perceive strong interesihether and how other states

pursue CE, not just at the deployment stage but also from early unilateral steps to develop
capabilities that might make future deployment more likely. As discussed abeve, t
severity of theseisks will depend on how states’ future interests in CE are aligned or
opposed. Bugiven current uncertainties about CE capabilities and effects, these interests
might be subject to some degree of influetegarticular, states’ perceived interests

may form in part reactivg, in response to earlycts by other states that signal either
anticipatedivalry or cooperatiorover CE Thus, arly unilateral acts by a major state
including development of capabilities, secrecy about intentions, or aggressive declaration
of rights d action—may induceothers to perceive CE as predominantly rivalrous and to
pursue similar acts, either because they interpret these acts to indicate hostile or rivalrous
intent or because they infer from these acts that it is valuable to have an inde@hde
capability.Conversely, early signals of cooperation and openness may have the opposite
effect, steering other perceptions and choices toward cooperati@wmen theuncertain

and labile nature of future CE capabilities, saobperative early moveasay even

influence the direction in which future capabilities are develojeedhrd those that pose

less risk of conflict.

In sum, bllowing a unilateral course in climate engineerfigcluding not just eventual
deployment, but also early steps to punsgsearch and development alone, maintain
secrecy about capabilities and results, and reserve unilateral legaHiglats

superficially tempting but dangerous course of ac¢tionthe United States and other

major powersStates should anticipate andisethese temptations and instgadsue a
cooperative approadb CE Such an approach could start immediatefyh informal
consultations on research programs, agreement on common standards for transparency,
and joint development of assessment fram&a/btA cooperative approach need not
involve universal participation, but could start with only the doz@d-nations likely to

Technology, Washington, 5 November 2009. Availablé&p://www.gpo.gov/fdsys/pkg/CHRG
111hhrg53007/pdf/CHR@11hhrg53007.pdfat pp. 3941; see als®arson & Keith, n. 6 above
Parson & Keith, n. 6 above
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be most interested in developing CE and most able to pursue it unilatiralbp need

not await a comprehensive climate ragi By building cooperation and transparency on
CE while the stakes are relatively low, such early cooperation may help build norms for
cooperative management of Gihich would then bavailable to help resolve the more
challenginggovernanceroblems raged by future proposals for operational interventions.

4.C
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credible capacity to act unilateraligven if the group nominally participating erdet
These states are roughly the same group of major economies
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otherwise anticipatedwhen the prospect of ¢he worseclimate harms ipresently
failing to provide adequate motivation for mitigation.

This scenario is not completely implausiti@wever, but could come about under

various assumptionselated tauncertain CE effects or namational decisiormaking.

For examplefuture CE use could be perceivedaagamble carrying risk of outcomes
worse than uncontrolled climate chanduture decisiormakers regard CE as likely to
improve matters on average, but have not learned enough to be fully confident it will not
worsen harms, they might still fawdeploying it as a desperate measuthénface of

severe climate changeooking ahead to this possibility, current decisimaakers might

be motivated to greater mitigation efforts to avoid this awful future choice. Alternatively,
the prospect of depying CE might somehowain more saliency or mobilize more

horror about the severity of human disruption of the global environment than severe
climate change alonét first glance, these eventualities appear barely plausible—
suggesting this scenario is ikaly to motivate much strengthening of néam
mitigation—but cannot be completely dismissed.

The second scenariogierse linkage would reverse the contingency relationship
between mitigation and future CE use from that in the plan B scehbuiter this
scenario, states wouldiptly agree to withhold CEno matter how severe the climate
impacts occurring or anticipateagnless states had achieved s@geeedevel of
acceptable performance outting emissionsThis scenari@dmittedly requires some
suspension of disbeligfget is still instructive to explore

The linkage in this scenario would aim to motivate states cut emissaolysto avoid the
prospect of facing severe future climate change without acc&4s to moderate the
impacts.The mat obvious difficulty withthe scenario is credibility: how could a threat
to refuse CEn response to some fu
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At the same time gattime linkage could make CE less politicaflyplosive, both
because its deployment would be limited in intensity or spatial extent (albedtcaiso
earlier, when it is arguably not “needed’m@nage an imminent climate crisiapnd
crucially, because parallel enactment of mitigation @&dvould address the strongest
concernabout harmful effects of CHpat it may undermine mitigation incents/e
Moreover, concurrent linkage would enhance the credibility of nations’ mitigation
commitments, because ongoing agreement and authorization to-dwiiiéh states
would presumably want to continue because of theirtn@a riskreduction benefits-
would depend on continuing mitigation effort, with performance verifigpbé by year.
In sum, this scenario would link the two responses both' or neithérpolitical bargain,
under which opponents of both mitigation and €€htolerate the response they oppose
because its scale, cost, and risks are limited by parallel pursuit of the respmpynfseor.
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participating in decisions on
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governance questionghen these arisén this early
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and oversight of interventions underway, to scan for unanticipated risks and modify or
stop interventions as need&But in this casethese decisions would have to be

addressed earlier, under even more uncertainty about effects, and absent the potentially
unifying factor of a widely perceived climate crisis.

The effectiveness and risks of these linkbgsed strategies will depend on several

points of uncertainty, suggesting different priorities tG&nhresearch haargeted thus

far. First,in view of the apparent strategic and bargaining advantages of the alternative,
nearterm modes of CE usegsearch into methods, effects, risks, and management of
these would be valuable in addition to research on the longer

22



