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Article

The Missing Pieces of Geoengineering
Research Governance

Albert C. Lin'

INTRODUCTION

Geoengineering research is at a crossroads.’ With growing
urgency, scientists have expressed interest in moving beyond
computer modeling and laboratory trials.” However, recent ef-
forts to conduct field experiments have encountered strong op-
position. The intensifying controversy points to the need to es-
tablish a system of geoengineering research governance. Two
research projects that received substantial media attention—
the Stratospheric Particle Injection for Climate Engineering
(SPICE) project, and an ocean fertilization experiment spon-
sored by a native Haida village in British Columbia—illustrate
the concerns that geoengineering field research raises.

The U.K. Research Councils commissioned the SPICE pro-
ject in 2010 to investigate the potential release of aerosols into

T Professor of Law, University of California Davis School of Law.
Thanks to Dean Kevin Johnson, Associate Dean Vik Amar, and the U.C. Davis
School of Law for financial support for this project, to Jesse Reynolds, Wil
Burns, and participants at the Climate Engineering Conference 2014 and the
Berkeley Environmental Law Colloquium for their thoughtful questions and
comments, and to Rebecca LaGrandeur Harms for her research assistance.
Copyright © 2016 by Albert C. Lin.

1. Geoengineering is a catch-all term for various proposed climate
change policy responses that do not constitute reduction of greenhouse gas
emissions or adaptation. See Albert C. Lin, Geoengineering, in GLOBAL CLI-
MATE CHANGE AND U.S. LAW 715, 715 (Michael B. Gerrard & Jody Freeman
eds., 2d ed. 2014); see also infra Part I.A (defining geoengineering and discuss-
ing examples).

2. See, e.g., NAT'L RESEARCH COUNCIL, CLIMATE INTERVENTION: RE-
FLECTING SUNLIGHT TO COOL EARTH 152 (2015) (recommending development
of a research program on methods to modify the Earth’s reflectivity, including
small-scale field experiments); Jane C.S. Long et al., Start Research on Cli-
mate Engineering, 518 NATURE 29, 30 (2015) (urging commencement of small-
scale outdoor experiments).
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the stratosphere to block solar radiation.’ The project originally
involved a modest field component in addition to desk-based
and computer modeling work.’ In the field component, scien-
tists planned to spray 150 liters of water from a tethered bal-
loon and to observe the contraption’s movements under varying
wind conditions.” The experiment would have blocked virtually
no solar radiation and carried little if any physical risks.’ Fur-
thermore, the experiment was subject to typical university re-
search oversight as well as additional review by a panel of sci-
entists and social scientists.” Two key concerns nonetheless led
to the field experiment’s cancellation.® First, several project re-
searchers had filed a patent application for the experimental
mechanism, prompting objections regarding their motives.’ Se-
cond, and more importantly, critics worried that the experi-
ment signified a growing commitment to geoengineering de-
ployment.” In contrast to the investigation of basic scientific
principles, research regarding a specific geoengineering tech-
nique takes place with an operational objective in mind: de-
ployment of the technique. Hastily moving forward with re-
search, it is feared, could enable eventual deployment without
sufficient public discussion or informed deliberation by policy
makers."

3. See Aims and Background, SPICE, http://www.spice.ac.uk/about-us/
aims-and-background (last visited Apr. 16, 2016); see also Nick Pidgeon et al.,
Deliberating Stratospheric Aerosols for Climate Geoengineering and the SPICE
Project, 3 NATURE CLIMATE CHANGE 451, 452 (2013). Aerosols are minute par-
ticles suspended in the atmosphere. See Atmospheric Aerosols: What Are They,
and Why Are They So Important?, NASA, http://www.nasa.gov/centers/langley/
news/factsheets/Aerosols.html (last updated July 31, 2015).

4. Pidgeon et al., supra note 3.

5. See David E. Winickoff & Mark B. Brown, Time for a Government Ad-
visory Committee on Geoengineering Research, ISSUES SCI. & TECH., Summer
2013, at 79, 80; see also Pidgeon et al., supra note 3.

6. See Winickoff & Brown, supra note 5; see also Pidgeon et al., supra
note 3.

7. See Phil Macnaghten & Richard Owen, Good Governance for
Geoengineering, 479 NATURE 293, 293 (2011); Winickoff & Brown, supra note
5. This additional “Stagegate” review included a deliberative workshop with
selected members of the public to gauge their response to the field experiment.
Pidgeon et al., supra note 3.

8. See Winickoff & Brown, supra note 5; see also Jack Stilgoe et al., Pub-
lic Engagement with Biotechnologies Offers Lessons for the Governance of
Geoengineering Research and Beyond, 11 PLOS BIOLOGY, no. 11, 2013, at 1, 2—
5.

9. See Winickoff & Brown, supra note 5.

10. See id.; see also Stilgoe et al., supra note 8, at 3.
11. See Stilgoe et al., supra note 8, at 5.
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In the Haida experiment, the Haida tribe provided finan-
cial backing for an American businessman, Russ George, to
dump over 100 tons of iron powder into international waters off
the British Columbia coast.” The Haida hoped that fertilizing
the oceans with iron would stimulate the growth of plankton
and in time boost the local salmon fishery.”” However, George’s
comments and his history of promoting geoengineering re-
vealed a further, more controversial motive: to test whether
ocean fertilization can sequester carbon from the atmosphere."
Once George publicly announced what he had done, experts ex-
pressed grave concerns.” The experiment not only lacked prop-
er measurement and controls, but also took place without for-
mal international sanction.' Although it is contested whether
the experiment violated domestic or international law, the inci-
dent triggered a Canadian government investigation, as well as
allegations that the Canadian government itself was complicit
in the experiment.”” The controversy has magnified the reluc-

12. See David Biello, Can Controversial Ocean Iron Fertilization Save
Salmon?, SCI. AM. (Oct. 24, 2012), http://www.scientificamerican.com/article/
fertilizing-ocean-with-iron-to-save-salmon-and-earn-money.

13. See Joshua Learn, Are Record Salmon Runs in the Northwest the Re-
sult of a Controversial CO2 Reduction Scheme?, E&E PUB. (Nov. 12, 2014),
http://www.eenews.net/stories/1060008722.

14. See Henry Fountain, A Rogue Climate Experiment Has Ocean Experts
Outraged, N.Y. TIMES, Oct. 19, 2012, at A1l (noting that George had previously
proposed a similar iron fertilization project for the purpose of selling carbon
offsets); Mark Hume & Ian Bailey, Businessman Russ George Defends Experi-
ment Seeding Pacific with Iron Sulphate, GLOBE & MAIL (Oct. 19, 2012), http:/
www.theglobeandmail.com/news/british-columbia/businessman-russ-george
-defends-experiment-seeding-pacific-with-iron-sulphate/article4622528/  (re-
porting George’s statements that “he is out to save the world’s oceans and
demonstrate how to halt global warming”).

15. See Fountain, supra note 14. The Haida experiment followed earlier
and similarly controversial ocean fertilization experiments. See Aaron Strong
et al., Ocean Fertilization: Time To Move On, 461 NATURE 347, 348 (2009).

16. Edward A. Parson & David W. Keith, End the Deadlock on Govern-
ance of Geoengineering Research, 339 SCIENCE 1278, 1278 (2013).

17. See Joshua Learn, Legal Mess Hampers Understanding of a Major
CO2 Sequestration Test, E&E PUB. (Nov. 13, 2014), http://www.eenews.net/
stories/1060008800 (discussing a search of Haida offices); Dene Moore, Ocean
Fertilization Experiment Loses in B.C. Court; Charges Now Likely, GLOBE &
MAIL (Feb. 3, 2014), http:/www.theglobeandmail.com/news/british-columbia/
ocean-fertilization-experiment-loses-in-bc-court-charges-now-likely/article
16672031 (reporting that the court dismissed the Haida’s application to de-
clare the alleged offenses unenforceable and to enjoin further investigation by
the Canadian environmental agency); West Coast Ocean Fertilization Project
Defended, CBC NEWS (Oct. 19, 2012), http:/www.cbc.ca/news/canada/british
-columbia/west-coast-ocean-fertilization-project-defended-1.1226125 (recount-
ing project leaders’ contentions that they did not violate Canadian or interna-
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tance of potential funders to support basic research in this area
and raised anxieties regarding rogue geoengineering field ex-
periments."”

The fact that these field experiments generated substantial
controversy despite their limited scope suggests various con-
cerns. A number of these concerns cluster around the theme of
a growing distrust of geoengineering researchers. The Haida
incident reinforces the stereotype of the mad scientist who
presses forward with his desired experiments, the public and
environment be damned. Indeed, both the Haida and SPICE
experiments resonate with a vigorous online discourse that
supposes the existence of an ongoing secret program of large-
scale climate modification."” Moreover, the possible role of per-
sonal financial motivations in both experiments exacerbates
the public distrust. These incidents only seem to confirm the
fears of some that professional and financial gain, not scientific
merit, are driving a rush to geoengineering experimentation.

Lack of control is a second theme reflected in concerns sur-
rounding geoengineering field experiments. The controversy
that the SPICE experiment provoked, notwithstanding the triv-
ial physical risk associated with the experiment itself, suggests
that public worries extend beyond the hazards or scientific in-
tegrity of individual field experiments. These experiments pos-
sess an operational and symbolic significance that becomes ap-
parent when the experiments are considered in their historical
and social contexts. One might sensibly wonder what these ex-
periments portend for further geoengineering research—or
even deployment—and how they might alter humanity’s rela-
tionship to the environment.”

tional laws); see also Fountain, supra note 14 (reporting commentator’s con-
clusion that the project had apparently contravened international agree-
ments); Parson & Keith, supra note 16 (asserting that the experiment “violat-
ed no international law”).

18. See Fountain, supra note 14; Andrew C. Revkin, A Fresh Look at Iron,
Plankton, Carbon, Salmon, and Ocean Engineering, N.Y. TIMES: DOT EARTH
(July 18, 2014), http://dotearth.blogs.nytimes.com/2014/07/18/a-fresh-look-at
-iron-plankton-carbon-salmon-and-ocean-engineering. Preliminary accounts
suggest positive effects on the salmon fishery. See id.

19. See Rose Cairns, Climates of Suspicion: “Chemtrail” Conspiracy Nar-
ratives and the International Politics of Geoengineering, 182 GEOGRAPHICAL J.
70, 75-76 (2014) (discussing the chemtrail conspiracy narrative, consisting of
the belief that trails left by airplanes are being deliberately sprayed for vari-
ous ends, including climate modification or population control).

20. See Lisa Dilling & Rachel Hauser, Governing Geoengineering Re-
search: Why, When and How?, 121 CLIMATIC CHANGE 553, 555 (2013), http:/
sciencepolicy.colorado.edu/admin/publication_files/2013.21.pdf; Stefan Schafer
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In light of these developments, this Article finds a pressing
need for greater governance of geoengineering research. Gov-
ernance refers broadly to the making and implementation of
rules through laws, decisions, and other mechanisms.” Existing
proposals for geoengineering research governance concentrate
on the physical risks associated with individual research pro-
jects. Generally overlooked, and more difficult to address, are
the systemic concerns geoengineering research raises: techno-
logical lock-in—the danger that sustained research efforts will
predetermine geoengineering deployment decisions; moral haz-
ard—the danger that increased attention to geoengineering will
undermine efforts to reduce greenhouse gas (GHG) emissions;
and the potential for geoengineering research to contribute to
future global conflict. This Article tackles the difficult but es-
sential task of developing mechanisms to address these system-
ic concerns in addition to the physical risks of geoengineering
research.

Part I of this Article addresses preliminary issues, makes
the case for governance of geoengineering research, and sur-
veys examples of research governance in other fields. Part II
reviews existing proposals for geoengineering research govern-
ance and finds that they fail to address important, systemic
concerns regarding technological lock-in, moral hazard, and po-
tential military conflict. Part IIT discusses the desired charac-
teristics of a prospective geoengineering research governance
regime and offers specific recommendations. An ongoing pro-
grammatic technology assessment can analyze systemic con-
cerns and promote public deliberation on geoengineering re-
search and deployment. Policy makers can use the results of
such an assessment to inform decisions and institute safe-
guards against the physical and systemic hazards of
geoengineering research.

et al., Correspondence: Field Tests of Solar Climate Engineering, 3 NATURE
CLIMATE CHANGE 766, 766 (2013).

21. See RALPH BODLE ET AL., FED. ENVT'L AGENCY, GER., OPTIONS AND
PROPOSALS FOR THE INTERNATIONAL GOVERNANCE OF GEOENGINEERING 13
(Section I 1.3 Environmental Law & Friederike Domke eds., 2014) (defining
governance to include “formal and informal, implicit and explicit processes,
procedures and institutions”); Daniel Bodansky, The Who, What, and Where-
fore of Geoengineering Governance, 121 CLIMATIC CHANGE 539, 541-45 (2013)
(discussing basic issues of governance); see also NAT'L RESEARCH COUNCIL,
supra note 2, at 10 (noting the wide variety of forms research governance may
take).
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I. BACKGROUND

A. PRELIMINARY ISSUES

There are several preliminary issues that merit attention
before delving into the case for and design of geoengineering
research governance.

First, what is geoengineering? Developing a working defi-
nition of geoengineering will help to establish a common base-
line for discussion and a predictable governance regime.”
Although the term lacks an undisputed meaning, most ac-
counts include elements of scale and intent: geoengineering is
large if not planetary in scale, and it is intended to counter ele-
vated GHG concentrations or their impacts.” Proposals for
geoengineering fall into two broad categories: carbon dioxide
removal (CDR) and solar radiation management (SRM). CDR
techniques strive to remove carbon dioxide (CO,) from the at-
mosphere and to store it elsewhere.” Examples include ocean
fertilization, direct capture, biochar, and enhanced weather-
ing.” SRM techniques attempt to reduce the amount of radia-
tion absorbed by the Earth but do not reduce atmospheric GHG
concentrations.”” Examples of SRM techniques include strato-
spheric aerosol release, cloud whitening, and space-based de-
flectors.” Stratospheric aerosol release, which would deploy ti-
ny particles in the stratosphere to reflect sunlight into space,
has been the subject of much attention because some perceive it
as a relatively quick and inexpensive global response to climate

22. See BODLE ET AL., supra note 21, at 137.

23. See id. at 14, 43-46; David W. Keith, Box 1: Geoengineering, 409 NA-
TURE 420, 420 (2001); see also PHILLIP WILLIAMSON ET AL., GEOENGINEERING
IN RELATION TO THE CONVENTION ON BIOLOGICAL DIVERSITY: TECHNICAL AND
REGULATORY MATTERS 23 (Technical Series No. 66, 2012), http://www
.cbd.int/doc/publications/cbd-ts-66-en.pdf (summarizing selected definitions of
geoengineering and defining the term as “a deliberate intervention in the
planetary environment of a nature and scale intended to counteract anthropo-
genic climate change and its impacts”).

24. See NAT'L RESEARCH COUNCIL, supra note 2, at 2, box S.1; Lin, supra
note 1, at 716-19.

25. See Lin, supra note 1, at 716-17. For a more detailed description of
each of these examples, see generally NAT'L RESEARCH COUNCIL, CLIMATE IN-
TERVENTION: CARBON DIOXIDE REMOVAL AND RELIABLE SEQUESTRATION
(2015).

26. See Lin, supra note 1, at 717-19; see also NAT'L RESEARCH COUNCIL,
supra note 2, at 2, box S.1 (referring to SRM as “albedo modification”).

27. See Lin, supra note 1, at 717-19. See generally NAT'L RESEARCH
COUNCIL, supra note 2, at 66—132 (describing in detail these and other SRM
techniques).
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change.” Presently, no proposed geoengineering technique is
ready for deployment at a scale that would substantially ad-
dress the impacts of climate change.”

The techniques falling under the rubric of geoengineering
differ significantly in their methodologies, levels of risk, and
feasibility.” Of course, any characterization of specific tech-
niques at this time is preliminary and rests on untested as-
sumptions. Several general observations nevertheless seem
reasonable. Some techniques could be implemented incremen-
tally at a modest scale and within national boundaries, where-
as others would require global implementation. Relatedly, some
techniques—such as ocean fertilization and stratospheric aero-
sol release—would pose greater transboundary risks than oth-
ers.”” Because they are aimed directly at atmospheric GHGs,
CDR techniques would generally be slower acting, and aside
from the technique of ocean fertilization, potentially less
risky.” SRM techniques, in contrast, would involve greater
risks and uncertainties because they would only alleviate some
of climate change’s symptoms rather than address its root
causes.” Proposed geoengineering techniques also differ in
their apparent feasibility, as each technique faces various eco-
nomic, technical, and political challenges. The inclusion of all
geoengineering techniques within a system of research govern-
ance would promote coordination, priority setting, and public
trust. At the same time, design of oversight should take into ac-
count relevant differences between techniques. SRM techniques
warrant particular scrutiny not only because of their greater
potential risks, but also because of the systemic concerns they
tend to raise.

28. See, e.g., ROYAL S0C’Y, GEOENGINEERING THE CLIMATE: SCIENCE,
GOVERNANCE, AND UNCERTAINTY 31 tbl.3.4 (2009) (preliminarily evaluating
stratospheric aerosols as high in terms of effectiveness, affordability, and
timeliness, but low in terms of safety); Parson & Keith, supra note 16 (com-
menting that “attention and controversy have centered on methods to reduce
incoming sunlight,” including stratospheric aerosol release).

29. See ROYAL SOCY, supra note 28, at 57 (concluding that various
geoengineering methods “are unlikely to be ready for deployment in the short
to medium term”).

30. BODLE ET AL., supra note 21, at 40.

31. Seeid. at 20.

32. See NAT'L RESEARCH COUNCIL, supra note 2, at 2—4; Edward A. Par-
son & Lia N. Ernst, International Governance of Climate Engineering, 14
THEORETICAL INQUIRIES L. 307, 313, 316 (2013).

33. See NAT'L RESEARCH COUNCIL, supra note 2, at 3, 5—7; Lin, supra note
1, at 715, 718.
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A second question regards whether governance should fo-
cus on geoengineering research, deployment, or both. The con-
troversy generated by the Haida and SPICE experiments sug-
gests a growing urgency in the need for governance of field
experimentation. In contrast to the case for governance of re-
search, which is discussed more thoroughly below, the case for
governance of deployment is less pressing, with any deploy-
ment likely to be decades or more away.” Whether adequate
governance of research is possible without also governing de-
ployment presents a difficult question. A governance structure
established for research may establish a precedent for later
governance of deployment.” Moreover, to the extent that
geoengineering research efforts have the ultimate aim of de-
ployment, research governance arguably would serve as an in-
direct form of deployment governance. Any attempt to separate
governance functions may be further complicated by the diffi-
culty of distinguishing large-scale field experiments from full-
scale deployment.” For stratospheric aerosol release, for exam-
ple, the most informative way to test efficacy and risks—and
perhaps the only reliable way to do so—may involve full-scale
and extended deployment.”

Notwithstanding these points, focusing on research gov-
ernance is appropriate. Attempting to establish governance of
both deployment and research could prove to be a distraction. If
governance of both deployment and research are grouped to-
gether, policy makers and stakeholders might perceive
geoengineering governance to be less urgent generally and thus
less worthy of action. Although geoengineering deployment
raises important and challenging governance issues, many of
these issues are distinct from those posed by field research.”

34. See Parson & Ernst, supra note 32, at 331 (distinguishing long-term
tasks of regulatory and security governance from “near-term tasks of research,
technology development, and risk assessment[, which] may remain the princi-
pal governance needs for a decade or more”); cf. DAVID KEITH, A CASE FOR
CLIMATE ENGINEERING 87-88 (2013) (projecting deployment of stratospheric
aerosols no earlier than 2025 or “more realistically, 2035 with missteps and
surprises”).

35. See BODLE ET AL., supra note 21, at 21; ¢f. Parson & Ernst, supra note
32, at 329 (“[TThere will not be a clean boundary between an early period of
‘scientific’ [geoengineering] governance and some later period of ‘operational’
governance.”).

36. See Alan Robock et al., A Test for Geoengineering?, 327 SCIENCE 530,
530-31 (2010).

37. Seeid.

38. See infra text accompanying notes 347-49.
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Resolving these issues at this time is unlikely, and seeking to
do so would unnecessarily complicate governance efforts.”

A governance effort focused on research would need to set-
tle on an approach for determining which research projects re-
quire oversight. An effects-based approach would regulate re-
search projects whose environmental impacts potentially
exceed a certain threshold.” Research projects below the
threshold would not receive particular geoengineering-related
scrutiny, though they would have to comply with any otherwise
applicable laws. However, an approach centered on individual
projects would tend to overlook cumulative effects and the ways
in which seemingly insignificant projects could contribute to
the overall development of a geoengineering technique. A pur-
pose-based approach would regulate all research activities that
have a geoengineering purpose. A project’s purpose could be de-
fined subjectively or objectively. A subjective definition of pur-
pose—based on a researcher’s declared objective or justification
for a project—would rely on the good faith of researchers to
identify geoengineering experiments.” Such an approach,
which would create an incentive to conceal the actual purpose
of a geoengineering experiment, may fail to earn the public
trust.” An objective definition of purpose—based on an inde-
pendent determination of whether research might reasonably
advance a geoengineering technique—may more readily garner
public confidence. At the same time, it would be more difficult
to administer, potentially necessitating the burdensome and
politically fraught screening of numerous climate-related re-
search projects.” Ultimately, these difficulties, along with the
desirability of accounting for cumulative and systemic con-
cerns, argue for an approach that combines a subjective defini-
tion of purpose with a list of objectively defined specific activi-

39. See Parson & Ernst, supra note 32, at 331 (suggesting that it “may . . .
be possible to defer most high-stakes and potentially divisive questions of reg-
ulatory and security governance”).

40. See Parson & Keith, supra note 16, at 1279.

41. Cf. Dilling & Hauser, supra note 20, at 562 (proposing that research
“justified by investigators or programs as informing the idea of intentionally
manipulating the earth’s climate . . . be classified as geoengineering re-
search”).

42. See Parson & Keith, supra note 16.

43. See Bronislaw Szerszynski et al., Why Solar Radiation Management
Geoengineering and Democracy Won’t Mix, 45 ENV'T & PLANNING A 2809, 2813
(2013).
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ties.” Under this approach, research activities would be subject
to governance if they either incorporate a geoengineering pur-
pose as a declared objective or fall within designated categories
of geoengineering research activities.

B. THE CASE FOR RESEARCH GOVERNANCE

But is governance of geoengineering research even neces-
sary? Scientists generally enjoy freedom of research, subject to
informed consent and other ethical limits on human and ani-
mal experimentation.”” This freedom, which is recognized or
supported in various laws and treaties,” encompasses the au-
tonomy to decide on research projects and approaches without
political interference.”” Underlying the principle is the pre-
sumption that research generates knowledge, and knowledge is
socially desirable, both as an inherent matter and because it
enables informed democratic choices.” In the United States,
freedom of research is reflected in the “social contract for sci-
ence”: in exchange for public funding, scientists provide

44. Cf. BODLE ET AL., supra note 21, at 136 (suggesting a geoengineering
definition be sufficiently broad to cover a wide range of methods and also in-
clude a list that expressly mentions specific techniques).

45. See Gary E. Marchant & Lynda L. Pope, The Problems with Forbid-
ding Science, 15 SCI. & ENGINEERING ETHICS 375, 377 (2009) (“There is a
strong presumption in modern industrialized democracies, endorsed by most
scientists, in favor of minimal government interference in the content of basic
scientific research.”); Peter Singer, Ethics and the Limits of Scientific Free-
dom, 79 MONIST 218, 218-20 (1996). While some assert that scientists have a
right to research, the U.S. Supreme Court has recognized no such right, and
any such right arguably rests on the extent to which a research inquiry sup-
ports democratic governance. See Mark B. Brown & David H. Guston, Science,
Democracy, and the Right To Research, 15 SCI. & ENGINEERING ETHICS 351,
362 (2009).

46. See BODLE ET AL., supra note 21, at 140; Jesse Reynolds, Climate En-
gineering Field Research: The Favorable Setting of International Environmen-
tal Law, 5 WASH. & LEE J. ENERGY CLIMATE & ENV'T 417, 430-31 (2014) (not-
ing various multilateral environmental treaties that encourage scientific
research); see also Ralph Cicerone, Geoengineering: Encouraging Research and
Overseeing Implementation, 77 CLIMATIC CHANGE 221, 224 (2006) (“Freedom
of inquiry itself has moral value.”). Indeed, detailed formal international regu-
lation of any area of research is unprecedented. See SOLAR RADIATION MGMT.
GOVERNANCE INITIATIVE, SOLAR RADIATION MANAGEMENT: THE GOVERNANCE
OF RESEARCH 33 (2011).

47. See Torsten Wilholt, Scientific Freedom: Its Grounds and Their Limi-
tations, 41 STUD. HIST. & PHIL. SCI. 174, 174-75 (2010); Scientific Freedom
and the Public Good, UNION OF CONCERNED SCIENTISTS (2008), http://www
.ucsusa.org/sites/default/files/legacy/assets/documents/scientific_integrity/
scientific_freedom.pdf.

48. See Wilholt, supra note 47, at 175-78.
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knowledge to society while themselves determining the aims of
research as well as its governing standards.” Although the so-
cial contract for science has come under attack in recent years,
it continues to dominate popular conceptions of scientists’
role.”

Against the tradition of scientific freedom, calls for govern-
ance of geoengineering research require justification. The case
for such governance is rooted in the frustration of what some
scientists perceive as increasingly urgent field research.
Geoengineering research is growing rapidly, and interest in
conducting field experiments is on the rise.”" Most research to
date has been confined to computer modeling or indoor re-
search, prompting various expert bodies, scientists, and com-
mentators to contend that field research is necessary.” A re-
search agenda could address the feasibility of specific
techniques, their interaction with changing climate conditions,
the geographic distribution of effects, the controllability and ef-

49. See Sheila Jasanoff, Technologies of Humility: Citizen Participation in
Governing Science, 41 MINERVA 223, 227-28 (2003).

50. See id. at 228-29.

51. See NAT'L RESEARCH COUNCIL, supra note 2, at 155-56 (recommend-
ing small-scale field studies to investigate potential viability of albedo modifi-
cation techniques); see also CLIVE HAMILTON, EARTHMASTERS: THE DAWN OF
THE AGE OF CLIMATE ENGINEERING 17 (2013) (noting growth of the
geoengineering research network); M. Granger Morgan et al., Needed: Re-
search Guidelines for Solar Radiation Management, 29 ISSUES SCI. & TECH.
37, 41 (2013) (discussing “calls for a significantly expanded research program
on SRM”); Parson & Ernst, supra note 32, at 309 (noting the “sharp increase
in attention to climate engineering (CE) technologies”); Rob Bellamy, Safety
First! Framing and Governing Climate Geoengineering Experimentation 14
(Climate Geoegineering Governance Working Paper Series, No. 014, 2014)
http://www.geoengineering-governance-research.org/perch/resources/
workingpaperl4bellamysafetyfirst.pdf (identifying the “need to know more” as
a prevalent theme in geoengineering discourse).

52. See, e.g., GOV'T ACCOUNTABILITY OFFICE, GAO 11-71, TECHNOLOGY
ASSESSMENT: CLIMATE ENGINEERING: TECHNICAL STATUS, FUTURE DIREC-
TIONS, AND POTENTIAL RESPONSES 49 (2011) (reporting that the majority of
experts consulted in the study “advocated starting significant climate engi-
neering research now or in the very near future”); BIPARTISAN POLICY CTR.,
TASK FORCE ON CLIMATE REMEDIATION RESEARCH, GEOENGINEERING: A NA-
TIONAL STRATEGIC PLAN FOR RESEARCH ON THE POTENTIAL EFFECTIVENESS,
FEASIBILITY, AND CONSEQUENCES OF CLIMATE REMEDIATION TECHNOLOGIES
20 (2011) [hereinafter BPC] (“Time is of the essence in establishing a thought-
ful research program. . . .”); ROYAL SOC’Y, supra note 28, at 61 (“Research is
urgently needed for evaluating which methods are feasible, and to identify po-
tential risks.”); Parson & Ernst, supra note 32, at 322 (asserting that a con-
sensus exists that research into the feasibility, effects, and potential risks of
CE technologies “should begin immediately”).
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fects of regional interventions, and the identification and at-
tribution of harmful effects.”” SRM field research, for example,
could take the form of small-scale experiments to increase un-
derstanding of physical, chemical, and radiative properties in
the atmosphere; atmospheric studies across a range of scales to
determine the applicability of models at different scales; global-
scale experiments to measure risks and climate response; and
tests of technologies for deploying SRM.™

A commonly proffered rationale for geoengineering re-
search is for society to be well-informed of the effectiveness and
risks of various techniques “if and when geoengineering be-
comes necessary.”” Current geoengineering proposals are
sometimes described as “speculative,” and years or decades of
research would likely be needed before deployment of any tech-
nique.” In the absence of sufficient research, some commenta-
tors warn, society could find itself in a “policy train wreck” in
which “only unrefined, untested, and excessively risky ap-
proaches will be available” should a climate emergency occur.”
Even some who are more skeptical of the need for
geoengineering believe that research can inform discussions
and decisions regarding its potential use.” Research might be

53. See BPC, supra note 52, at 24-26; Parson & Ernst, supra note 32, at
328.

54. See David W. Keith et al., Field Experiments on Solar Geoengineering:
Report of a Workshop Exploring a Representative Research Portfolio, PHIL.
TRANSACTIONS ROYAL SOC’Y A, Nov. 17, 2014, at 1, 2—4.

55. Bodansky, supra note 21, at 546; see also BPC, supra note 52, at 14;
Parson & Keith, supra note 16.

56. Steve Rayner et al., The Oxford Principles, 121 CLIMATIC CHANGE
499, 501 (2013) (noting the need for “extensive research” into the “technical,
environmental, socio-political, ethical and economic characteristics” of all
geoengineering technologies).

57. See GOV'T ACCOUNTABILITY OFFICE, supra note 52; Parson & Ernst,
supra note 32, at 322 (noting present ignorance regarding “how well specific
interventions and delivery methods would work”).

58. Parson & Keith, supra note 16, at 1279. The use of “emergency” rheto-
ric in connection with geoengineering, let alone the determination of what
might constitute a climate emergency, poses serious difficulties. See Nils
Markusson et al., “In Case of Emergency Press Here”: Framing Geoengineering
as a Response to Dangerous Climate Change, 5 WIRES CLIMATE CHANGE 281,
284, 288 (2014).

59. See BPC, supra note 52, at 3; NAT'L RESEARCH COUNCIL, supra note 2,
at 8-9; ROYAL SOC’Y, supra note 28, at 49, 52; Alan Robock, Stratospheric Aer-
osol Geoengineering, in GEOENGINEERING OF THE CLIMATE SYSTEM 162, 181
(R.E. Hester et al. eds., 2014); David G. Victor et al., The Geoengineering Op-
tion: A Last Resort Against Global Warming?, FOREIGN AFF., Mar./Apr. 2009,
at 64, 74 (contending that research “would transform the discussion about
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valuable even if nations or the international community ulti-
mately reject geoengineering, as it can facilitate the detection
and countering of unauthorized geoengineering efforts.”
Notwithstanding scientists’ increasing interest in
geoengineering research, overall funding for research remains
modest and funding for field experimentation is especially lim-
ited.”" Exact funding data is difficult to gather in the absence of
a clear operational definition of geoengineering,” but estimates
generally characterize research amounts as “very low.”” The
most prominent national funding effort, the SPICE project,
consists of £1.6 million in total research support spread out
over several years.” The United States lacks a dedicated re-
search program, with existing geoengineering research efforts
occurring largely as part of broader climate and atmospheric
science programs.” Private individuals, including Bill Gates,
provide a significant share of research support.” Yet even this
support is relatively modest in terms of the scale of research it
enables.” Gates, for example, has contributed $4.6 million to a
fund administered by two leading geoengineering researchers.”

geoengineering from an abstract debate into one focused on real risk assess-
ment”).

60. See NAT'L RESEARCH COUNCIL, supra note 2, at 10; Mark G. Law-
rence, The Geoengineering Dilemma: To Speak or Not To Speak, 77 CLIMATIC
CHANGE 245, 246 (2006).

61. A 2010 GAO report estimated total U.S. government spending on di-
rect geoengineering research at less than $2 million. GOV'T ACCOUNTABILITY
OFFICE, GAO-10-903, CLIMATE CHANGE: A COORDINATED STRATEGY COULD
Focus FEDERAL GEOENGINEERING RESEARCH AND INFORM GOVERNANCE EF-
FORTS 19 (2010) [hereinafter GAO-10-903]. A 2013 estimate of the total
amount worldwide being spent on ongoing SRM research projects was $20-25
million. Geoengineering Research, GIVEWELL, http:/www.givewell.org/labs/
causes/geoengineering#footnoteref21_nhq5rn9 (last visited Apr. 16, 2016).

62. See GAO-10-903, supra note 61, at 23.

63. See, e.g., Bodansky, supra note 21, at 546.

64. See Daniel Cressey, Cancelled Project Spurs Debate over
Geoengineering Patents, 485 NATURE 429 (2012).

65. See GAO-10-903, supra note 61, at 23; Morgan et al., supra note 51.

66. See HAMILTON, supra note 51, at 77 (characterizing Gates as “the
world’s leading financial supporter of geoengineering research” and discussing
Richard Branson’s offer of a $25 million prize for developing a plan to extract
carbon from the atmosphere); Bodansky, supra note 21, at 546; John Vidal,
Bill Gates Backs Climate Scientists Lobbying for Large-Scale Geoengineering,
GUARDIAN (Feb. 6, 2012), http://www.guardian.co.uk/environment/2012/feb/06/
bill-gates-climate-scientists-geoengineering.

67. See Alan Robock, Is Geoengineering Research Ethical?, 4 SICHERHEIT
& FRIEDEN 226, 228 (“[A] larger fraction of current geoengineering research
funding comes from the US$1,000,000 per year that Bill Gates gives to David
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Potential funders have shied away particularly from field
research because of its controversial nature. As the Haida and
SPICE incidents suggest, concerns extend beyond any immedi-
ate physical risks that experiments might pose. The case for
oversight rests equally on the goal-directed nature of
geoengineering research and on the contested nature of that
goal. The primary aim of such research is not to generate pure
scientific knowledge nor to develop innovations that could be
applied in the market, but rather to create specific deployable
mechanisms for deliberately altering the climate.”
Geoengineering research warrants external governance and
public engagement because the research itself carries signifi-
cant and controversial policy implications and can alter the pol-
icy environment in which decisions are made.” In the absence
of legitimate and effective governance, additional field research
will lead to further controversy,” which in turn could stymie
transparent and accountable research efforts while spawning a
rise in furtive experimentation.

At present, there is no general system of oversight for
geoengineering field experimentation. Nor do mechanisms exist
to ensure attention to concerns regarding the broader implica-
tions of research. As one analysis concludes, “almost none of
[international environmental law] was developed with climate
engineering in mind.”” Indeed, that analysis suggests that in-
ternational law “favor[s]” geoengineering research because it
could develop methods for reducing climate risk to humans and
the environment.” While the reduction of climate risks indeed
would be consistent with several environmental agreements,”
international environmental law provides no definitive guid-
ance in this regard. For example, the precautionary principle,

Keith and Ken Caldeira.”); see also Vidal, supra note 66 (reporting that Gates
has funded $4.6 million worth of geoengineering research).

68. The researchers, David Keith and Ken Caldeira, “select projects that
receive support from the fund.” See FUND FOR INNOVATIVE CLIMATE & ENERGY
RESEARCH, http://dge.stanford.edu/labs/caldeiralab/FICER.html (last visited
Apr. 16, 2016).

69. See Dilling & Hauser, supra note 20 (“This intentionality of the re-
search program places geoengineering clearly in the sphere of science for poli-
cy, or usable science.”).

70. Seeid.

71. See Rayner et al., supra note 56 (“[Clontroversies will only increase
over time if research is allowed to continue.”).

72. Reynolds, supra note 46, at 480.

73. Id.

74. See id. at 480-81.
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which some characterize as an emerging customary principle of
international environmental law,” could be interpreted as ei-
ther encouraging or discouraging geoengineering research.”
Likewise, the U.N. Framework Convention on Climate
Change’s objective of avoiding “dangerous anthropogenic inter-
ference” with the climate system” leaves open the question of
whether geoengineering itself might constitute dangerous an-
thropogenic interference.

To date, two international treaty regimes have specifically
addressed the issue of geoengineering research. The parties to
the London Convention and London Protocol (LC/LP) have de-
veloped an incipient oversight system for field research on
ocean fertilization and other marine-based geoengineering
techniques. As a general matter, the LC/LP prohibit the delib-
erate disposal of waste at sea, but allow placement of matter
for purposes other than disposal.” In 2008, the parties to these
agreements adopted a resolution opposing “ocean fertilization
activities other than legitimate scientific research.”” A 2010
resolution encourages member-states to review proposed ocean
fertilization activity under an assessment framework to deter-
mine whether it constitutes legitimate scientific research and
to assess its environmental impacts.”” The assessment frame-
work also recommends a process to notify potentially affected
countries, explain potential impacts, encourage scientific coop-

75. A leading articulation of the precautionary principle declares that
“[wlhere there are threats of serious or irreversible damage, lack of full scien-
tific certainty shall not be used as a reason for postponing cost-effective
measures to prevent environmental degradation.” U.N. Conference on Envi-
ronment and Development, Rio Declaration on Environment and Development,
U.N. Doc. A/CONF.151/26 (Aug. 12, 1992).

76. See Lin, supra note 1.

77. United Nations Framework Convention on Climate Change, art. 2,
May 9, 1992, 1771 U.N.T.S. 164.

78. 1996 Protocol to the Convention on the Prevention of Marine Pollution
by Dumping of Wastes and Other Matter, arts. 1.4.1, 1.4.2.2, 4, Nov. 7, 1996,
36 I.L.M. 1; see Convention on the Prevention of Marine Pollution by Dumping
of Wastes and Other Matter, art. III.1(a), Dec. 29, 1972, 1046 U.N.T.S. 140 (re-
ferring to “deliberate disposal at sea,” as opposed to “deliberate disposal into
the sea”).

79. London Convention and Protocol, Resolution LC-LP.1 (2008) on the
Regulation of Ocean Fertilization, LC 30/16 (Oct. 31, 2008).

80. London Convention and Protocol, Resolution LC-LP.2 (2010) on the
Assessment Framework for Scientific Research Involving Ocean Fertilization
(Oct. 14, 2010).
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eration, and provide for ongoing consultation.”’ Building on the
2008 and 2010 resolutions, the parties to the London Protocol
later adopted an amendment to the protocol. If ratified, the
amendment would make the assessment and permitting pro-
cess binding and expand its application to other marine
geoengineering activities.” Permits would issue only if a pro-
posed activity is not contrary to the aims of the London Protocol
and an environmental assessment determines that pollution
and detriment would be prevented or minimized.”

Field experiments outside the marine environment lie be-
yond the scope of the LC/LP. Of particular concern are SRM
techniques, which could involve experimentation and deploy-
ment on a global scale.* The most frequently discussed SRM
techniques, stratospheric aerosol release and cloud brightening,
would involve field trials in the atmosphere, where there is no
existing treaty regime possessing obvious oversight responsibil-
ity.” The parties to the Convention on Biological Diversity
(CBD), a treaty that promotes biodiversity primarily through
national laws and policies,” have attempted to fill this void.
Specifically, the CBD parties adopted a decision discouraging
geoengineering activities potentially affecting biodiversity, with
the exception of “small scale scientific research studies ... in a
controlled setting.”” Such research, the decision cautions,
should occur only if subject to a prior environmental assess-
ment and justified by the need to gather specific scientific da-
ta.” Notably, the decision is nonbinding and has no force in the

81. The Assessment Framework can be found at Report of the Thirty-Fifth
Consultative Meeting and the Eighth Meeting of Contracting Parties to the
London Convention, LC 35/15, annex 6 (2013).

82. Resolution LP.4(8) on the Amendment to the London Protocol to Regu-
late the Placement of Matter for Ocean Fertilization and Other Marine
Geoengineering Activities, LC 35/15, annex 4, at 8-9 (Oct. 18, 2013) [hereinaf-
ter Resolution LP.4(8)].

83. Id. at 8.

84. See SOLAR RADIATION MGMT. GOVERNANCE INITIATIVE, supra note 46,
at 14-16.

85. See Lin, supra note 1, at 730-31 (discussing international legal re-
gimes governing air pollution).

86. Convention on Biological Diversity, June 5, 1992, 1760 U.N.T.S. 143
[hereinafter CBD], http://www.cbd.int/convention/convention.shtml.

87. Decision Adopted by the Conference of the Parties to the Convention
on Biological Diversity, X/33: Biodiversity and Climate Change, q 8(w), Oct.
29, 2010, UNEP/CBD/COP/DEC/X/33 [hereinafter Decision by the Parties to
the CBD].

88. Id.
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United States, which is not a party to the CBD.* Moreover, the
decision does not define critical terms such as “small scale sci-
entific research studies” and “controlled setting,” and in con-
trast to the LC/LP’s assessment framework, provides little
guidance to member-states regarding implementation.”

To sum up, support for and concern about geoengineering
research are both on the rise. On the one hand, the worsening
climate situation and dim prospects for meaningful GHG miti-
gation efforts make increasingly important the exploration of a
variety of responses to climate change. Geoengineering re-
search can generate valuable information for deciding whether
geoengineering options might be viable and how they might be
used.” On the other hand, the field experimentation that would
be necessary to evaluate geoengineering options or to deploy
them has largely been stymied. Geoengineering research is in a
state of “deadlock” where even publicly sponsored and seeming-
ly harmless field experiments are unable to proceed.”

Should this deadlock remain unresolved, one can expect
further controversy, a continued reluctance to fund even public-
ly accountable tests, and a rise in furtive experimentation. As
climate change’s effects become more pronounced, the pressure
to explore and ultimately deploy geoengineering will only in-
tensify.” At the same time, increased attention to

89. The CBD does not authorize its Conference of the Parties to adopt le-
gally binding decisions. Accordingly, one commentator characterizes CBD de-
cisions as “soft law’ of a primarily political nature.” ALEXANDER PROELSS, LE-
GAL OPINION ON THE LEGALITY OF THE LOHAFEX MARINE RESEARCH
EXPERIMENT UNDER INTERNATIONAL LAW 9 (2009), http://www.internat-recht
.uni-kiel.de/de/forschung/opinions/LOHAFEX _en.pdf. For a list of parties that
have ratified the CBD, see List of Parties, CONVENTION ON BIOLOGICAL DI-
VERSITY, http://www.cbd.int/convention/parties/list (last visited Apr. 16, 2016).

90. For further discussion of the shortcomings of the CBD decisions, see
BODLE ET AL., supra note 21, at 59, 152-53.

91. See BPC, supra note 52, at 29; Bodansky, supra note 21, at 546.

92. Parson and Keith use the term “deadlock” to characterize the current
governance of geoengineering research: namely, the increasingly polarized de-
bate regarding such questions as whether government regulation is needed
and whether large-scale research requires greater oversight. Parson & Keith,
supra note 16. But cf. Schafer et al., supra note 20 (contending that “there is
no deadlock on climate engineering governance”). In my view, the term dead-
lock better characterizes the present state of geoengineering field experimen-
tation.

93. See Bodansky, supra note 21, at 540 (observing that “grim outlook”
regarding rising global GHG emissions “has led many to take a second look at
geoengineering”); see also INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE,
CLIMATE CHANGE 2014: IMPACTS, ADAPTATION, AND VULNERABILITY 1065
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geoengineering is unlikely to dissipate public discomfort and
uncertainties associated with many geoengineering proposals.™
In such circumstances, states will remain hesitant to openly
undertake or sponsor field experiments. Polarized views on the
subject may make it difficult for states to adopt any policy on
geoengineering whatsoever.” And without a clear system of
governance, projects lacking external oversight and peer review
may become more common. The establishment of a credible re-
search governance structure could break the deadlock by
providing assurance that geoengineers are not performing un-
controlled experiments or embarking on a course leading to
full-scale deployment without official sanction.

C. MODELS FOR RESEARCH GOVERNANCE

International law provides little guidance for establishing
a system of research oversight. International environmental
law generally favors scientific research, and precedents for gov-
erning field experimentation, particularly in its early stages,
are limited.” For instance, the UN Convention on the Law of
the Sea, which contains relatively detailed provisions on re-
search, affirms the right of states and “competent international
organizations” “to conduct marine scientific research subject to
the rights and duties of other States” and encourages the exer-
cise of this right.” The right to conduct research is subject to
procedural and substantive obligations designed to protect oth-
er states from transboundary harm.” Beyond such obligations,

(2014) (discussing geoengineering and noting the “increasing attention” it has
received in the scientific literature).

94. See Nick Pidgeon et al., Exploring Early Public Responses to
Geoengineering, 370 PHIL. TRANSACTIONS ROYAL SOC’Y A 4176, 4177 (2012);
¢f. Adam Corner et al.,, “Experiment Earth?” Reflections on a Public
Dialogue on Geoengineering 18 (unpublished manuscript), http:/psych.cf.ac
.uk/understandingrisk/docs/experiment_earth.pdf (last visited Apr. 16, 2016)
(reporting a weak positive correlation between knowledge about CDR and
support for CDR and a negative correlation between knowledge about SRM
and support for SRM).

95. See BODLE ET AL., supra note 21, at 131.

96. See Reynolds, supra note 46.

97. TUnited Nations Convention on the Law of the Sea, arts. 238, 239, Dec.
10, 1982, 1833 U.N.T.S. 397 [hereinafter UNCLOS], http://www.un.org/Depts/
los/convention_agreements/texts/unclos/closindx.htm. The Convention on the
Law of the Sea is one of the few treaties potentially relevant to geoengineering
that contains detailed provisions governing research. See Reynolds, supra note
46, at 431.

98. See, e.g., UNCLOS, supra note 97, art. 242(1) (describing obligation of
state conducting research to provide other states an opportunity to obtain in-
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though, the convention contains no provisions for comprehen-
sive oversight of research.

Experience under another environmental treaty, the Inter-
national Convention for the Regulation of Whaling, warns
against excessive deference to treaty members in the oversight
of scientific research. This convention’s governing body estab-
lished an indefinite moratorium on commercial whaling in
1982.” However, parties to the convention may issue permits
authorizing the killing of whales for purposes of scientific re-
search “subject to such restrictions as to number and . .. such
other conditions as [each party] thinks fit.”'” Contending that
the killing of hundreds of whales per year is necessary for re-
search purposes, Japan has made liberal use of these permits
to circumvent the moratorium."” Japan vows to continue its
whaling program even in the face of strong international con-
demnation and an International Court of Justice finding that it
lacks scientific merit.'” The ongoing conflict illustrates not only
the difficulty of defining and policing research, but also the in-
ability to avoid value-laden policy determinations by deferring
to scientific expertise.'”

Perhaps the most instructive precedent for geoengineering
research governance comes from the field of recombinant DNA
(rDNA) research. In the early 1970s, rDNA researchers faced a
research deadlock resembling that confronting geoengineering
researchers today. Scientists, policy makers, and the public
worried that rDNA experiments might wreak havoc if they ac-
cidentally released genetically altered organisms into the envi-

formation necessary to prevent and control damage to human health and ma-
rine environment); id. at art. 246 (describing right of coastal states to regulate
research in their exclusive economic zone and continental shelf); Reynolds, su-
pra note 46, at 475-78 (discussing customary law obligations to prevent or
control transboundary harm and to cooperate in doing so).

99. See DAVID HUNTER ET AL., INTERNATIONAL ENVIRONMENTAL LAW AND
PoLicy 1050-54 (4th ed. 2011) (noting that the moratorium took effect in
1986).

100. International Convention for the Regulation of Whaling, Dec. 2, 1946,
art. VIII, 161 U.N.T.S. 72.

101. See HUNTERET AL., supra note 99, at 1058-59.

102. See Editorial, Japan Is Back in the Hunt for Whales, N.Y. TIMES, Nov.
29, 2014, at SRS8; see also HUNTER ET AL., supra note 99, at 1059 (“[E]very
IWC meeting adopts a resolution condemning [Japan’s] practice.”).

103. See Daniel Bodansky, Legitimacy, in THE OXFORD HANDBOOK OF IN-
TERNATIONAL ENVIRONMENTAL LAW 704, 720 (Daniel Bodansky et al. eds.,
2007).
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ronment."” Such concerns led researchers to impose a volun-
tary moratorium on further research.'” The purpose of the
moratorium was to preserve the status quo while the scientific
community undertook a more considered evaluation of the new
technology and its risks.'” That evaluation took place at the
1975 Asilomar Conference, where an international gathering of
scientists developed recommendations designed to address the
potential hazards of rDNA experiments."” Deeming societal
concerns to be adequately addressed, the scientists ended the
research moratorium. The Asilomar recommendations subse-
quently proved influential, serving as the foundation for gov-
ernment guidelines on publicly funded rDNA research.'”
Although the Asilomar recommendations enabled rDNA
research to proceed, the effort offers a flawed model for govern-
ing research in an emerging technology. The Asilomar confer-
ence involved a limited range of participants, predominantly
scientists who favored moving forward with research."” Moreo-
ver, the scope of discussions was narrow, focusing on technical
issues of risk management.”® Discussions largely omitted
broader societal concerns as well as ethical and legal issues be-
cause their consideration was seen as “premature” and “specu-
lative.”""! Asilomar was viewed as a success at the time, but its
failure to incorporate the public and its concerns at an early
stage of technology development contributed to a resistance to
biotechnology that continues today."” Geoengineering research-
ers interested in proceeding with field experiments would do

104. See Paul Berg et al., Potential Biohazards of Recombinant DNA Mole-
cules, 185 SCIENCE 303, 303 (1974) (“There is serious concern that some of
these artificial recombinant DNA molecules could prove biologically hazard-
ous.”).

105. See id.

106. See Paul Berg & Maxine F. Singer, The Recombinant DNA Controver-
sy: Twenty Years Later, 92 PROC. NAT'L ACAD. ScCI. U.S. 9011, 9011 (1995).

107. See ALBERT C. LIN, PROMETHEUS REIMAGINED: TECHNOLOGY, ENVI-
RONMENT, AND LAW IN THE TWENTY-FIRST CENTURY 52-53 (2013).

108. Seeid. at 54.

109. See Paul Berg, Meetings That Changed the World: Asilomar 1975, NA-
TURE (Sept. 18, 2008), http://www.nature.com/nature/journal/v455/n7211/
full/455290a.html (“[M]ost researchers, like me, acknowledged that the new
technology opened extraordinary avenues for genetics and could ultimately
lead to extraordinary opportunities in medicine, agriculture, and industry.”).

110. See LIN, supra note 107, at 53.

111. Berg & Singer, supra note 106, at 9012.

112. See LIN, supra note 107, at 72, 78.
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well to be more inclusive and more sensitive to non-technical
concerns.

Another illustration of self-guided oversight comes from
the governance of genetics research and research involving
human subjects. Such research is often subject to domestic laws
and restrictions, but at the international level, soft law devel-
oped by expert bodies predominates.'”’ The leading code of ethi-
cal principles for medical research involving human subjects is
the Declaration of Helsinki."* Developed by the World Medical
Association and aimed at securing respect for individuals and
their right to make informed decisions,"” the Declaration en-
courages physicians to conduct research under the oversight of
independent research committees and with the informed con-
sent of research subjects."® The Declaration provides an exam-
ple of voluntary, self-governing oversight analogous to the
measures that rDNA researchers adopted at Asilomar and is
subject to similar limitations and critiques.

Geoengineering research governance might also draw les-
sons from beyond international environmental law. Perhaps
the most obvious examples of international restrictions on re-
search involve biological, chemical, and nuclear weapons. Each
of these dual use technologies relies on skills, information, and
equipment that may be used for both peaceful and military
purposes, complicating efforts to restrict weapons research."’
Determining the actual or primary purpose of research is rarely
straightforward, and perhaps futile when a technology can be
readily converted from peaceful to military use.

The experience of the 1972 Biological Weapons Convention
(BWCQ) illustrates some of the difficulties of regulating research
for dual use technologies. The BWC forbids parties from devel-
oping, producing, stockpiling, or acquiring biological weap-

113. Reynolds, supra note 46.

114. WORLD MED. ASS’N, DECLARATION OF HELSINKI—ETHICAL PRINCI-
PLES FOR MEDICAL RESEARCH INVOLVING HUMAN SUBJECTS (2013), http:/
www.wma.net/en/30publications/10policies/b3 [hereinafter DECLARATION OF
HELSINKI]; see Soren Holm, Declaration of Helsinki, in INTERNATIONAL ENCY-
CLOPEDIA OF ETHICS 1232 (Hugh La Follette ed., 2013) (describing the Decla-
ration as “an important normative document in international discussions
about research ethics,” despite the fact that the World Medical Association is
only an umbrella organization for medical associations across the world).

115. DECLARATION OF HELSINKI, supra note 114, at arts. 7-9, 25-32.

116. Id. at arts. 2, 23; see Holm, supra note 114.

117. See David P. Fidler, International Law and Weapons of Mass Destruc-
tion: End of the Arms Control Approach?, 14 DUKE J. COMP. & INTL L. 39, 66
(2004).
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ons."® However, the treaty allows research for defensive pur-
poses even though it “can involve pathogens and technologies
that may be little different from the work needed to develop of-
fensive weapons.”® The treaty lacks a verification system,
moreover. Parties were unable to agree on a mechanism for dis-
tinguishing between prohibited research aimed at developing
offensive weapons and other, permissible biological research."”
In the absence of a verification mechanism, Iraq and the former
Soviet Union have committed substantial violations of the trea-
ty’s provisions, calling into question the treaty’s effectiveness."

The 1993 Chemical Weapons Convention (CWC) similarly
forbids parties from developing, producing, stockpiling, or ac-
quiring chemical weapons.'” In contrast to the BWC, the CWC
incorporates a detailed verification system that includes
recordkeeping and inspection requirements.'” While this verifi-
cation system promises to make the CWC more effective than
the BWC, the potential for dual use remains. For instance,
those chemicals most susceptible to weapons use are generally
prohibited, but parties may still produce and use such chemi-
cals for research purposes.”™ In addition, technological advanc-
es in neuroscience and nanotechnology that offer potential ben-

118. Convention on the Prohibition of the Development, Production, and
Stockpiling of Bacteriological (Biological) and Toxin Weapons and on Their
Destruction, Apr. 10, 1972, art. I, 26 U.S.T. 583, 1015 U.N.T.S. 163 (emphasis
added).

119. Leonard S. Spector, Slowing Proliferation: Why Legal Tools Matter, 34
VT. L. REV. 619, 621 (2010).

120. See id. at 620-21. In rejecting a draft protocol that would have estab-
lished a verification regime, the United States explained that detecting viola-
tions would be nearly impossible because of the potential dual use of biological
weapon components. John R. Bolton, Under Secretary for Arms Control and
International Security, Remarks at the Tokyo America Center: The U.S. Posi-
tion on the Biological Weapons Convention: Combating the BW Threat (Aug.
26, 2002), http://2001-2009.state.gov/t/us/rm/13090.htm.

121. See Fidler, supra note 117, at 63—64.

122. Convention on the Prohibition of the Development, Production, Stock-
piling and Use of Chemical Weapons and on Their Destruction, Jan. 13, 1993,
art. I.1, S. Treaty Doc. No. 103-219, 1974 U.N.T.S. 317 (emphasis added).

123. Annex on Implementation and Verification, Convention on the Prohi-
bition of the Development, Production, Stockpiling and Use of Chemical
Weapons and on Their Destruction, opened for signature Jan. 13, 1993, S.
Treaty Doc. No. 103-21, 1974 U.N.T.S. 317 [hereinafter CWC Verification An-
nex]; see also Timothy K. Webster, The Future of the Chemical and Biological
Weapons Conventions, 16 NAT. RESOURCES & ENV'T 187, 188-90 (2002) (dis-
cussing verification scheme).

124. CWC Verification Annex, supra note 123, pt. VL.
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efits for medical treatment also may find application in new
chemical weapons.'”

Nuclear technology presents further dual use challenges.
Under the Treaty on the Non-Proliferation of Nuclear Weapons,
states without nuclear weapons pledge not to manufacture or
acquire such weapons.”” In exchange, these states receive as-
sistance in developing peaceful uses of nuclear energy.”” In-
deed, the treaty explicitly recognizes “the inalienable right of
all the Parties to the Treaty to develop research, production
and use of nuclear energy for peaceful purposes.”” The nuclear
activities of non-nuclear-weapon states are subject to inspection
to ensure that the activities are only for peaceful purposes, and
noncompliance can prompt a referral to the U.N. Security
Council.” The treaty’s monitoring and enforcement provisions
are relatively detailed and forceful, but implementation has
sometimes proved difficult.”” As with the BWC and CWC, de-
liberate skirting of treaty provisions has revealed the difficulty
of administering prohibitions that hinge on determining an ac-
tivity’s purpose.”’ Most notoriously, Iran has undertaken ura-
nium enrichment and plutonium production for apparent mili-
tary purposes while asserting peaceful intentions."

Each of the just-discussed weapons regulatory regimes dis-
tinguishes between prohibited and permitted research based on

125. Alistair Burt, We Must Wake Up to the Threats of New Chemical
Weapons, NEW SCIENTIST (Apr. 15, 2013) http://www.newscientist.com/article/
mg21829125.900-we-must-wake-up-to-the-threats-of-new-chemical-weapons
.html.

126. Treaty on the Non-Proliferation of Nuclear Weapons, July 1, 1968, art.
II, T.I.LA.S. No. 6839, 21 U.S.T. 483. Other treaties governing nuclear weapons
research include the Partial Test-Ban Treaty, which bans nuclear weapons
tests in the atmosphere, outer space, and under water, and the Comprehen-
sive Nuclear Test Ban Treaty, which has not entered into force. Comprehen-
sive Nuclear Test Ban Treaty, Sept. 24, 1996, S. Treaty Doc. No. 105-28
(1997), 35 I.L.M. 1439; Treaty Banning Nuclear Weapons in the Atmosphere,
in Outer Space, and Under Water, Aug. 5, 1963, 14 U.S.T. 1313, 480 U.N.T.S.
43.

127. Treaty on Non-Proliferation of Nuclear Weapons, supra note 126, at
art. V.

128. Id. at art. IV.1.

129. Id. at art. II1.1.

130. Joseph Cirincione, Enforcing Compliance with the Non-Proliferation
Treaty, CARNEGIE ENDOWMENT FOR INT'L PEACE (Mar. 24, 2005), http:/
carnegieendowment.org/2005/03/24/enforcing-compliance-with-non
-proliferation-treaty.

131. Id.

132. Spector, supra note 119, at 624-25.
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the purpose of such research. The challenges of implementing
these regimes offer several cautionary points for prospective
geoengineering governance. A ban on research having a specific
purpose will incentivize efforts to disguise the true purpose of
otherwise prohibited research projects. Restrictions on research
may require verification mechanisms to be effective. And much
technical  knowledge, including that produced by
geoengineering research, has dual use potential.

II. EXISTING PROPOSALS TO GOVERN
GEOENGINEERING RESEARCH—AND WHAT’S MISSING
FROM THEM

The deadlock on geoengineering research—and the corre-
sponding need to establish some form of governance for
geoengineering research—is widely acknowledged.”” Various
commentators have set forth governance proposals ranging
from self-regulation to formal international oversight. A survey
of these proposals identifies common elements and functions,
and also reveals a shared neglect of systemic concerns.

A. EXISTING PROPOSALS

1. Overview of Selected Proposals

A “widespread but quietly expressed” view in the
geoengineering community advocates that governance of
geoengineering research be left to ordinary scientific research
governance processes, with no additional oversight by govern-
ment or other actors.”™ Drawing on conventional notions of sci-
entific freedom, this view assumes that peer review, scientific
community norms, and existing regulations will adequately ac-
count for risks and other concerns. However, this view is not
universally held, even among scientists, and is often overshad-
owed by declarations calling for closer scrutiny and broader
participation in governance."” Leading proposals for govern-

133. See Bellamy, supra note 51, at 21.

134. Parson & Keith, supra note 16; see Cicerone, supra note 46, at 223,
225 (urging that geoengineering research proceed as “on any other scientific
problem at least for theoretical and modeling studies,” while suggesting a
moratorium “on large-scale field manipulations”).

135. See, e.g., Schifer et al., supra note 20 (describing a letter to the editor
noting that proposals for field testing generally “acknowledge a need for some
form of governance”); Karen N. Scott, International Law in the Anthropocene:
Responding to the Geoengineering Challenge, 35 MICH. J. INT'L LAW 309, 355
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ance of geoengineering research generally incorporate a wide
range of actors, including national governments or internation-
al organizations. Underlying these proposals is a recognition
that geoengineering research differs from basic scientific re-
search in important ways that warrant additional external
oversight. For one, large-scale field experiments, which might
ultimately be necessary to assess effectiveness and risks, could
affect millions of people. For another, the primary aim of
geoengineering research is to develop and implement specific
technologies. If undertaken without sufficient oversight and ac-
countability, such goal-directed research could unwittingly
commit the global community to an undesirable course of ac-
tion.

Perhaps the foremost effort to focus attention on the specif-
ic issue of governing geoengineering research is the Solar Radi-
ation Management Governance Initiative (SRMGI)." As its
name suggests, the SRMGI concentrates on SRM, and its ini-
tial purpose was “to develop specific governance recommenda-
tions for SRM research.”” However, the initiative has since
modified its orientation toward “open[ing] up” discussions of
SRM governance by exploring and recording different perspec-
tives, rather than preemptively “closing down” discussions and
producing definitive prescriptions.'”

In 2011, the SRMGI organized a conference to explore the
challenges raised by SRM research.”” Although organizers dis-
claimed any effort to reach a consensus, a summary report
identified general governance considerations, including possible
functions and alternative approaches.'” The report suggested
categorizing research into five groups according to potential
risk: (1) computer and desk studies involving no potential envi-
ronmental impact; (2) laboratory studies or passive observa-
tions of nature; (3) small field trials having no significant large
scale effects; (4) medium and large-scale field trials; and (5) de-

(2013) (contending that self-regulation “does not represent an appropriate
governance mechanism”).

136. See SOLAR RADIATION MGMT. GOVERNANCE INITIATIVE, supra note 46,
at 11. The SRMGI is an ongoing partnership between the Royal Society, Envi-
ronmental Defense Fund, and The World Academy of Science (TWAS). See id.
at 7.

137. Id. at 12.

138. Id. at 12, box 1.1.

139. Seeid. at 11-12.

140. Id. at 29-44.
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ployment.'' The report characterized the first three categories
as involving “negligible direct risk” and the latter two catego-
ries as involving “potentially direct risk.”** While noting that
physical risk is “not the only consideration” relevant to govern-
ance, the report described general agreement among conference
participants on the need for “differentiated governance ar-
rangements for different kinds of SRM activity.”'*’ A more lim-
ited approach might increase oversight in proportion to the
physical risks of research, whereas a more proactive approach
might consider more broadly the indirect risks of research and
“pursue early progress towards a more comprehensive govern-
ance framework.”*

The SRMGI has refrained from advocating a specific pro-
posal for geoengineering research governance, but others have
not. Proposals vary in their details but frequently contain the
following elements: a coordinating role for governments, a gov-
ernment advisory committee on geoengineering research, a
moratorium on some or all field experiments, a permitting sys-
tem to govern allowed field experiments, and compensation for
harms.

Governments could take an active role in organizing or
promoting geoengineering research, as some proposals advo-
cate.'”” Government leadership would address concerns that
current research is insufficient or poorly prioritized. On a na-
tional basis, governments can coordinate existing research, set
research priorities, and help ensure that policymakers make in-
formed decisions.'’ Internationally, cost-sharing arrangements
or cooperative research programs can stimulate national spend-
ing and promote more cost-effective research.”’ International
cooperation can also coordinate field experiments so that they
do not interfere with one another.'® More generally, formal

141. Id. at 25-26. The report recognized that SRM research activities could
be organized in other ways, but explained that the categorization described
above was used and developed in conference discussions and “has the ad-
vantages of being clear, accessible, and reflecting the full range of potential
SRM research activities.” Id. at 25, 27.

142. Seeid. at 26.

143. Id. at 25, 27.

144. Id. at 55.

145. See Bodansky, supra note 21, at 546.

146. See GAO-10-903, supra note 61, at 39; GOV'T ACCOUNTABILITY OF-
FICE, supra note 52, at 55.

147. See Bodansky, supra note 21, at 546.

148. See BODLE ET AL., supra note 21, at 128.
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government involvement can provide legitimacy to research ac-
tivities, which might otherwise be perceived as rogue experi-
ments.*

Under several proposals, an advisory committee on
geoengineering research would provide expert advice to gov-
ernments regarding oversight, policies, and practices.” A 2011
proposal from the Bipartisan Policy Center’s (BPC) Task Force
on Climate Remediation Research advocates a committee to
provide advice on setting up an adequate research program,
regulating the risks of field experiments, and conducting public
outreach.” This proposal takes the perspective that present re-
search efforts are an insufficient response to climate change
and thus anticipates “little, if any, special scrutiny on a project-
by-project basis” for “low-risk early research.””” Another pro-
posal for an advisory committee, from David E. Winickoff and
Mark B. Brown, urges a generally more cautious approach than
the BPC. Winickoff and Brown’s proposed advisory committee
would “provide detailed advice to the Executive Branch and
government agencies on an oversight framework before the con-
ception and funding of geoengineering research.”” Emphasiz-
ing the importance of developing trusted institutions and pro-
cedures for addressing this controversial subject, Winickoff and
Brown describe “promot[ion of] public deliberation and debate
about values and goals” as a critical function of their proposed
committee.'™

A moratorium on some or all field experiments is an ele-
ment of many proposals. Edward A. Parson and David W. Keith
suggest, for example, distinguishing between projects based on
two thresholds of scale and risk: geoengineering projects and
field experiments beyond a “large” threshold would be subject

149. See Bodansky, supra note 21, at 546.

150. In addition to the proposals discussed above, see Jane C.S. Long &
Dane Scott, Vested Interests and Geoengineering Research, ISSUES SCI. &
TECH., 2013, at 45, 45-52 (suggesting that an independent advisory board
could develop standards and norms for transparency and research manage-
ment), and Parson & Ernst, supra note 32, at 335 (suggesting a “World Com-
mission on Climate Engineering” to advise governments and international or-
ganizations, elicit stakeholder and citizen input, and undertake other tasks).

151. BPC, supra note 52, at 19.

152. Id. at 20.

153. Winickoff & Brown, supra note 5, at 83 (emphasis added). In contrast,
another proposal would insist on a governance framework as a precondition
only for field research outside an “allowed zone’ of experimental parameters
and expected effects.” Morgan et al., supra note 51, at 37, 41.

154. Winickoff & Brown, supra note 5, at 84.
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to a moratorium, whereas field experiments below a “small-
scale” threshold would be allowed to proceed if they comply
with transparency requirements and environmental, health,
and safety rules.”” Parson and Keith sidestep the issue of how
to govern experiments falling between these two thresholds and
focus instead on creating operating space for small, low-risk re-
search. To that end, they contend the proposed moratorium
should “be long and firm enough to allay concern that small re-
search will slide unexamined into deployment.”’* Other com-
mentators urge a broader moratorium on all field testing to al-
low further public deliberation on geoengineering to occur
first."™’

Various proposals also include a permitting system or some
other form of external control. Some proposals would require a
permit for all geoengineering field experiments,” whereas oth-
ers would require a permit only for experiments exceeding spec-
ified thresholds of scale or risk."” Permitting is commonly con-
templated at the national level, but international oversight for
field experiments having international significance or
transboundary effects is also possible.”” A permit requirement

155. Parson & Keith, supra note 16, at 1279. Overall, Parson and Keith
recommend that research be subject to governance “backed by government au-
thority and coordinated internationally,” perhaps through “informal consulta-
tion and coordinated decisions by research-funding and regulatory agencies of
participating governments.” Id.; cf. Ian D. Lloyd & Michael Oppenheimer, On
the Design of an International Governance Framework for Geoengineering,
GLOBAL ENVTL. POL., May 2014, at 45, 53-57 (proposing a similar approach in
which small-scale experiments would be frequently permitted, large-scale ex-
periments with potential transboundary effects would be banned initially but
occasionally permitted as knowledge increases, and large-scale deployment
would be permitted only with consensus approval).

156. Parson & Keith, supra note 16, at 1279.

157. See ETC GRP., GEOPIRACY: THE CASE AGAINST GEOENGINEERING 40
(2010) (urging a moratorium “on all geoengineering activities outside the la-
boratory” “[ulntil there has been a full debate on the course all countries wish
to go”); Clive Hamilton, No, We Should Not Just “At Least Do the Research,”
496 NATURE 139, 139 (2013) (identifying various questions to be answered be-
fore further research is undertaken); Michael Ziirn & Stefan Schifer, The
Paradox of Climate Engineering, 4 GLOBAL POL’Y 266, 274 (2013) (proposing a
“time-limited moratorium” on field testing).

158. See, e.g., BODLE ET AL., supra note 21, at 142.

159. See, e.g., Parson & Ernst, supra note 32, at 326; c¢f. ROYAL S0C’Y, su-
pra note 28, at 41 (contending “[t]here is a clear need for governance of re-
search involving large-scale field testing,” without specifying the form such
governance might take).

160. See HOUSE OF COMMONS SCI. & TECH. COMM., THE REGULATION OF
GEOENGINEERING 38 (2010) (U.K.) (suggesting that “small tests of SRM
geoengineering” having negligible or predictable environmental impacts and
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can ensure prior assessment, mitigation, and monitoring of a
field experiment’s environmental impacts.””’ Such a require-
ment would build on actions already taken under the LC/LP
and CBD.'” As noted above, the permitting contemplated under
the LC/LP is limited to scientific research on ocean fertilization
and other marine geoengineering techniques.'® Meanwhile, the
decision by the CBD parties allows for small-scale scientific re-
search studies “conducted in a controlled setting,” but does
nothing to establish a permitting scheme."

Finally, some proposals suggest the creation of a liability
and compensation system to address harms that might result
from field experiments.'” Geoengineering deployment raises li-
ability concerns most pointedly,'” but field experiments also
could have adverse environmental consequences warranting
compensation.”” Designing a compensation system would re-
quire the resolution of difficult questions of harm, causation,
and responsibility.'*

no transboundary effects be allowed if in accordance with internationally ac-
cepted principles, and that larger scale tests be regulated).

161. See Resolution LP.4(8), supra note 82, annex 4, at 8; Parson & Ernst,
supra note 32, at 327.

162. See Till Markus & Harald Ginzky, Regulating Climate Engineering:
Paradigmatic Aspects of the Regulation of Ocean Fertilization, 4 CARBON &
CLIMATE L. REV. 477, 484-86 (2011) (discussing how assessment framework
for evaluating ocean fertilization experiments could serve as a model for other
geoengineering regulatory efforts).

163. Resolution LP.4(8), supra note 82.

164. Decision by the Parties to the CBD, supra note 87, I 8(w).

165. See Joshua B. Horton et al., Liability for Solar Geoengineering: Histor-
ical Precedents, Contemporary Innovations, and Governance Possibilities, 22
N.Y.U. ENVTL. L.J. 225, 237-45 (2015); Parson & Ernst, supra note 32, at 326;
Jesse L. Reynolds, An Economic Analysis of Liability and Compensation for
Harm from Large-Scale Field Research in Solar Climate Engineering, 5 CLI-
MATE L. 182, 192-202 (2015).

166. See, e.g., Toby Svoboda & Peter J. Irvine, Ethical and Technical Chal-
lenges in Compensating for Harm Due to Solar Radiation Management
Geoengineering, 17 ETHICS POL’Y & ENV'T 157 (2014); Joshua B. Horton et al.,
Solar Geoengineering and the Problem of Liability, GEOENGINEERING OUR
CLIMATE? (Nov. 19, 2013), http:/geoengineeringourclimate.files.wordpress
.com/2013/11/horton-et-al-2013-solar-geoengineering-and-the-problem-of
-liability-click-for-download.pdf; Pak-Hang Wong et al., Compensation for
Geoengineering Harms and No-Fault Climate Change Compensation (Climate
Geoengineering Governance Working Paper Series, Paper No. 003, 2014),
http://geoengineering-governance-research.org/perch/resources/
workingpaper8wongdouglassavulescucompensationfinal-.pdf.

167. See Dilling & Hauser, supra note 20, at 557.

168. See id.; Parson & Ernst, supra note 32, at 326; Svoboda & Irvine, su-
pra note 166, at 161-70.
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2. Existing Proposals Focus on Physical Risks

Viewed collectively, existing proposals for governing
geoengineering research focus on physical risks.'® This focus is
apparent from what these proposals do—and do not—contain.
First, no proposals call for oversight of indoor research. Such
research poses virtually no threat of physical harm, and its
regulation in any case is politically unlikely."” Second, pro-
posals to regulate field experiments generally tailor the amount
of scrutiny to the scale of the experiment and expected ef-
fects.'”" The most stringent oversight would correspond to ex-
periments posing the greatest potential physical risk, whereas
experiments posing little potential physical risk would likely
escape oversight altogether. The scope of proposed moratoria on
field experiments further illustrates the emphasis on physical
risk. For instance, Parson and Keith’s proposed moratorium
would apply only to those field experiments whose effects sur-
pass defined thresholds of damage or risk. In sum, each of the-
se features reflects a desire to strike a balance between the