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Governing Experimental Responses
Negative Emissions Technologies and Solar Climate

Engineering

JESSE REYNOLDS

16.1 Introduction

Parties to the 2015 Paris Agreement strive to ‘hold . . . the increase in the global
average temperature to well below 2°C above pre-industrial levels and to
pursue efforts to limit the temperature increase to 1.5°C’ (UNFCCC, 2015:
Article 2.1[a]). In response to the growing realisation that atmospheric green-
house gas (GHG) levels will likely exceed the concentrations associated with
these goals, some scientists and others are researching responses that are novel,
experimental and technological. They suggest the consideration of intentional,
large-scale interventions in earth systems to reduce climate change. Since the
mid-2000s, discussions of these ‘climate engineering’ or ‘geoengineering’ tech-
niques have steadily moved from the fringes of climate change discourses
towards the mainstream.
A seminal 2009 report on climate engineering by the United Kingdom’s Royal

Society concluded, among other things, that ‘[t]he greatest challenges to the
successful deployment of geoengineering may be the social, ethical, legal and
political issues associated with governance, rather than scientific and technical
issues’ (Shepherd et al., 2009: xiii). Given that some of these proposed techni-
ques appear to have the potential to substantially reduce climate change, while
posing risks of their own, climate engineering governance has emerged as
a salient issue.
This chapter places the governance of climate engineering in a polycentric

governance conceptual framework. Following an introduction to climate engi-
neering proposals and their governance needs, I discuss existing climate
engineering governance. The chapter then explores the extent to which climate
engineering governance is polycentric, prospects for its future polycentricity and
what – if anything – this implies for climate governance more generally.
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16.2 Climate Engineering

Proposed climate engineering techniques are diverse with respect to their means of
operation, current levels of development and readiness, capacities to reduce cli-
mate change, forecast costs, speeds, co-benefits, environmental and social risks and
uncertainties. They also vary in their political aspects, including their incentive
structures, likely roles of public and private actors, degrees of integration in climate
policy discourses and governance needs.
Climate engineering would operate through one of two distinct primary means.

The first would be to remove carbon dioxide from the atmosphere and sequester it
for a long time (McNutt et al., 2015a). Generally, these ‘carbon dioxide removal’,
‘greenhouse gas removal’ or ‘negative emissions technologies’ (NETs) would –
relative to the second primary means of climate engineering – be expensive, act
slowly, pose low and local risks that differ among the specific proposed techniques,
address climate change close to its cause and intervene less forcefully into natural
systems.
Brief descriptions of some proposed NETs, their capacities to remove carbon

dioxide and their risks can concretise the concept. First, machines could extract
carbon dioxide from the air and then store or reuse it. This ‘direct air capture’
appears to have great sequestration capacity, poses little risk besides that of
leakage (carbon dioxide is poisonous at high concentrations) and is presently
being developed by a few private firms (Marshall, 2017). Second, plants could be
grown – a process that captures atmospheric carbon dioxide – and then burnt to
produce energy while the emitted carbon dioxide could be captured and stored. At
large scales, this ‘bioenergy with carbon capture and storage’would require large
amounts of arable land, constraining its capacity, increasing food prices and
threatening biodiversity. Bioenergy with carbon capture and storage would, like
direct air capture, also have leakage risks. Third, the locally limiting nutrient
could be added to marine waters, increasing the growth of plankton that indirectly
incorporate atmospheric carbon dioxide. Such ‘ocean fertilisation’ would pose
risks to marine ecosystems and would be difficult to verify. It was the subject of
more than a dozen field trials in the 1990s and 2000s, but interest has since
declined due to public controversy and disappointing and uncertain results.
Finally, industrial processes could accelerate the natural weathering of minerals,
through which carbon dioxide transforms into a dissolved salt. Some tests have
been conducted, but scaling them up would be challenging. Although each NET
could contribute to lower atmospheric GHG concentrations, none could resolve
the problem singlehandedly.
NETs have become partially integrated into the climate policy mainstream. The

more optimistic emissions scenarios include large amounts of NETs. Specifically,
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the Representative Concentration Pathways used by the Intergovernmental Panel
on Climate Change (IPCC) that are expected to keep global warming below 2°C
assume the implementation of bioenergy with carbon capture and storage at
remarkable scales, on the order of 10 gigatons of carbon dioxide per year (van
Vuuren et al., 2011; Fuss et al., 2014: 851). To give a sense of that magnitude, this
would be more than double the mass of current annually global harvested crops,
which is four gigatons per year (Alexander et al., 2017: 194). Many observers note
that such assumptions might have problematic consequences: unrealistic expecta-
tions could be fuelled and emission abatement efforts could be undermined
(Anderson and Peters, 2016). Since the mid-2000s, NETs have become the subject
of dedicated but modest funding mechanisms, academic research, attention from
advocacy organisations and limited private investment.
NETs would have governance needs akin to emissions abatement. This is

because, for both practices, the actor implementing the NET would bear the
costs and risks while the entire globe would share the benefits of lower GHG
concentrations. NETs thus present a global collective action problem and the
associated challenge of free-riders. To be effective, governance would need to:
incentivise NETs’ research, development and implementation; monitor, report
and verify their use; assure those who use them that others are not free-riding;
minimise environmental and social risks; and compensate those who have been
harmed. As with other climate-related technologies, governance should also
facilitate knowledge transfer and learning, including internationally. Together,
these needs imply that NETs governance could in principle consist of a mix of
global, national, subnational and private governance instruments and
institutions.
The second general means of climate engineering would be to block or reflect

a small portion of the planet’s incoming solar radiation, which would counteract
climatic change (McNutt et al., 2015b).1 Generally, these solar climate engineering
(SCE) or ‘solar radiation management’ techniques would – relative to NETs – be
inexpensive and rapidly effective, pose serious environmental and social risks, treat
merely the symptoms of climate change and intervene forcefully into natural
systems. At a gross level, SCE appears to be able to greatly reduce climate change
and concomitant risks. Presently, SCE remains largely outside of mainstream
climate policy discourses, although that appears to be slowly changing. Research
funding has been ad hoc, advocacy organisations’ interest has been minimal and
there are no SCE businesses. Dedicated, explicit outdoor experiments of SCE
techniques are planned but have not yet been conducted (Keith, Duren and
MacMartin, 2014; Gertner, 2017).
Two proposed SCE techniques hold particular potential. In the leading one,

small aerosol particles would be injected into the stratosphere, blocking some
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incoming sunlight and cooling the planet, similar to how large volcanoes do. This
‘stratospheric aerosol injection’ appears to be technically feasible and has the
capacity for nearly unlimited cooling. The second technique would involve spray-
ing seawater upward as a fine mist. After evaporation, the remaining salt particles
would act as cloud condensation nuclei and cause marine clouds to be brighter.
Such ‘marine cloud brightening’ faces technical hurdles, but could, in theory,
compensate for perhaps 1°C or 2°C warming.
As noted, SCE would pose environmental and social risks. First, it would

unevenly compensate anthropogenic changes in temperature and precipitation,
resulting in areas with residual climatic anomalies. Second, the leading candidate
material for stratospheric aerosol injection – sulphur – could damage strato-
spheric ozone, although other materials are under consideration. Third, countries
and other actors might disagree about the timing, form and intensity of SCE
implementation, a possibility made more problematic by the apparent low direct
financial costs and technical feasibility of SCE. Fourth, if SCE were to stop
suddenly for some reason after a long implementation period at a strong intensity,
the planet’s climate would rapidly experience the previously suppressed climate
change. Finally, as with NETs, SCE’s development might undermine conven-
tional emissions abatement efforts.
The primary governance needs of SCE are distinct from those of NETs and

emissions abatement, for two reasons. First, not only SCE’s reduction of climate
change but also its environmental risks would be global. This implies that govern-
ance of SCE implementation would ultimately need to likewise be global and –
given the high stakes – likely state-centric. Second, SCE appears to have such low
direct implementation costs and to be so effective at reducing climatic anomalies
that it could – at least in principle – be in the self-interest of a single country to
implement it unilaterally and bear all the financial costs. Thus, instead of the free-
rider problems of emissions abatement and NETs, SCE would face a ‘free-driver’
problem, in which states would provide it excessively and prematurely (Weitzman,
2015). The primary governance challenge would thus be one of mutual restraint
(Barrett, 2007). At the same time, SCE shares some other governance needs with
NETs. For example, within countries, its research and development would still be
a public good and thus need to be encouraged through, for example, grants.
Internationally, research should be coordinated and collaboration facilitated.
Governance should also reduce environmental and social risks as well as arrange
compensation for any harmed groups. These secondary governance activities need
not be centralised, but might benefit from it.
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16.3 Current Governance

16.3.1 International Legal Instruments and Institutions

Given the transboundary and even global impacts of both climate change and
climate engineering, as well as the low level of national and non-state climate
engineering governance activity, existing international legal instruments and insti-
tutions offer a foundation for climate engineering governance (Reynolds, 2014).
Their implications vary for the different climate engineering techniques, and
especially between NETs and SCE. Furthermore, because existing international
law was not developed with climate engineering in mind, interpretation is central.
A central challenge here is that both climate engineering and the climate change
that it would seek to reduce pose environmental risks. Indeed, both phenomena
satisfy definitions of ‘pollution’, ‘adverse effects’ and ‘damage’ in various inter-
national environmental agreements.
International law presumptively permits countries to undertake and to allow

actions conducted by legal persons under their control. Indeed, the sovereign right
of states to exploit their natural resources as they see fit is a foundational principle
of international law (UNGA, 1992: Annex I, Principle 2). At the same time, if their
own activities or activities under their control pose risks of significant environ-
mental harm that would cross borders or affect areas beyond national jurisdiction,
countries have the obligation to prevent and reduce such transboundary harm by
exercising due diligence pursuant to customary international law. This duty
includes taking measures to prevent or reduce potential harm; review by national
authorities; prior environmental impact assessment; notification of, consultation
with and cooperation with the likely affected public and countries; emergency
plans; and monitoring. Some climate engineering activities, particularly the large-
scale field research and implementation of SCE and of ocean fertilisation, would
pose transboundary risks, and – in those cases – countries would have these
obligations. If a state’s actions that are contrary to international law were to have
negative transboundary impacts, then the customary international law of state
responsibility would be applicable. In that case, the state should: cease the activity;
assure that it will not recur; provide reparations through restitution, compensation
and satisfaction; and offer victims access to legal remedies.
Among treaties, the regime established by the United Nations Framework

Convention on Climate Change (UNFCCC) appears to be a logical home for
international climate engineering governance. Yet the climate agreements are, in
some ways, ambiguous in this respect, which is largely understandable given that
the first two of the three treaties of the regime were developed before climate
engineering was subject to more than marginal consideration. The UNFCCC does
not restrict how states may help stabilise GHG concentrations, and the Paris
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Agreement largely leaves it up to individual states how they will contribute to
limiting global warming to its targets. Furthermore, the institutions related to the
UNFCCC – such as its Conferences of Parties and its Subsidiary Body for
Scientific and Technological Advice – have been noticeably silent on climate
engineering.
Nevertheless, NETs do fall clearly within the purview of the UNFCCC.

The objective of the UNFCCC is the rapid ‘stabilisation of atmospheric GHG
concentrations at a level that would prevent dangerous anthropogenic interfer-
ence with the climate system’, and the acceptable means of doing so explicitly
include the enhancement of sinks and reservoirs of GHGs (UNFCCC, 1992:
Articles 2 and 4.1[d]). Parties to its 1997 Kyoto Protocol agree to research and
promote ‘carbon dioxide sequestration technologies’ (UNFCCC, 1997: Article
2.1[a][iv]). Furthermore, the Paris Agreement calls for limiting global warming
by achieving ‘a balance between anthropogenic emissions by sources and
removals by sinks of greenhouse gases’ (UNFCCC, 2015: Article 4.1). In order
to integrate NETs into the climate regime, parties to these treaties should agree
upon the extent to which they may rely upon NETs in their emissions reporting
and trading systems. Parties to the UNFCCC have already adopted rules with
respect to land use, land use changes and forestry – which resemble NETs – but
this has been protracted and challenging. Such a process for the diverse proposed
NETs would likely be as well.
How the climate regime might govern SCE is much less clear. The technologies

have a less clear relationship with the objective of the UNFCCC. Specifically, SCE
could decrease ‘anthropogenic interference with the climate system’ caused by
GHGs, in turn allowing for greater atmospheric GHG concentrations. Regardless,
SCE could contribute to the the objective of the Paris Agreement (UNFCCC, 2015:
Article 2.1[a]). Both agreements are implicitly favourable to at least the research
and development of SCE. The UNFCCC’s hortatory passages call for states to
rapidly and inexpensively minimise the adverse effects of climate change ‘so as to
ensure global benefits at the lowest possible cost’, for anthropocentric reasons and
balanced with goals that include economic development and food production
(UNFCCC, 1992: Articles 1.1, 2, 3.1 and 3.3). In addition, UNFCCC parties
made multiple commitments to undertake research and to develop and diffuse
new technologies (UNFCCC, 1992: Articles 4.1[g] and [h], 4.3, 4.7, 4.8, 4.9 and
11.1). SCE research, development and possible implementation could contribute to
these goals.
Among climate engineering techniques, ocean fertilisation is an exception in that

international legal institutions have given it specific attention. In the late 2000s, two
private firms announced their intentions to fertilise the ocean in order to sell carbon
credits, despite the uncertainty regarding the effectiveness of the techniques, the
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possible environmental impacts and the marketability of the credits. The United
Nations General Assembly and an ad hoc consultative group to the
Intergovernmental Oceanographic Commission of the United Nations
Educational, Scientific and Cultural Organisation (UNESCO) released statements
that emphasised both the potential and the risks of ocean fertilisation (UNGA,
2007; IOC-UNESCO, 2008: 2–3). The parties to the London Convention and
London Protocol, which regulate ocean dumping, established a working group
and the Legal Intersessional Correspondence Group on ocean fertilisation, and
agreed that ocean fertilisation should not be allowed except for legitimate scientific
research (IMO, 2008). They later developed an assessment framework for deter-
mining whether a proposed activity qualifies as legitimate scientific research (IMO,
2010). In 2013, the London Protocol parties approved an amendment, not yet in
force, to that agreement. This would apply a similar standard to the broader
category of ‘marine geoengineering’, which could include some forms of both
NETs and SCE undertaken in the marine environment (IMO, 2013). Furthermore,
the Joint Group of Experts on the Scientific Aspects of Marine Environmental
Protection of the International Maritime Organisation established a working group
on marine geoengineering to, among other things, help operationalise this amend-
ment (GESAMP, n.d.).
Meanwhile, the parties to the Convention on Biological Diversity (CBD)

expressed their concern and requested that countries not allow ocean fertilisation,
except for small-scale studies, until there is an adequate scientific basis, considera-
tion of the risks and effective regulation (CBD COP, 2008: paragraph C.4). They
went on to later broaden their statement to include all climate engineering activities
that may affect biodiversity (CBD COP, 2010: Paragraph 8[w]). In 2016, they
reaffirmed their previous statements while also noting that more research is needed
(CBD COP, 2016). The CBD statements are the only outputs of an international
legal institution with widespread participation that address climate engineering in
its entirety.
The United Nations Convention of the Law of the Sea is another international

legal agreement with broad participation that could contribute to international
climate engineering governance. This could apply to a wide range of climate
engineering techniques because its parties have committed to protect and preserve
the marine environment, which is usually understood to include the marine atmo-
sphere (UNCLOS, 1982: Article 192; Frank, 2007: 12). In this, they are to – among
other things – ‘prevent, reduce and control pollution of the marine environment
from any source’, including from land-based sources (UNCLOS, 1982: Article
194). Notably, the definition of pollution in the United Nations Convention of the
Law of the Sea implicitly includes GHGs, global warming and – if it were likely to
have deleterious effects on people and the marine environment – climate
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engineering (UNCLOS, 1982: Article 1.1[4]). Applying such provisions to climate
engineering would require a difficult balancing of the impacts on the marine
environment of climate change and climate engineering.
A handful of other international legal instruments could also play roles. First,

many climate engineering techniques would satisfy the definition of ‘environmen-
tal modification’ under the Convention on the Prohibition of Military or Any Other
Hostile Use of Environmental Modification Techniques (UNGA, 1976: Article II).
The parties to this agreement would be obligated to refrain from military and
hostile uses of climate engineering that would have widespread, long-lasting or
severe effects as their means of harm (UNGA, 1976: Article I.1). At the same time,
the treaty calls for the peaceful development of environmental modification
(UNGA, 1976: Preamble and Article III). Second, if stratospheric aerosol injection
SCE were to contribute to the depletion of stratospheric ozone – as sulphur, the
leading candidate substance, might – then the Vienna Convention for the Protection
of the Ozone Layer and its Montreal Protocol could regulate the activity. Third,
stratospheric aerosol injection SCE with sulphur could also fall within the purview
of the Convention on Long-Range Transboundary Air Pollution and its protocols.
Under this treaty, European and North American countries agreed to reduce acid
rain precursors, including atmospheric sulphur. Finally, the Governing Council of
the United Nations Environment Programme (UNEP) developed nonbinding
Provisions for Co-operation between States in Weather Modification. As with the
Environmental Modification Convention, many climate engineering methods –
especially SCE – would satisfy this document’s definition of weather modification
(UNEP, 1980: footnote). It is supportive of weather modification ‘dedicated to the
benefit of mankind [sic] and the environment’, asks states not to use it to harm other
states’ environments and areas beyond national jurisdiction and calls for interna-
tional cooperation and communication (UNEP, 1980: paragraphs 1[a], 1[b], 1[f]
and 1[h]).
Finally, some intergovernmental institutions have engaged with climate engi-

neering. For example, the IPCC held an expert meeting on climate engineering and
is expected to dedicate a chapter to the topic in its next Assessment Report
(Edenhofer et al., 2012; Goldenberg, 2016). Meanwhile, the IPCC special report
on the 1.5°C goal will, among other things, assess the ability of NETs to contribute
to the goal (IPCC, 2016). UNESCO hosted an expert meeting, whose participants
proposed an international climate engineering research programme sponsored by
UNESCO’s Intergovernmental Oceanographic Commission, the International
Council for Science and the World Meteorological Organization (UNESCO,
2010). That latter institution is developing a position statement on climate engi-
neering (Bruintjes, 2015). In this process, it will reportedly cooperate with the
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World Climate Research Programme, the Intergovernmental Oceanographic
Commission, the International Maritime Organization and other bodies.

16.3.2 Countries and the European Union

States either are involved in climate engineering governance only at the margin or
are absent entirely. In addition to participating in the CBD and London
Convention and London Protocol negotiations described earlier in this chapter,
a few countries have taken specific actions in this area. The governments of both
the United Kingdom and Germany have issued reports, offered dedicated funding
for research and issued official statements that cautiously support the considera-
tion of climate engineering (UK Department of Energy and Climate Change,
2010; Schütte, 2014). The governments of China, Finland, India, Japan and
Norway have financially supported climate engineering research. The Russian
government’s comments on an IPCC report encouraged continued research into
climate engineering as a ‘possible solution’ (IPCC, 2014: 2). In the United States,
a report issued during the last month of the Obama administration recommended
federal funding of climate engineering research (US Global Change Research
Program, 2017). By contrast, Bolivia’s leadership has opposed climate engineer-
ing (Estado Plurinacional de Bolivia, 2011). Finally, although the European
Union (EU) is not a country, its leadership establishes the contours of the climate
policies of its Member States in a quasi-federal manner. The EU has funded two
international climate engineering research projects and its Commissioner for
Climate Action and Energy implied that NETs might be part of the future climate
policy mix of the EU (Neslen, 2015).

16.3.3 Non-state Actors

Some non-state actors have contributed in various ways to climate engineering
governance (see also Zelli, Möller and van Asselt, 2017). This section reviews their
activities in five categories, although the lines distinguishing them are not com-
pletely clear. First, several scientific and professional organisations have made
assessments, offered recommendations and taken positions. The reports of the
United Kingdom’s Royal Society and the US National Academies have been
particularly influential (Shepherd et al., 2009; McNutt et al., 2015a, 2015b).
Other organisations that have taken positions on climate engineering include the
American Meteorological Society, the American Geophysical Union, the
Institution of Mechanical Engineers and the International Commission on Clouds
and Precipitation of the International Association ofMeteorology and Atmospheric
Sciences. In the case of ocean fertilisation, more than a dozen universities and other
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research institutions formed the In-Situ Iron Studies Consortium in order to
promote research, including compliance with the standards of the London
Convention and London Protocol. Each of these scientific and professional orga-
nisations called for further climate engineering research.
Policy-oriented and advocacy non-governmental organisations constitute

another broad category of non-state actors. The Carnegie Climate
Geoengineering Governance Initiative, led by a veteran international climate
policy negotiator, facilitates the development of climate engineering governance
in the global policy arena. The Solar Radiation Management Governance Initiative
increases the involvement of developing countries and their residents in SCE
discourses. In addition, a few environmental groups have taken a range of positions
regarding climate engineering. Those whose platforms are more oriented towards
the inherent value of nature and are more critical of existing social and institutional
arrangements more frequently oppose climate engineering (e.g. Greenpeace
International, 2010). By contrast, those that are more concerned with reducing
demonstrable negative impacts on people, species and ecosystems and are less
critical of existing arrangements are more likely to cautiously endorse climate
engineering research (e.g. Environmental Defense Fund, 2015). Environmental
groups are generally more strongly opposed to (or less supportive of) SCE than
NETs (e.g. Friends of the Earth UK, 2009). Regardless, even these environmental
organisations dedicate few resources to climate engineering, and many are reluc-
tant to discuss it (Nicholson et al., 2013). Finally, from a different perspective, the
conservative think tank American Enterprise Institute housed a small project on
climate engineering for a few years.
Third, a handful of philanthropists and foundations have supported climate

engineering research. For example, Bill Gates has done so via a special fund, and
Richard Branson has offered a $25million prize for a scalable and sustainable NET.
Other sources include more established ones such as the Hewlett and Sloan
foundations.
Businesses – primarily small ones – have invested in NETs but are absent

from SCE. This is consistent with the prospect that the former, like mitigation,
could be a profitable enterprise in the presence of a sufficiently large carbon
price, whereas there will likely be little direct financial incentive for the latter.
As noted earlier, the proposals of two now-defunct firms to commercialise
ocean fertilisation catalysed its governance through international legal instru-
ments and institutions, and a third company’s actions generated further con-
troversy. One of these first two – Climos – developed a code of responsible
conduct of ocean fertilisation (Climos, 2007). Other small businesses are
developing direct air capture and enhanced weathering with an eye towards
eventual profit. Among large firms, Shell issued a report on net zero emissions
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that includes NETs in several scenarios, but its chief climate change adviser is
sceptical of SCE (Shell, 2016; Hone, 2017).
Scholars are the final category of non-state actors who have participated in

climate engineering governance. Of course, many of them have written articles,
chapters and books in the natural and social sciences that might satisfy the defini-
tion of governance. They have also contributed to the activities of scientific and
professional organisations described earlier. Some have proactively helped build
bridges from the present absence of dedicated legal instruments and institutions to
a future of international governance. For example, the Forum for Climate
Engineering Assessment at American University expands and strengthens the
discussions of climate engineering and its governance. Other scholars have pro-
posed general principles for climate engineering, emphasising transparency, public
participation and independent assessment (MacCracken et al., 2010; Long et al.,
2011: 13–14; Rayner et al., 2013). These principles are now being detailed as
a proposed code of conduct for climate engineering research that is based upon
international environmental law (Hubert, 2017).

16.4 Analysis

This volume describes and assesses polycentric theories of climate governance in
which decision-making sites are plural, diverse and multilevel. In these, climate
governance is not enacted monocentrically via national and international law, but
instead through a dynamic and innovative transnational network of governing
rules, institutions and actors who govern in divergent ways (see Chapter 1).
The present governance of climate engineering is consistent with a polycentric

view, in that numerous varied governing units operate at multiple scales and
relate to each other non-hierarchically while remaining fairly autonomous within
their own domains. However, from a perspective that is somewhat sceptical of the
polycentricity of SCE governance, climate engineering governance could be seen
as polycentric merely by default. The technological proposals that constitute
climate engineering arose in a context of existing governing instruments and
institutions that had been developed for other purposes and that climate engineer-
ing and its constituent elements happen to transect. The fact that numerous
international legal instruments and institutions with diverse objectives, scopes,
degrees of legalisation and participation would govern climate engineering
activities could be a haphazard outcome rather than a polycentric one.
However, this interpretation of polycentric governance relies on a narrow, legal
understanding of governance.
An alternate – and arguably more accurate – perspective rests on a broader

understanding of governance. Seen through this lens, the previous section shows
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that heterogeneous intergovernmental, national and non-state actors have taken
steps to intentionally direct their own and others’ behaviour so that climate
engineering will be more likely to develop responsibly. They have sometimes
done so in ways that are innovative, arguably due to climate engineering’s novel
and dynamic character. For example, the UNFCCC and the IPCC are gradually
incorporating NETs, while parties to the CBD voice concern regarding climate
engineering more generally. Meanwhile, some countries, the EU and philanthro-
pists are funding research, and various non-state actors help set the agenda,
broker knowledge and suggest foundational norms from the bottom up.
Ultimately, the resulting governance remains inchoate and inconsistent.
Climate engineering governance exhibits three specific characteristics that are at

least indicative of polycentric governance. First, these instances of governance are,
as Ostrom suggested, developing within an overarching set of rules, in this case
international environmental law. When they have substantially diverged, it has
often been due to differing interpretations of legal principles and instruments in
a de novo situation. Second, governing actors have experimented under these
dynamic and uncertain conditions. For example, the amendment to the London
Protocol would expand the application of the treaty beyond marine dumping to all
‘marine geoengineering’. Third, these actors have responded to each other, via
processes of mutual adjustment. The dynamic between the parties to the CBD and
those to the London Convention and London Protocol, as they negotiated their
regulatory boundaries with respect to marine geoengineering from 2007 to 2013, is
illustrative of this.
On the other hand, upon closer investigation, the latter two of these three

characteristics that indicate polycentricity are less convincing. Although governing
actors have experimented, this has not been the ‘typical’ policy experimentation
that Ostrom had in mind, in which roughly similar governing units independently
try different approaches to a given problem, and subsequently mutually learn. And
although they have adjusted to one another, instead of learning and collaboration
that usually constitutes adjustment in theories of polycentric governance, this
adjustment appears necessary under legal and scientific uncertainty.
We can expect climate engineering to change in the future, both technologically

and socially. Howmight climate engineering governance respond? In the relatively
short term, it appears likely to continue to be polycentric, if not increasingly so.
The various proposed techniques pose multiple opportunities and challenges, and
innovation’s dynamism calls for governance practices that can experiment and
adapt. In fact, the speed of technological change often surpasses the ability of
governance to adapt, presenting legal challenges and regulatory dilemmas
(Collingridge, 1980; Brownsword, 2008). Not only are the usual sites of hierarch-
ical and static governance (e.g. intergovernmental and national actors) poorly
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structured to govern in this way but their leaders also have little incentive to tread
into this politically treacherous terrain (Horton and Reynolds, 2016). Instead,
a wider array of non-state actors – including funders, research institutions, publish-
ers, investors and entrepreneurs – could play substantial roles in coordinating
climate engineering activities, fostering cooperation and ensuring responsible
practices. As these activities expand, for-profit actors will likely assume a higher
profile, particularly in relation to NETs (but see Reynolds, Contreras and Sarnoff,
2017). To some extent, national and subnational actors can manage some of climate
engineering’s local environmental and social impacts. Furthermore, several inter-
national institutions have remits that touch upon climate engineering, and these
bodies can be expected to compete and cooperate in contributing to governance.
Even if these diverse governing actors did seek centralised and harmonised gov-
ernance, reaching agreement in such an uncertain and contested terrain would be
difficult. Heterogeneity is likely to persist.
The case of ocean fertilisation lends support to this expectation of continued or

growing polycentricity. That technology was researched and debated, and its
governance developed, earlier and to a greater extent than the other proposed
climate engineering technologies. Notably, although it is an NET, its governance
needs resemble those of SCE: it would pose environmental risks in areas beyond
national jurisdiction and researchers once believed (but no longer do) that it could
greatly reduce climate change at low financial costs (McNutt et al., 2015a: 47–53).
Its governance is both more mature and noticeably more polycentric. Here, numer-
ous and varied intergovernmental bodies, national governments, scientific and
professional societies, environmental organisations, businesses and scientists
have each exercised governance authority within their domains in ways that are
alternately mutually reinforcing and partially conflictual.

16.5 Conclusions

In the longer term, there might be limits to this polycentricity. According tomodels,
NETs should scale up dramatically in order to prevent dangerous climate change.
Given the costs and local risks, states and other actors will be reluctant to provide
such a public good without incentives to do so and assurances that others are
likewise contributing. Although the bottom-up (but still centrally coordinated)
Paris Agreement might offer a sufficient framework to facilitate NETs, more
centralised mechanisms such as an international carbon price will be needed to
grow if NETs are to scale up in practice. In the case of SCE, the long-term limits of
polycentric governance are even clearer. On the scale of outdoor experiments that
would have global effects, central coordination would be necessary to, at the very
least, ensure that the tests do not interfere with one another. More importantly,
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activities that would affect the global climate would need some sort of international
agreement in order to be perceived as legitimate. Because climate has impacts on
core national interests, such as food production and extremeweather events, states –
especially the powerful ones –will likely insist upon taking the lead in this process.
Polycentric governance would be poorly suited to resolve possible strategic con-
flicts among states.
The implications of the governance of climate engineering for that of climate

change more generally are uncertain, as the two phenomena have distinct histories
and trajectories. The rise of concerns regarding anthropogenic climate change in the
late 1980s quickly led to an international treaty that attracted universal participation.
Subsequent governance was assumed – at least implicitly – to be global and
hierarchical to some degree. Roughly 15 years later, both the uncertainty of the
Kyoto Protocol’s actual impact as well as the need for adaptation, which is less
amenable to international governance, became clear. Consequently, the assumptions
regarding centralised climate governance began to yield insights regarding the
reality and potential of polycentric governance (see e.g. Prins et al., 2010).
By contrast, as described earlier, discussions of climate engineering arose within
and across an already diverse governance landscape. However, in the long run,
climate engineering – and especially SCE – appears likely to require a form of
governance that is substantially more monocentric than is in existence in the world
today. This need is more acute if we are to achieve the goals of the Paris Agreement.

Note

1. Cirrus cloud removal is a third distinct means, but is less well developed than the first two and has
governance needs much like those of SCE.

References

Alexander, P., Brown, C. and Arneth, A. et al. (2017). Losses, inefficiencies and waste in
the global food system. Agricultural Systems, 153, 190–200.

Anderson, K. and Peters, G. (2016). The trouble with negative emissions. Science, 354
(6309), 182–183.

Barrett, S. (2007).Why Cooperate? The Incentive to Supply Global Public Goods. Oxford:
Oxford University Press.

Brownsword, R. (2008). Rights, Regulation, and the Technological Revolution. Oxford:
Oxford University Press.

Bruintjes, R. (2015). Report of the Expert Team on Weather Modification Meeting.
Available at: www.wmo.int/pages/prog/arep/wwrp/new/documents/WMO_
expert_mtg_Phisanulok_2015_report_FINAL.pdf [Accessed 27 September 2017].

Conference of the Parties to the Convention on Biological Diversity (CBD COP). (2008).
Decision adopted by the Conference of the Parties to the Convention on Biological

298 Reynolds

available at https://www.cambridge.org/core/terms. https://www.cambridge.org/core/product/033486F6DA7F2CD1F8F3D6011B17909B
Downloaded from https://www.cambridge.org/core. IP address: 77.160.221.228, on 04 May 2018 at 12:13:00, subject to the Cambridge Core terms of use,

http://www.wmo.int/pages/prog/arep/wwrp/new/documents/WMO_expert_mtg_Phisanulok_2015_report_FINAL.pdf
http://www.wmo.int/pages/prog/arep/wwrp/new/documents/WMO_expert_mtg_Phisanulok_2015_report_FINAL.pdf
https://www.cambridge.org/core/terms
https://www.cambridge.org/core
https://www.cambridge.org/core/product/033486F6DA7F2CD1F8F3D6011B17909B


Diversity: IX/16. Biodiversity and Climate Change. UN Doc. UNEP/CBD/COP/ DEC/
IX/16. Montreal: Convention on Biological Diversity.

Conference of the Parties to the Convention on Biological Diversity (CBD COP). (2010).
Decision adopted by the Conference of the Parties to the Convention on Biological
Diversity: X/33. Biodiversity and Climate Change. UN Doc. UNEP/CBD/COP/X/33.
Montreal: Convention on Biological Diversity.

Conference of the Parties to the Convention on Biological Diversity (CBD COP). (2016).
Decision adopted by the Conference of the Parties to the Convention on Biological
Diversity: XIII/14.Climate–related Geoengineering. UNDoc. CBD/COP/DEC/XIII/14.
Montreal: Convention on Biological Diversity.

Climos. (2007). Climos Code of Conduct for Ocean Fertilisation Projects. Available at:
www.climos.com/standards/codeofconduct.pdf [Accessed 26 June 2017].

Collingridge, D. (1980). The Social Control of Technology. New York: St. Martin.
Edenhofer, O., Pichs-Madruga, R. and Sokona, Y. et al. (eds.). (2012). IPCC Expert

Meeting on Geoengineering Lima, Peru 20–22 June 2011 Meeting Report. Potsdam:
IPCC Working Group III Technical Support Unit.

Environmental Defense Fund. (2015). Our Position on Geoengineering. Available at: www
.edf.org/climate/our-position-geoengineering [Accessed 27 September 2017].

Estado Plurinacional de Bolivia. (2011). Submission to Joint Workshop of Experts on
Geoengineering, Lima, Peru, 20–22 June. Available at: https://unfccc.int/files/meet
ings/ad_hoc_working_groups/lca/application/pdf/bolivian_submission_on_geoingen
eering.pdf [Accessed 27 September 2017].

Frank, V. (2007). The European Community and Marine Environmental Protection in the
International Law of the Sea: Implementing Global Obligations at the Regional Level.
Leiden: Martinus Nijhoff.

Friends of the Earth UK. (2009). Briefing Note: Geoengineering. Available at: www
.foe.co.uk/sites/default/files/downloads/geoengineering.pdf [Accessed 27 September
2017].

Fuss,S., Canadell, J. and Peters G. et al. (2014). Betting on negative emissions. Nature
Climate Change, 4(10), 850–853.

Gertner, J. (2017). Is it O.K. to tinker with the environment to fight climate change?
The New York Times, 23 April.

Goldenberg, S. (2016). UN climate science chief: It’s not too late to avoid dangerous
temperature rise. The Guardian, 21 September.

Greenpeace International. (2010). Greenpeace’s Key Priorities for CBD COP10. Available
at: www.greenpeace.org/international/Global/international/publications/oceans/2010/
CBDdemands.pdf [Accessed 27 September 2017].

Hone, D. (2017). Putting the Genie Back: Solving the Climate and Energy Dilemma.
Bingley: Emerald.

Horton, J. and Reynolds, J. (2016). The international politics of climate engineering:
A review and prospectus for international relations. International Studies Review,
18(3), 438–461.

Hubert, A. M. (2017). Code of Conduct for Responsible Geoengineering Research.
Available at: www.ucalgary.ca/grgproject/files/grgproject/revised-code-of-conduct-for-
geoengineering-research-2017-hubert.pdf [accessed 14 December 2017].

Intergovernmental Oceanographic Commission of the United Nations Educational,
Scientific and Cultural Organisation (IOC-UNESCO). (2008). Report on the IMO
London Convention Scientific Group Meeting on Ocean Fertilisation. IOC/INF-1247,
15 June 2008. Available at: www.jodc.go.jp/jodcweb/info/ioc_doc/INF/160478e.pdf
[Accessed 27 September 2017].

Governing Experimental Responses 299

available at https://www.cambridge.org/core/terms. https://www.cambridge.org/core/product/033486F6DA7F2CD1F8F3D6011B17909B
Downloaded from https://www.cambridge.org/core. IP address: 77.160.221.228, on 04 May 2018 at 12:13:00, subject to the Cambridge Core terms of use,

http://www.edf.org/climate/our-position-geoengineering
https://unfccc.int/files/meetings/ad_hoc_working_groups/lca/application/pdf/bolivian_submission_on_geoingeneering.pdf
https://unfccc.int/files/meetings/ad_hoc_working_groups/lca/application/pdf/bolivian_submission_on_geoingeneering.pdf
http://www.ucalgary.ca/grgproject/files/grgproject/revised-code-of-conduct-for-geoengineering-research-2017-hubert.pdf
https://www.cambridge.org/core/terms
https://www.cambridge.org/core
http://www.greenpeace.org/international/Global/international/publications/oceans/2010/CBDdemands.pdf
https://www.cambridge.org/core/product/033486F6DA7F2CD1F8F3D6011B17909B
https://unfccc.int/files/meetings/ad_hoc_working_groups/lca/application/pdf/bolivian_submission_on_geoingeneering.pdf
http://www.foe.co.uk/sites/default/files/downloads/geoengineering.pdf
http://www.greenpeace.org/international/Global/international/publications/oceans/2010/CBDdemands.pdf
http://www.foe.co.uk/sites/default/files/downloads/geoengineering.pdf
http://www.ucalgary.ca/grgproject/files/grgproject/revised-code-of-conduct-for-geoengineering-research-2017-hubert.pdf
http://www.climos.com/standards/codeofconduct.pdf
http://www.edf.org/climate/our-position-geoengineering
http://www.jodc.go.jp/jodcweb/info/ioc_doc/INF/160478e.pdf


Intergovernmental Panel on Climate Change (IPCC). (2014). IPCC WGI AR5
Final Government Distribution: Comments on the Final Draft Summary for
Policymakers. Available at: www.ipcc.ch/pdf/assessment-report/ar5/wg1/drafts/
WGIAR5_FGD_FinalDraftSPMComments.pdf [Accessed 27 September 2017].

Intergovernmental Panel on Climate Change (IPCC). (2016). Decision IPCC/XLIV-4.
Sixth Assessment Report (AR6) Products, Outline of the Special Report on 1.5°C.
Available at: www.ipcc.ch/meetings/session44/l2_adopted_outline_sr15.pdf [Accessed
27 September 2017].

International Maritime Organisation (IMO). (2008). Resolution LC-LP.1 on the Regulation
of Ocean Fertilisation.

International Maritime Organisation (IMO). (2010). Resolution LC-LP.2 on the
Assessment Framework for Scientific Research Involving Ocean Fertilisation.

International Maritime Organisation (IMO). (2013). Resolution LP.4(8) on the Amendment
to the London Protocol to Regulate the Placement of Matter for Ocean Fertilisation and
Other Marine Geoengineering Activities.

Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection
(GESAMP). (no date). Working Group 41: Working Group on Marine
Geoengineering. Available at: www.gesamp.org/work-programme/workgroups/work
ing-group-41 [Accessed 27 September 2017].

Keith, D., Duren, R. andMacMartin, D. (2014). Field experiments on solar geoengineering:
report of a workshop exploring a representative research portfolio. Philosophical
Transactions of the Royal Society A: Mathematical, Physical and Engineering
Sciences, 372(2031), 20140175.

Long, J., Rademaker, S. and Anderson, J. et al. (2011). Geoengineering: A National
Strategic Plan for Research on the Potential Effectiveness, Feasibility, and
Consequences of Climate Remediation Technologies. Washington, DC: Bipartisan
Policy Center.

MacCracken, M., Barrett, S. and Barry, R. et al. (2010). The Asilomar Conference
Recommendations on Principles for Research into Climate Engineering Techniques.
Washington, DC: Climate Institute.

Marshall, C. (2017). Commercial plant starts capturing CO2 from open air. GreenWire,
31 May.

McNutt, M., Abdalati, W. and Caldeira, K. et al. (2015a). Climate Intervention: Carbon
Dioxide Removal and Reliable Sequestration. Washington, DC: National Academies
Press.

McNutt, M., Abdalati, W. and Caldeira, K. et al. (2015b). Climate Intervention: Reflecting
Sunlight to Cool Earth. Washington, DC: National Academies Press.

Neslen, A. (2015). EU says 1.5 C global warming target depends on ‘negative emissions’
technology. The Guardian, 14 December.

Nicholson, S., Thompson, M., Burns, W. and Goodwin-Reese, K. (2013). A Civil Society
Meeting on Geoengineering: Summary and Synthesis. Available at: http://dcgeocon
sortium.org/wp-content/uploads/2013/12/washington-geoengineering-consortium-
civil-society-meeting-report.pdf [Accessed 27 September 2017].

Prins, G., Galiana, I. and Green, C. et al. (2010). The Hartwell Paper: A new direction for
climate policy after the crash of 2009. Available at: http://eprints.lse.ac.uk/27939/
[Accessed 27 September 2017].

Rayner, S., Heyward, C. and Kruger, T. et al. (2013). The Oxford principles. Climatic
Change, 121(3), 499–512.

300 Reynolds

available at https://www.cambridge.org/core/terms. https://www.cambridge.org/core/product/033486F6DA7F2CD1F8F3D6011B17909B
Downloaded from https://www.cambridge.org/core. IP address: 77.160.221.228, on 04 May 2018 at 12:13:00, subject to the Cambridge Core terms of use,

http://www.gesamp.org/work-programme/workgroups/working-group-41
http://eprints.lse.ac.uk/27939/
https://www.cambridge.org/core
http://www.ipcc.ch/pdf/assessment-report/ar5/wg1/drafts/WGIAR5_FGD_FinalDraftSPMComments.pdf
http://www.ipcc.ch/meetings/session44/l2_adopted_outline_sr15.pdf
http://www.gesamp.org/work-programme/workgroups/working-group-41
http://dcgeoconsortium.org/wp-content/uploads/2013/12/washington-geoengineering-consortium-civil-society-meeting-report.pdf
https://www.cambridge.org/core/product/033486F6DA7F2CD1F8F3D6011B17909B
https://www.cambridge.org/core/terms
http://www.ipcc.ch/pdf/assessment-report/ar5/wg1/drafts/WGIAR5_FGD_FinalDraftSPMComments.pdf
http://dcgeoconsortium.org/wp-content/uploads/2013/12/washington-geoengineering-consortium-civil-society-meeting-report.pdf
http://dcgeoconsortium.org/wp-content/uploads/2013/12/washington-geoengineering-consortium-civil-society-meeting-report.pdf


Reynolds, J. (2014). Climate engineering field research: the favorable setting of interna-
tional environmental law. Washington and Lee Journal of Energy, Climate, and the
Environment, 5(2), 417–486.

Reynolds, J., Contreras, J. and Sarnoff, J. (2017). Solar climate engineering and intellectual
property: toward a research commons. Minnesota Journal of Law, Science and
Technology, 18(1), 1–110.

Schütte, G. (2014). Speech by State SecretaryDrGeorg Schütte, FederalMinistry of Education
and Research, at the international conference on ‘Climate Engineering – Critical Global
Discussions’ of the Institute for Advanced Sustainability Studies Berlin, 18 August.
Available at: www.bmbf.de/pub/reden/Rede_StSchuette_IASS__Konferenz_18_08__engl
.pdf [Accessed 27 September 2017].

Shell. (2016). A Better Life with a Healthy Planet: Pathways to Net-Zero Emissions.
The Hague: Shell International.

Shepherd, J., Caldeira, K. and Haigh, J. et al. (2009).Geoengineering the Climate: Science,
Governance and Uncertainty. London: The Royal Society.

UK Department of Energy and Climate Change. (2010). Government Response to the
House of Commons Science and Technology Committee 5th Report of Session
2009–10: The Regulation of Geoengineering. Norwich: The Stationery Office.

United Nations Convention on the Law of the Sea (UNCLOS). (1982). United Nations
Convention on the Law of the Sea. Available at: www.un.org/depts/los/convention_
agreements/texts/unclos/unclos_e.pdf [Accessed 27 September 2017].

United Nations Educational, Scientific and Cultural Organization (UNESCO). (2010).
Geoengineering: The Way Forward? Available at: www.unesco.org/new/en/natural-
sciences/about-us/single-view/news/geoengineering_the_way_forward/ [Accessed 27
September 2017].

United Nations Environment Programme (UNEP). (1980). Provisions for Co-operation
between States in Weather Modification. Decision 8/7/A of the Governing Council,
29 April 1980. Nairobi: UNEP.

United Nations Framework Convention on Climate Change (UNFCCC). (1992). United
Nations Framework Convention on Climate Change. Available at: https://unfccc.int/
resource/docs/convkp/conveng.pdf [Accessed 29 August 2017].

United Nations Framework Convention on Climate Change (UNFCCC). (1997). Decision
1/CP.3, Adoption of the Kyoto Protocol to the United Nations Framework Convention on
Climate Change. UN Doc. FCCC/CP/1997/7/Add.1. Bonn: United Nations Framework
Convention on Climate Change.

United Nations Framework Convention on Climate Change (UNFCCC). (2015). Decision
1/CP.21, Adoption of the Paris Agreement. UN Doc. FCCC/CP/2015/10/Add.1. Bonn:
United Nations Framework Convention on Climate Change.

United Nations General Assembly (UNGA). (1976). Convention on the Prohibition of
Military or Any Other Hostile Use of Environmental Modification Techniques. UN Doc.
A/RES/31/72. New York: United Nations.

United Nations General Assembly (UNGA). (1992). Report of the United Nations
Conference on Environment and Development. UN Doc. A/CONF.151/26 (Vol. I).
New York: United Nations.

United Nations General Assembly (UNGA). (2007). Resolution Adopted by the General
Assembly on 22 December 2007: 62/215. Oceans and the Law of the Sea. UN Doc. A/
RES/62/215. New York: United Nations.

US Global Change Research Program. (2017). National Global Change Research Plan
2012–2021: A Triennial Update. Washington, DC: US Global Change Research
Program.

Governing Experimental Responses 301

available at https://www.cambridge.org/core/terms. https://www.cambridge.org/core/product/033486F6DA7F2CD1F8F3D6011B17909B
Downloaded from https://www.cambridge.org/core. IP address: 77.160.221.228, on 04 May 2018 at 12:13:00, subject to the Cambridge Core terms of use,

http://www.un.org/depts/los/convention_agreements/texts/unclos/unclos_e.pdf
https://www.cambridge.org/core/product/033486F6DA7F2CD1F8F3D6011B17909B
http://www.bmbf.de/pub/reden/Rede_StSchuette_IASS__Konferenz_18_08__engl.pdf
https://www.cambridge.org/core/terms
https://www.cambridge.org/core
https://unfccc.int/resource/docs/convkp/conveng.pdf
http://www.bmbf.de/pub/reden/Rede_StSchuette_IASS__Konferenz_18_08__engl.pdf
http://www.un.org/depts/los/convention_agreements/texts/unclos/unclos_e.pdf
http://www.unesco.org/new/en/natural-sciences/about-us/single-view/news/geoengineering_the_way_forward/
http://www.unesco.org/new/en/natural-sciences/about-us/single-view/news/geoengineering_the_way_forward/
https://unfccc.int/resource/docs/convkp/conveng.pdf


van Vuuren, D., Edmonds, J. and Kainuma, M. et al. (2011). The Representative
Concentration Pathways: an overview. Climatic Change, 109(1–2), 5–31.

Weitzman, M. (2015). A voting architecture for the governance of free-driver externalities,
with application to geoengineering. Scandinavian Journal of Economics, 117(4),
1049–1068.

Zelli, F., Möller, I. and van Asselt H. (2017). Institutional complexity and private authority
in global climate governance: the cases of climate engineering, REDD+ and short-lived
climate pollutants. Environmental Politics, 26(4), 669–693.

302 Reynolds

available at https://www.cambridge.org/core/terms. https://www.cambridge.org/core/product/033486F6DA7F2CD1F8F3D6011B17909B
Downloaded from https://www.cambridge.org/core. IP address: 77.160.221.228, on 04 May 2018 at 12:13:00, subject to the Cambridge Core terms of use,

https://www.cambridge.org/core/terms
https://www.cambridge.org/core
https://www.cambridge.org/core/product/033486F6DA7F2CD1F8F3D6011B17909B

	Part IV Substantive Governance Challenges
	16 Governing Experimental Responses: Negative Emissions Technologies and Solar Climate Engineering




