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“Governance frameworks are
key in not just how technology is
used, but who in fact decides its
usage- and where it’s impacts
are felt.”

“A governance framework
will guard not only against
the unknown impacts of
geoengineering but also
against our hubris and
techno-centrism.”

“The importance of achieving
a robust geoengineering
governance framework
cannot be overstated. A
consistent and transparent
system to govern
geoengineering research
is critical to avoiding
unregulated deployment.”
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Assessment Panels under the Montreal
Protocol term geoengineering
as a ‘new threat’ and single out
stratospheric aerosol injection.
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Executive summary
As the climate crisis compounds globally,
geoengineering is emerging as a prospective technology
cohort to try and slow, or reverse, climate change.
Broadly classified into solar radiation management
(SRM) and carbon dioxide removal (CDR) technologies,
these are drawing increasing attention for their
predicted ability to rapidly reduce the impacts of global
warming. Unregulated use of SRM technologies could
potentially redistribute climatic patterns globally,
reduce the availability of sunlight, stunt the growth of
plants, increase health risks, and have other unexpected
transboundary implications. Stratospheric aerosol
injection (SAI), a type of SRM technology which directly
injects aerosols to reflect sunlight, has been proven to
adversely impact the ozone layer protected under the
Montreal Protocol.
This uncertainty, severity, and ubiquity of potential
impacts makes SRM research and governance an
absolute pre-requisite for conclusively determining its
viability. Currently, however, there is an absence of any
overarching global environmental agreement to govern
these technologies and its research. It is therefore
essential to determine a governance framework that
prevents SRM from going down the slippery slope of
deployment or unregulated spatial experimentation.
This issue brief analyses the link between solar
geoengineering research and the Montreal Protocol
in an attempt to explore the Protocol’s scope for
monitoring such research, either wholly or partially,
as suggested by few Parties at the 30th Meeting of
Parties (MOP) to the Montreal Protocol in November
2018, namely the Federated States of Micronesia, Mali,
Morocco, and Nigeria (Ripley et al. 2018).
The lessons from various attempts to regulate SRM
research under different international fora have been
assimilated to explore possibilities of governance of
geoengineering research under the Montreal Protocol.
These fora include the United Nations Environment
Assembly (UNEA), the Convention on Biological
Diversity (CBD), and the London Protocol. The legal
coherence of the Montreal Protocol to govern SRM is
examined in this issue brief based on three criteria:
(i) congruence, between the mandate of the Protocol
and the scope of SRM research, (ii) institutional
capacity, and (iii) jurisdiction. The Protocol as a legally

coherent instrument is suggested specifically for the
governance of SAI technologies, in addition to other
SRM technologies that may employ ozone-depleting
substances as aerosols, where the term ‘ozone depleting
substances’ includes the ‘controlled substances’ listed in
the Annexes to the Montreal Protocol.
While advancing this suggestion, and notwithstanding
the challenges that it poses, we also nudge the global
community to explore possibilities of an independent
and overarching framework for SRM governance that
transcends the structural constraints of a limited
mandate, avoids the overlapping applicability of
multiple legal conventions, and overcomes the
existing fragmented attempts to regulate research
in geoengineering technologies. We highlight the
potential global ecological and geopolitical impacts
of unregulated SRM experimentation. To overcome
possible imbalances, we emphasise on the centrality
of transparency as a governance principle for SRM
research governance. We further identify key factors that
enhance the legitimacy of transparency processes, such
as ease of access to information, targeted information,
public participation, and reliability. We clearly state that
the research, development, and potential deployment
of SRM technology must be regulated by the preventive
mechanisms of international law as enshrined in the
precautionary principle, the principle of transboundary
harm, and inter- and intra-generational equity.
We therefore establish the basis for SAI research in
particular to be governed under the Protocol, in the
absence of a holistic and overarching framework that
governs SRM technologies as a cohort in its entirety.
We further suggest that the scope of governance
under the Protocol could extend to ozone depleting
substances, including ‘controlled substances’, employed
as aerosols for SRM technologies. This legal congruence,
between the scope of SAI research, the nature of ozone
depleting aerosols, and the Protocol’s mandate of ozone
protection forms the foundation of our proposition.

The uncertainty, severity, and
ubiquity of potential impacts makes
SRM research and governance an
absolute necessity.
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Figure ES1 Analytical framework to understand the overlapping scope of SRM Governance under the Montreal
Protocol

Identifying the Overlapping Scope of Governance
Montreal Protocol
Aimed at protecting the ozone layer
from ozone depleting substances
(ODS)

•

It fulfills this objective by inter alia
regulating the production and
consumption of ODS

•

SRM Research

Congruence
The mandate of the
Protocol to prevent any
damage to the ozone layer
can extend to governing
SRM research that may
impact the ozone layer

•

Research assesses potential impacts
of SRM deployment on human
health, climate, ozone layer, marine
and terrestrial habitats, biodiversity,
agriculture, etc.

•

Types of SRM technologies like SAI are
directly deployed in the ozone layer
and proven to have negative impacts.

•

Review scientific knowledge of
ozone layer and related atmospheric

•

stratospheric interaction

science (SAP)
•

Examines impacts of ozone
depletion (EEAP)

•

Studies alternative technologies that
eliminate or reduce the use of ODS
(TEAP)

•

The Secretariat is empowered
to take any necessary action for
protection of the ozone layer

•

Consists of Ozone Research
Managers i.e., government
researchers and scientists who have
deep domain knowledge on ozone
modification

•

Can regulate the phase-out and
phase-down of ODS or high GWP
substitutes mentioned in its Annexes

•

•

The Protocol possesses
exclusive jurisdiction on
matters related to the ozone
layer and any substance that
impacts the ozone layer.
The Protocol enjoys universal
ratification, and has already
undertaken research on the
impacts of stratospheric
aerosols.

Studies the type of aerosol most
suited for spatial injection and its

Institutional Capacity
Institutions under the
Protocol possess the
scientific, administrative,
and technical expertise
to study, oversee, and
regulate SRM research
(especially SAI) which uses
ODS, including all annexed
substances mentioned in
the Protocol.

Examines optimum amount, site,
and speed of aerosol injection

•

Explores non-aerosol based SRM
techniques such as the option of
surface albedo modification or
increasing reflectivity of surfaces

•

Organised research will require
setting terms of reference for
conducting experiments

•

Such ToR will also serve to
regulate the exchange of
information and research
outcomes between Parties to
ensure transparency

•

London Protocol extends to ocean
fertilisation activities, with an
amendment to expand its scope
to other geoengineering activities
that may impact the ocean.

•

The Convention on Biological
Diversity imposes a moratorium
on all geoengineering activities
that may impact biodiversity.

•

Attempts to govern SRM under
the UNEA have failed.

Jurisdiction
In the absence of any
international convention
to govern the impact of
geoengineering activities
on the ozone layer, the
Montreal Protocol is the
only option.

•

Conclusion
The Montreal Protocol may govern all ozone depleting aerosol based SRM technologies, particularly stratospheric
aerosol injection (SAI), including those substances mentioned in the Annexes to the Montreal Protocol.

Source: Authors’ analysis
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1. Introduction
Climate geoengineering is a combination of different
technologies employed with the aim of altering the
climate to reduce the impacts of increasing global
warming (IPCC 2013). Two types of technologies are
broadly applied for climate geoengineering: (i) solar
radiation management (SRM) technologies, which
reflect sunlight or solar irradiance into space so as to
reduce surface temperatures, and (ii) carbon dioxide
removal (CDR) technologies, which directly remove
carbon dioxide from the atmosphere so as to eliminate
this principal agent of anthropogenic climate change
(C2G 2021). More specifically, solar geoengineering
seeks to modify the Earth’s radiation budget through
a climate change intervention that reflects more solar
radiation back into space than what is absorbed by
the Earth (IPCC 2021). In the wake of a global failure to
intervene against climate change, these technologies are
finding more appeal as potential solutions to slow and
possibly reverse the problem (Nature 2021). It is precisely
this increasing interest that is translating into greater
attempts at global research. This heightening traction
warrants a governance framework that could prevent
unregulated experimentation and its subsequent
detrimental impacts.
Most controversial among these SRM techniques is
stratospheric aerosol injection (SAI), which involves
injecting aerosols into the stratosphere to reflect solar
radiation back into space to partially offset the impact
of global warming (C2G 2021). At the 30th Meeting of
Parties to the Montreal Protocol (MOP30), few Parties
(the Federated States of Micronesia, Mali, Morocco,
and Nigeria) voiced their concerns (Ripley et al. 2018)
on the management of stratospheric aerosol injection
(SAI) technologies and emphasised the importance of
further ascertaining the impact of solar geoengineering
technologies on the ozone layer (UNEP 2018b). Despite
pushback from the United States, the European Union,
Canada, and China on several grounds, the proposal
was finally considered by the Open-Ended Working
Group (OEWG) in its 41st meeting. Parties noted that
considering that SRM technologies are in the early
stages of development, for the moment, the focus
of the Montreal Protocol should be on “monitoring
any developments, building knowledge, and raising
awareness of the possible future implications of such
activities” (UNEP 2019).
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Parties to the Montreal Protocol
acknowledge the need to monitor
developments and build knowledge
on the impacts of SRM technologies.
Building on this growing emphasis, this issue brief
seeks to examine the scope of the Montreal Protocol
(hereinafter referred to as the ‘Protocol’) to govern the
research, development and potential deployment of
SRM technologies. The research has been presented
as six chapters. Following on from this introductory
chapter, Chapter 2 highlight the possible global
ecological and geopolitical impacts of unregulated
SRM experimentation and the accompanying scientific
uncertainties. It cites previous attempts at SRM along
with the increasing advocacy for in situ experimentation
as the last straw to push for urgent and effective
governance of SRM research.
Chapter 3 maps the previous attempts at governance of
geoengineering research across different conventions by
undertaking a study of the key actors and negotiations
at relevant international fora to draw lessons for future
Montreal Protocol negotiations on the topic. The Fourth
Session of the United Nations Environment Assembly
(UNEA), the Convention on Biological Diversity
(CBD), and the London Convention and Protocol are
the international fora considered in this brief for the
governance of climate geoengineering research.
In Chapter 4, specific legal criteria for evaluating the
appositeness of the Protocol for the governance of SRM
research has been suggested. This analysis includes
examining the congruence between the objectives of the
Protocol and SRM research, assessing the institutional
capacity under the Protocol to oversee and regulate
SRM research, as well as analysing the Protocol’s
jurisdiction to regulate the potential impacts of SRM
research vis-à-vis other environmental instruments. To
find common ground the chapter suggests governance
of SAI research under the Protocol, in addition to other
SRM technologies that use ozone depleting aerosols
and ‘controlled substances’, in the absence of an
overarching governance framework to regulate climate
geoengineering in its entirety.1

Inclusion of other aerosol-based SRM technologies that do not adversely impact the ozone will muddy and transgress the mandate of the Protocol,
which is limited to protecting the ozone layer. It is for this reason that the scope of SRM governance under the Protocol has been limited to SAI
technologies, in addition to other SRM technologies that deploy ozone depleting substances or other ‘controlled substances’ mentioned in the
Annexes to the Protocol.
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Congruence, institutional capacity,
and jurisdiction constitute the
analytical framework used to analyse
the appositeness of the Protocol.
Finally, the brief focuses on transparency as a
governance principle in Chapter 5, identifying four
key factors that enable the legitimacy of transparency
processes: (i) ease of access to information; (ii)
targeted information; (iii) public participation; and (iv)
reliability. This chapter also provides the legal principles
of global governance on which the proposed research
framework must be designed, namely the precautionary
principle, the principle of transboundary harm, and
inter- and intra-generational equity.
The brief concludes in Chapter 6 that given the currently
fragmented legal landscape, the Protocol may be well
suited to regulate research on SAI and other SRM
techniques that rely on ozone depleting aerosols. This
suggestion is consistent with the Protocol’s existing
mandate, institutional capacity and jurisdiction that
extends to protecting the ozone layer; and its universal
membership will ensure that such a ratification to
regulate climate geoengineering research attempts are
not geographically biased.

2. Establishing the need
for governance of SRM
research
The Sixth Assessment Report of the Intergovernmental
Panel on Climate Change (IPCC AR6) unequivocally
observes with high confidence that SRM could lead to
substantial and overcompensating climate change at a
regional and seasonal time scale, in addition to other
adverse impacts that science is yet to decipher (IPCC
2021). Notwithstanding the potentially dangerous and
unascertained implications of this relatively nascent
technology, attempts to deepen SRM research and
conduct spatial experiments are gaining momentum.
The scientific understanding of how interventions
brought about by SRM are going to impact the Earth is

2

still relatively low (IPCC 2021), and this gap is sought to
be bridged by organised and regulated SRM research.
Broadly, four kinds of SRM technologies are deployed
for climate change interventions: SAI, marine cloud
brightening (MCB), cirrus cloud thinning (CCT),2 and
surface albedo enhancements (IPCC 2021). Each of
these SRM technologies impacts the environment in
largely unascertained ways. As mentioned above,
stratospheric aerosol injection (SAI), seeks to create
an albedo effect that will reflect solar radiation back
into space (C2G 2021). Mimicking the cooling effect
of its natural analogue, namely volcanic eruptions,
the anthropogenically introduced sulphuric aerosols
eventually react with atmospheric oxygen and water
to form sulphuric acid that damages the ozone layer.
Similarly, cirrus cloud thinning is another technique
that aims to thin cirrus clouds, which absorb more longwave radiation than they reflect so that a greater amount
of radiation can be sent back into space than what is
absorbed (Geoengineering Monitor 2021a).
Apart from noting the unknown potential dangers
of deploying various SRM techniques, research also
seeks to answer various complex modalities of the
techniques themselves. This includes the amount and
type of aerosol injection, the optimum spatial and
temporal pattern of injection, the resulting stratospheric
dynamics and chemistry, and the varying cooling
efficacy of different aerosols, among other issues. The
very nature of this research risks unchecked spatial
in situ experimentation, which can eventually have
disastrous consequences across the globe.
Anticipatory governance is, thus, necessary to govern
SRM research (Geden et al 2019). Such governance
would include assessing the technical competency of
the research institutions pursuing SRM, authorising
research based on sound scientific assessment,
ensuring equity through co-participation when research
is undertaken between countries, manage funding,
resolving disputes in case of compensation claims,
sharing of information, and causal attribution in case of
transboundary impacts, to name a few (Blackstock et al.
2011).

Some research considers CCT as a third category of climate geoengineering, as technically it reduces the retention of long-wave
radiation in the atmosphere vis-à-vis facilitating the deflection of solar or shortwave radiation like other SRM techniques.
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Box 1

SRM technologies: Precaution is critical

IPCC AR6 confirms (with high confidence) that SRM could lead to substantial and overcompensating climate change at a
regional and seasonal scale in addition to various adverse impacts that science is yet to decipher (IPCC 2021). Large amounts
of sulphur aerosols released into the atmosphere via SAI will reduce the content of ozone precursors such as NOx, necessary
for ozone formation (EC 2006). This phenomenon is further aggravated when sulphate aerosols reflect sunlight back into
space, thereby reducing its availability for the formation of ozone. Reduction of ozone in the stratosphere translates into a
reduction in tropospheric ozone due to reduced stratosphere-to-troposphere transport (SAP 2018). This exposes life on Earth
to large amounts of UV radiation and the accompanying risks of skin cancer, eye cataracts, immune deficiency disorders, etc.
(EC 2022)
Reports also suggest that the sudden cessation of SRM could lead to a temperature change two to four times greater than
what would ensue from climate change itself (Trisos, C.H. et al 2018). This will aggravate and redistribute the impacts of
climate change as we know them today. Such non-linear impacts include altering existing temperature and weather patterns
with regional variations, global reductions in precipitation, stunted plant growth and changes in crop yields, reduced
availability of direct sunlight for solar power generation, etc. (UNEP 2016) Sudden changes in temperature could have
devastating impacts on ecosystems and biodiversity, that will be forced to either adapt to rapid temperature changes at an
unprecedented rate, or possibly perish (Trisos, C.H. et al 2018).
Sulphate aerosols could have varying impacts depending upon the amount, type and site of injection and its interactions
with pre-existing atmospheric elements. It is also pertinent to note, that SRM cannot offset other currently irreversible
and sustained impacts of historic greenhouse gas emissions, such as ocean acidification, terrestrial impact of increased
CO2 concentrations, melting of the Arctic permafrost, etc. Moreover, much less is known about the impacts of nonsulphate aerosols which have been suggested for use in different SRM techniques. Added to this, is the possibility of SRM
weaponisation to inflict unforeseen climate disruptions on ‘enemy’ countries, that will have other socio-economic and
environmental consequences.

Source: Authors’ analysis and compilation

2.1 Transboundary impacts of
unregulated experimentation
Various possible impacts of SRM perturbation
experiments include a delay in ozone recovery, in
addition to the non-linear effects of altering the
temperature and precipitation patterns with regional
variations, changes in crop yields/reduced plant
growth, and decrease in direct and increase in diffused
sunlight (IPCC 2021). What makes the impacts even more
inequitable is that they could be unevenly distributed.
Even regions that have not participated in developing
SRM techniques may face the consequences (C2G2 2021).
The cross-border nature of SRM, from the dimensions of
research, development, and deployment, necessitates
international coordination and regulation based on

The cross-border nature of SRM
research, development, and
deployment, necessitates international
coordination and regulation which
institutionalises informed decisionmaking.

shared principles that institutionalise scientific and
informed decision-making (C2G2 2019). The proposed
site for SAI is the stratosphere, and the need for in situ
or outdoor research via ‘perturbation experiments’
beyond laboratory confines is gaining traction (Dykema
et al., 2014). This trend exponentially magnifies the
environmental and geopolitical risks, pointing to the
urgency and inevitability of a framework to regulate
SRM research (Long and Parson 2019a).

2.2 Need for governing research:
constituents, boundaries, and
conditions
Attempts at governing geoengineering technologies
have been made under different fora and have been
touched upon in detail in the next section. It is felt that
previous attempts at SRM governance under the United
Nations Environment Assembly (UNEA) failed because
the governance of both CDR and SRM geoengineering
techniques was to be collectively addressed. A similar
deadlock was observed in negotiations under the
Convention on Biodiversity (CBD) as well, where the
scope of the term ‘geoengineering’ failed to generate
consensus.
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Therefore, governance principles that are inclusively
adopted and widely recognised are currently not
in place and are urgently needed to guide the
formulation, implementation, and monitoring of
solar geoengineering research (C2G2 2019). This
view is shared by multiple stakeholders, including
national governments, international organisations,
and academicians (Ghosh 2019). As a result, it has

Box 2

been suggested that research activities that pose
such risks should not be allowed until appropriate
governance frameworks are put in place, which implies
a moratorium on further research. The looming threat
of weaponising SRM technology or the possibility of
big players monopolising the research arena and acting
with impunity in the absence of a regulatory framework
also poses a major risk (Fuhr 2021).

Gaps in SRM Research and Previous Attempts

While building the case for outdoor research, scientists argue that climate modelling cannot accurately represent atmospheric
chemistry and climate variabilities (such as seasonality, altitude, water content, etc.). In the absence of mutually agreed
research methodologies, terms of reference, or the condition of prior approval, what ensues is a laissez-faire of countries and
private players to tamper unconditionally with Earth’s natural systems that work together to create the global climate, which
is already at the brink of irreversible collapse. The enormous uncertainties of the impact of such interventions aggravate
the dangers of such unregulated exploration. Some of the following gaps (CBD Secretariat 2012) that potential research on
climate geoengineering will seek to uncover have been identified:
•

Absence of palaeo-climatic precedents to understand the altered planetary dynamics of warming due to high greenhouse
gas emissions and simultaneous cooling due to sunlight reflection;

•

Difficulty in assessing the totality of changes due to potential geographical redistribution of climate impacts due to solar
geoengineering;

•

Uncertainties in highly variable regionality of temperatures due to uniform dimming;

•

The unassessed extent of the potential impacts of reduced sunlight (specifically, photosynthetically active radiation) on
plant growth and hence the distribution and population of biodiversity, agricultural productivity, and generation of solar
power;

•

Considerable uncertainty on the disruptive impact on the hydrological cycle and regional weather patterns, including
reduced precipitation globally;

•

Greater understanding of the atmospheric chemistry of the interaction of aerosol with ozone and sunlight and other
catalysts present in the stratosphere;

•

Assessing dangers of a sudden cessation in SRM deployment and the possible ‘temperature shocks’ or bouncebacks.

The purpose of SRM research governance is to improve our understanding of these uncertainties without furthering them.
This implies preventing the transgression from research to deployment at all costs, an act of precarious funambulism possible
only through a governing framework. The limited scope of research must focus on determining beyond doubt whether the
benefits of deploying SRM far outweigh the costs of non-deployment while ensuring that the exercise itself is environmentally
benign.
Some examples of geoengineering research have been listed below:
•

The Yuri-Izrael Outdoor Experiment conducted in August 2008 injected sulphuric aerosols using a car and a helicopter at a
height of 2.5 km in the troposphere across an area of 2.5 sq. km about 300 miles south-east of Moscow, Russia. On account
of the lead author’s opposition to the Kyoto Protocol and scepticism of human-induced warming, the empirical results of
the said experiment were not globally accepted (Doughty 2019).

•

The E-PEACE (Eastern Pacific Emitted Aerosol Cloud Experiment) was conducted to examine the interaction of ship
tracks with clouds and not termed as SRM research. The data results, however, had clear implications for marine cloud
brightening (MCB), which is a solar geoengineering method, whereby increased cloud formation could reflect solar
radiation back into space (Doughty 2019).

•

Another example is the Stratospheric Controlled Perturbation Experiment (SCOPEX) by Harvard University that aims to
send a device using a propelled balloon into the stratosphere, which will inject about a kilogram of aerosol particles to form
a plume few kilometres in length. The balloon will then be propelled through the plume to obtain data for understanding
the stratospheric dynamics of aerosol interactions, particle microphysics (coagulation, condensation, or other reactions),
and other aspects of stratospheric chemistry (Harvard University 2021).

Source: Authors’ analysis and compilation
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What is needed is an international consensus on
answers to the following questions such as: What
constitutes solar geoengineering research? Who can
conduct such research? What are the spatial confines for
conducting such research? Which agency is responsible
for authorising and monitoring such research? The
credibility of independent research will remain fragile in
the absence of established processes. Examples enlisted
in text box 2 illustrate this point. Simultaneously,
proposals for further outdoor solar geoengineering
research are gaining momentum, and the time is ripe
to institutionalise an appropriate framework before
unforeseen climate impacts unfold (Tollefson 2018).
Given the global implications of SRM research and lack
of necessary oversight at present to govern this research,
a global scramble to identify platforms for effective
governance of such research is unfolding. It therefore
becomes relevant to ask whether the Montreal Protocol
is a competent instrument for the governance of SRM
research.
Taking cue from this, if the Montreal Protocol is to
indeed be considered as a potential forum to address
SRM research governance issues, it is necessary to
have a clear picture of the existing geoengineering
governance landscape as well as identify the Protocol’s
institutional set up and membership to check for
its appositeness. Previous proposals of governance
pathways that could regulate geoengineering research,
can broadly be categorised into those suggesting:
(a) a polycentric approach wherein different existing
international treaties are applicable; or (b) that an
entirely new regime be established exclusively for the
governance of geoengineering or its specific types; or
(c) an ad hoc code of conduct be adopted that guides
research based on certain principles (IPCC 2011). The
brief alludes to the second approach as it suggests
that SAI technologies, in addition to other SRM
technologies employing ozone depleting substances,
may be governed under the Montreal Protocol.
The brief also goes on to suggest the creation of an
overarching international governance framework to
regulate geoengineering research in its entirety in the
long-term. The next chapter maps previous attempts
under three main international fora to address overall
geoengineering governance.

Proposals for outdoor SRM research
are gaining momentum, and
time is ripe to institutionalise an
appropriate governance framework.

3. Mapping previous
attempts at governance
of geoengineering
research
This chapter delves into previous decisions on climate
geoengineering made under various international fora.
The objective is to glean the relevant learnings that can
be internalised in future attempts at geoengineering
governance under the Montreal Protocol. This chapter
draws on the negotiation records provided by the
International Institute on Sustainable Development’s
Earth Negotiations Bulletin, publicly available
resolutions, and civil society reports. The following
international agreements are studied:
1. The Fourth Session of the United Nations
Environment Assembly (UNEA-4)—Nairobi,
March 2019
2. The Convention on Biological Diversity (CBD)—
COP10, Nagoya, October 2010
3. London Convention and Protocol—amendments in
2008, 2010, and 2013
The limitation of this study is that most international
climate negotiations are consensus based, and therefore
the only publicly available record is of actors that were
vocally for or against specific measures. In the case
of the London Convention and Protocol, our analysis
drew on the text of the official resolutions, civil society
reports, and academic literature. Further, positions of
the governments on these topics may have changed
substantially since the negotiations. Finally, none of
these negotiations addressed SAI specifically, and
policy positions on a certain geoengineering technology
may not necessarily imply that they apply to other
technologies or geoengineering as a whole.
Nevertheless, it is helpful to analyse the lessons learned
from each of these negotiations, including key players,
points of discussion, and topics covered to provide the
context for any future discussions and negotiations on
SRM research within the Montreal Protocol.

3.1 The Fourth Session of the United
Nations Environment Assembly—
Nairobi (Kenya), March 2019
The United Nations Environment Assembly (UNEA) is
the governing body of the UN Environment Programme
(UNEP) and meets every two years to set the priorities
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Analysis of negotiations at the UNEA

Key actors
Switzerland was the key actor working towards increased governance in this instance, as it put forth the
resolution. The Swiss resolution was supported by Burkina Faso, Georgia, Liechtenstein, Mali, Mexico,
Micronesia, Montenegro, Niger, Republic of Korea, and Senegal (UNEA 2019). When the resolution was
withdrawn, Switzerland was joined by Georgia, Mali, Mexico, Morocco, New Zealand, Niger, and Senegal in
“expressing regret” on the fate of the resolution due to disagreements from a “small number of members”
(IISD 2019). Parties opposing the resolution were led by the United States and Saudi Arabia (IISD 2019).

Points of discussion
According to negotiation reports, parties disagreed on various issues, including the venue of the proposed
study, its remit, and its ultimate aim (Harvard Solar Geoengineering Research Program 2019). Parties
did not agree on whether UNEA was the appropriate venue for assessing the status of geoengineering
technologies and raised concerns about the duplication of efforts in other fora, particularly the IPCC (IISD
2019). Another point of discussion was on the remit of the resolution, with the parties failing even to agree
on the technologies captured by the term geoengineering (IISD 2019). Finally, parties also disagreed on
the extent to which the resolution should set a foundation for governance of geoengineering research
while avoiding undue restrictions (Harvard Solar Geoengineering Research Program 2019). Many argue
that a strong reason behind the resolution’s failure was the clubbing of CDR and SRM discussions, both of
which have different risks and politics. Countries like the United States, a major player in CDR, sought a
clear distinction between SRM and CDR while also attempting to categorise geoengineering under climate
mitigation. In the absence of any substantive discussion on the topic at UNEA 5, countries must integrate
lessons from the past for a better result in UNEA 6.
Source: Authors’ analysis

The failure of the UNEA resolution
is noteworthy, as it is the broadest
environmental organisation capable
of governing SRM research.
for global environmental policies within the UN system
(UNEA 2021). At the Fourth Session of UNEA (UNEA-4),
the Swiss government put forth a resolution (UNEA 2019)
requesting the UNEP to assess the status of geoengineering
technologies with regard to the current state of science;
the actors involved; current knowledge on potential risks,
uncertainties, and benefits; governance frameworks for
research, deployment, and control of each technology; and
also conclusions on potential governance frameworks (FCEA
2019). This resolution addressed geoengineering as a whole
and therefore included both SRM and CDR techniques.
The resolution went through several drafts in the UNEA-4
negotiations but was ultimately withdrawn as no consensus
could be reached (IISD 2021).
The implications of this failure are noteworthy, as it
is relatively recent and is emerging from the broadest
environmental organisation with the potential to govern
cross-cutting non-linear impacts of geoengineering (i.e., the
UNEP). Moreover, the resolution was only aimed at reducing
information asymmetry rather than proposing a binding

framework, so its failure comes as a jolt to attempts at
cohesive governance of geoengineering research.

3.2 The Convention on Biological
Diversity (CBD)—COP10, Nagoya
( Japan), October 2010
The CBD has a record of tackling important technological
threats to biodiversity in a timely manner; in fact, it is the
only institution with near universal participation to have
successfully addressed geoengineering in its entirety (IISD
2012). At the 10th CBD Conference of the Parties (COP10)
in 2010, countries agreed to impose a moratorium on all
climate-related geoengineering technologies that may
affect biodiversity, which was to be upheld until adequate
scientific evidence justifies such activities (Convention
on Biodiversity 2017). However, an exception permits
small-scale research in controlled settings, subject to
prior assessment of their potential environmental impacts
(Convention on Biodiversity 2017). This decision was
reaffirmed at the following COP in 2012 and expanded as
a moratorium on a specific geoengineering technology,
namely ocean fertilisation, that was agreed on at the
previous COP in 2008 (Appleton et al. 2008). Though
this decision is not legally binding and leaves space for
interpretation, it represents a broad consensus of 193
countries and sends a strong political signal (Tollefson 2019).
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Analysis of negotiations under the CBD

Key actors
Parties to the Convention (Costa Rica, Grenada, Philippines, Switzerland, and Tuvalu), regional groups (the
African Group and the Alba Group), as well as civil society organisations requested for a moratorium on
the use of geoengineering technologies until there exists a sound scientific understanding of its associated
perils (Jungcurt et al. 2010). This issue was considered at the Meeting of Parties to the CBD at Nagoya in
2010, which ultimately adopted the moratorium. The moratorium received support from the Brazilian
delegation, which proposed inserting language to specify that scientific activities can only be developed
on a small scale and within national jurisdictions. The Norwegian delegation expressed support for the
resolution by stressing the need for a more robust scientific basis before any experiments are conducted,
and the European Union delegation urged the adoption of a cautious approach to geoengineering activities
(Jungcurt et al. 2010).
The United States has not ratified the CBD and is technically under no obligation to honour any of the
Convention’s decisions (including the moratorium adopted in 2010). Nevertheless, the United States is a
signatory to the CBD and generally adheres to its decisions (ETC Group 2010).

Points of discussion/factors for success
One key point of discussion throughout the negotiations at the COP10 was on the definition of
geoengineering, which technologies are included in the definition, and whether to explicitly include
carbon capture and storage3 technologies (IISD 2010). Another point of discussion was on the conditions
necessary to lift the moratorium in the future (IISD 2010). Finally, there was significant debate on the kind
of scientific activities that would qualify for an exception to the moratorium (IISD 2010). The main reasons
for the adoption of the moratorium were gaps in scientific knowledge of geoengineering activities and the
potential environmental, social, and economic risks that are generated from them (Tollefson 2019).

Image: iStock

Source: Authors’ analysis

3

Technologies that capture and store carbon dioxide before releasing it back into the atmosphere, mainly using precombustion, post-combustion, or oxyfuel methods.
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3.3 London Convention and Protocol—
amendments in 2008, 2010, and 2013
The London Convention against marine dumping
entered into force in 1975 under the International Marine
Organisation framework and was subsequently updated
through the London Protocol in 1996. Read with the
London Protocol, it provides a mechanism to oversee
exploratory research on marine-based geoengineering
technologies (Lin 2016). In 2008, Parties to the London
Convention and the London Protocol adopted a
resolution that only permitted legitimate research
on ocean fertilisation4 (C2G 2021) to the exclusion of
deploying such technologies (Lin 2016). This decision
was similar to the policy position adopted by the CBD

in May of the same year (See section 3.2) (Ginzky and
Frost 2014). Subsequently, in October 2010, Parties to the
Protocol adopted an assessment framework to review
and determine the legitimacy and risks of proposed
ocean fertilisation activities. This includes detailed steps
for environmental impact assessment, site selection, risk
management, monitoring, and cooperation.
Then in 2013, Parties broadened the scope of this
regulation beyond ocean fertilisation, to include other
emerging marine geoengineering technologies that
can damage the marine environment (Ginzky and Frost
2014). However, the said amendment (A-Khavari 1997)
to the Protocol has not come into force (EPA 2021) as the
required minimum number of countries have not ratified
it yet. Therefore, such adoption remains ineffectual.

Analysis of negotiations under the London Protocol

Key actors
Information on the key actors that worked to advance or slow down negotiations on geoengineering
issues within the London Convention and Protocol is not publicly available. Therefore, it is not possible
to have a clear picture of the key actors involved (EPA 2021).5 Nevertheless, academic literature states
that Australia, the Republic of Korea, and Nigeria put forth the amendment in 2013 to expand the scope
of regulation to all emerging geoengineering technologies that have the potential to adversely impact the
marine environment (Ginzky and Frost 2014). The United States has generally opposed resolutions for
the governance of geoengineering technologies within the London Convention and Protocol (Ginzky and
Frost 2014).

Points of discussion/factors for success
Given the absence of publicly available negotiation reports, this section draws on relevant civil society
reporting and academic literature exploring the factors that led to successful negotiations. Ocean
fertilisation experimentation activities had been underway when the London Convention and Protocol
Parties met in 2008. It was, therefore, viewed as urgent during the negotiations and has been identified
as a major factor for the moratorium being successfully adopted (Ginzky and Frost 2014). Further, the
London Convention and Protocol’s institutional framework was deemed favourable, given its focus on
one primary objective (protecting the oceans) and, therefore, the absence of any competing objectives. In
addition, the development of a science-based interdisciplinary approach within the London Convention
and Protocol institutions and the fact that ocean fertilisation had been discussed in detail at the
preceding legal and technical working group meetings allowed the negotiators to work effectively (Ginzky
and Frost 2014). Finally, the coincidental absence of the American delegation at these negotiations may
have contributed to the success of the moratorium decision.
Source: Authors’ analysis

4

A geoengineering technology that is administered in the upper layers of the ocean by introducing certain nutrients which increase growth of algae
or phytoplankton, which in turn increase the carbon sequestration potential of the ocean.

5

The IISD Environmental Negotiations Bulletin does not report on London Convention and Protocol negotiations, and the adopted resolutions do not
specify who advanced them.

Image: iStock
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Reflection of sunlight through the stratospheric injection of sulphate aerosols

4. Examining the legal mandate of the Montreal Protocol
for the governance of SRM research
The Montreal Protocol has been identified as one
existing international agreement that can govern SRM
research (C2G2 2019). Having established the need for
governance and analysed various attempts at guiding
or restricting geoengineering research under other
international conventions, it is important to demarcate
specific criteria for evaluating the appositeness of the
Montreal Protocol for SRM research. These include
examining the congruence between the mandate of
the Protocol and the scope of SRM research, assessing
the institutional capacity under the Protocol to oversee
and regulate SRM research, and analysing the relative
coherence of the Protocol’s jurisdiction to regulate
the potential impacts of SRM research vis-à-vis other
environmental instruments.

The nuances stated in the previous paragraph will be
used to examine the linkages between the Protocol
and the various risks of SRM research that warrant
governance, namely spatial experimentation, covert
deployment, weaponisation, and the potential
ecological and geopolitical aggravations resulting from
these moves.

The link that draws SRM research
under the Protocol’s governance
umbrella is its potential impact on
the ozone layer.
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4.1 Congruence: Examining the overlap
between the mandate of the Protocol
and the scope of SRM research
Considering that it is the mandate of an instrument that
determines the scope of its governance, an element of
congruence between the mandate of the Protocol and
the scope of SRM research seems to be a jurisprudential
prerequisite. The mandate of an international legal
instrument is enshrined in its preamble, which captures
the Parties’ intention at the time of drafting and is relied
upon for the purposive interpretation of the remaining
text. The Preamble to the Montreal Protocol clearly
outlines its mandate, which extends to protecting the
ozone layer by taking ‘precautionary measures’ to
‘equitably’ control the global emissions of substances
that deplete it. The Protocol seeks to fulfil this objective
by regulating the production and consumption of
certain ‘controlled substances’, defined under Article 1
clause (4) and exclusively listed in Annexes A, B, C, E,
and F to the Protocol. In contrast, the objective of SRM
technology is not to protect the ozone layer or aid its
formation but to modify the Earth’s radiation budget to
reverse the impact of anthropogenic global warming.

Structural challenges to expand the
Protocol’s scope
While these objectives may prima facie seem
incongruent, what then brings the SRM research (and
hence its governance) within the ambit of the Protocol
is the use of ozone-depleting substances. SAI includes
the introduction of aerosols or small reflective particles
into the stratosphere, which increase the surface area
available for deflecting sunlight. This desired result is
not always achieved by directly injecting aerosols but
by chemical precursors (like sulphur dioxide), which
form aerosols (such as sulphuric acid, nitric acid, or
carbonyl sulphide) through atmospheric chemical
reactions (Llanos 2015). These reflective particles
reduce the availability of sunlight, which is an essential
ingredient for ozone formation (Xing et al. 2017). In
the presence of sunlight, these particles also undergo
photodecomposition, as a result of which the ozone
layer is depleted (Heckendorn et al. 2009). Therefore, it
is well established that among other risks, some SRM
technologies damage the ozone layer and retard ozone

Congruence between the mandate
of the Protocol and the scope of
SRM research is a jurisprudential
prerequisite.

formation (WMO 2010). Unchecked deployment could
counter the ozone recovery achieved under the Montreal
Protocol (Scientific Assessment Panel 2018). Further, the
impact of various other aerosols on the ozone layer is
largely unclear and remains to be ascertained.
Therefore, the link that draws SRM research under
the Protocol’s governance umbrella is its potential
impact on the ozone layer. Academic literature on this
evolving decision space holds a consensus that only
ozone-impacting SRM technologies could be governed
under the Protocol (Wieding, Stubenrauch, and Ekardt
2020), else the Protocol’s coherence may get muddied
(Redgwell et al. 2011). This is specifically true for
SAI research that relies on ozone-depleting sulphate
aerosols vis-à-vis other methods whose impacts on the
ozone are yet to be clearly understood.
While some may argue that the scope of the Protocol
has been broadened by the Kigali Amendment,
which introduced hydrofluorocarbons (HFCs) that
are not ozone-depleting substances (ODS), the fact
remains that HFCs were transitioned to as alternatives
to hydrochlorofluorocarbon (HCFCs), which was a
scheduled ODS governed under the Protocol. Moreover,
Article 9 clause 1(b) of the Protocol promoted the
development of other alternatives to the ‘controlled
substances.’ Therefore, it could be argued that the
introduction of HFCs was envisaged, and perhaps
encouraged, by the Protocol itself and hence, it is best
managed within its mandate. This stance becomes even
more clear upon examining the role of the Technology
and Economic Assessment Panel formed under the
Protocol, which is tasked with the mandate of inter alia
reviewing non-ozone-depleting technology alternatives.
However, it will demand astute craftsmanship from
the Parties to overcome certain structural constraints
within the Protocol’s existing framework. To be
governed under the current make-up of the Montreal
Protocol, any ozone-depleting aerosol that is not
included in the existing list of ‘controlled substances’,
would need to be included through an amendment.
As per the Protocol’s design, only the production
and consumption of ‘controlled substances’ can be
regulated and governed. All reporting, compliance, and
financial and technological cooperation mechanisms
are also centred around the eventual reduction or
removal of these ‘controlled substances’. If additional
ozone-depleting aerosols were to be brought under this
definition, it may require an amendment under Article 9
of the Vienna Convention, which is likely to be met with
resistance from countries seeking to retain and increase
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their technological monopoly in the domain (National
Academies of Sciences Engineering and Medicine. 2021).
It is further observed that some of the aerosols used in
albedo modification may have various alternative uses
and may need regulation only to the limited extent
of their use in SRM techniques. Therefore, unlike the
‘controlled substances’ listed in the Protocol, these
ozone-depleting aerosols may not need to be phaseddown or phased-out in totality and across all their
utilities but rather only in its selective utility for SRM.
The proposal to govern SRM research under the Protocol
goes much beyond the simple inclusion of aerosols as
‘controlled substances’ that deplete the ozone layer. It
is an extensive process that will require new rules for
monitoring, reviewing, coordinating, reporting, and
regulating research to keep in check the possibilities of
spatial experimentation and deployment. These will go
beyond the existing structural framework of the Protocol
that is centred almost exclusively around the governance
of ‘controlled substances.’
It is essential to address these complexities of statutory
construction to comprehensively assess the scope and
extent of integrating SRM research within the Protocol.

Excluding non-ozone depleting SRM
technologies
Importantly, SRM technologies that do not use aerosols
for deflecting sunlight, such as enhancement in surface
albedo and techniques of MCB, also exist. Some
examples of this SRM technique includes growing crops
that are inherently more reflective, whitening rooftops
with paint, and covering large swathes of barren/desert
land with reflective materials (Geoengineering Monitor
2021b). Certain aerosol techniques have also proven to
be non-ozone-depleting, though their impacts on the
hydrological cycle, local climate, and biodiversity are yet
to be ascertained (Yang et al. 2020). It is difficult to loop
in such technologies within the scope of the Protocol
without altering its existing mandate, which is limited
to protecting the ozone and preventing environmental
harms arising from its damage.
Moreover, the downside risk of potentially reopening a
negotiated and extremely successful climate protocol,
with major economies like the United States being fully
committed to its success, cannot be discounted.
The task of partially governing SRM, to the extent of
SAI and other techniques deploying potentially ozonedepleting aerosols, could therefore safely fall within the
ambit of the Protocol, while the status quo on regulating
non-ozone-depleting and aerosol-based SRM techniques

under other appropriate conventions could continue.
There may still be overlaps, but that could not be a
reason to preclude the application of the Protocol as
impacts on the ozone can only be addressed under the
Protocol.

4.2 Institutional capacity: Assessing
the institutional framework under the
Protocol to oversee and regulate SRM
research
The exclusivity of the Protocol’s mandate essentially
defines the functions of its institutions and bodies.
For a basic overview, it is important to note that both
the Convention and the Protocol have their respective
governing bodies—respectively the Conference of Parties
to the Vienna Convention and the Meeting of Parties
(MOP) to the Montreal Protocol.
The Secretariat established under Article 12 of the
Protocol is the nodal agency that coordinates the Parties’
periodic meetings and facilitates the exchange of
information inter se, and other administrative functions
to further the Protocol’s objectives. The MOP established
a Bureau (Decision I/2) to review the documents
prepared by the Secretariat for the MOP and consider
any topics on the agenda for future meetings. It also set
up an Open-Ended Working Group (Decision I/5), which
inter alia reviews the reports of the assessment panels
to integrate them as a synthesis report and suggest
any amendments to the Protocol based on the panel
assessment reports, if required.
The governing body of the Protocol or the MOP has been
vested with power under Article 11 clause 4 thereof to
discharge various functions, which include inter alia
the power to review the implementation of the Protocol,
decide on the addition or removal of ‘controlled
substances’, establish and update guidelines for the
reporting of information by the Parties, and consider
and adopt proposals for amending the Protocol. What
is pertinent to note for the purpose of this issue brief
in particular is the last function indicated in Article 11
clause four sub-clause (j), which empowers the MOP to
“consider and undertake any additional action that may
be required for the achievement of the purposes of this
Protocol.”

The SAP and EEAP have specifically
undertaken the scientific analysis of
only those geoengineering techniques
that impact the ozone layer.
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In addition to these governing bodies, however, the
MOP in Decision I/3 decided to establish under Article
6 of the Protocol three assessment panels discussed
below (Ozone Secretariat 2021). Of relevance to note
here is that the role of these assessment panels is to
provide technical (scientific, economic, technological)
advice/review to the MOP and therefore do not have
any binding or regulatory authority. The purpose of
exploring their mandate here is to assess the scope of
their advisory role and whether SRM research, either
wholly or partially, falls within it.
1. Panel for Scientific Assessment (SAP)
As per its original terms of reference detailed in
Annex VI to Decision I/3, this advisory body must
review the scientific knowledge of the ozone layer
and related atmospheric science issues. Established
alongside the other panels in 1988, it provides Parties
with scientific information relevant for protecting the
ozone and publishes a detailed report every three to
four years.
The latest findings of the Scientific Assessment Panel
(SAP) were published in a report prepared by the
World Meteorological Organisation (WMO)6, UNEP,
National Aeronautics and Space Administration
(NASA), the European Commission, and National
Oceanic and Atmospheric Administration (NOAA) in
2018. This report categorically notes the impact of
only those geoengineering techniques that increase
stratospheric aerosols. To this extent, it states that
such technology would alter the stratospheric
ozone layer (Scientific Assessment Panel 2018)
and that much less is known about the impacts of
geoengineering solutions that use non-sulphate
aerosols. The report further calls for a better
understanding of the potential impacts of SRM
technologies on the ozone layer, which is expected to
be addressed in the next Scientific Assessment Panel
in 2022 (Scientific Assessment Panel 2018).
2. Panel for Environmental Assessment (EEAP)
Known as the Environmental Effects Assessment
Panel (EEAP), this panel examines the effects of
ozone layer depletion and has experts from the field
of photobiology and photochemistry as its members
(Secretariat 2021).

6
7

It published its latest report in 2020, which touches
upon the interaction of UV radiation with climate
change and the effects of ozone depletion on human
health, biodiversity, food security, and ecosystem
services. It is noteworthy that the 2018 report of the
EEAP titled ‘Environmental Effects and Interactions
of Stratospheric Ozone Depletion, UV Radiation, and
Climate Change’ terms geoengineering technology as
a ‘new threat’ and singles out stratospheric aerosol
injection as likely to have important side effects on
the ozone layer and UV radiation (UNEP 2018a). It
confirms that sulphate aerosols could accelerate
stratospheric ozone loss and compound the impacts
of increased UV penetration.
3. Panel for Technology and Economic Assessment
(TEAP)
The TEAP provides technical information at the
request of Parties on alternative technologies that
have proven to help reduce or eliminate the use of
ozone-depleting substances. As per its initial terms
of reference, the panel must review knowledge on
state-of-the-art technology for phasing out controlled
substances, in addition to studying the economic
effects of ozone modification. The TEAP further
comprises five technical options committees (TOCs)
that assess the technical and economic viability of
different alternatives to the applied uses of ozonedepleting substances.
In addition to the above Panels, another research
arm under the Vienna Convention is called the Ozone
Research Managers, which consists of government
atmospheric research managers and scientists who
have deep domain knowledge in ozone modification7.
Meeting every three years, these Managers publish
a report with recommendations for future scientific
research and cooperation between the Parties to the
Protocol. The Protocol also has an implementation
committee (IMPCOM), which must consider the
reports, information, and other submissions by Parties
to assess any non-compliance with the production and
consumption requirements under the Protocol (UNEP,
n.d.).
The work of each of the above-mentioned panels is
in furtherance of the Protocol’s central objective—
protecting the ozone layer. The SAP and EEAP have
specifically undertaken the scientific analysis of only

It is worth mentioning that the WMO has been conducting scientific ozone monitoring and research much before its formalisation under the SAP of
the Montreal Protocol.
Ozone modification is the science which studies the atmospheric interactions of different elements with the ozone layer and the impact such
interactions may have on its composition.
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those geoengineering techniques that impact the ozone
layer. Therefore, the institutional mandate and capacity
of the Protocol to assess and monitor SAI technologies
exist, even though the same cannot be confidently
said about other SRM technologies. SAI technologies
impacting the ozone fall directly within the Protocol’s
ambit, but another reason for its proposed candidature
is the Protocol’s near universal membership, historical
achievement, and acclaimed legitimacy among actors
from both the Global North and South (Redgwell et
al. 2011). Moreover, non-sulphate aerosol techniques
for SAI could also be brought within the purview of
the Protocol in light of the SAP’s observation that the
impacts of non-sulphate aerosols on the ozone remain
largely unknown. Since non-sulphate aerosols are also
part of ‘atmospheric science’ and its potential effects on
the ozone layer, studies of other non-sulphate aerosol
techniques of SAI could also be undertaken within the
Protocol’s mandate.

•

4.3 Jurisdiction: Analysing the
Protocol’s relative jurisdiction to
regulate the impact of SRM research
vis-à-vis other environmental
instruments

Drawing the causal linkage of the resulting damage
to the Protocol in such cases would be difficult.
Therefore, bringing SRM technology in its entirety
under the Protocol’s purview could restrict the mandate
of governance. In such a scenario, is the governance
framework under the Protocol best suited to assess,
regulate, and penalise the deviant actors for such nonlinear impacts? For this reason, attempts at regulating
solar geoengineering research and technologies have
been placed under different international conventions
(see Chapter 3). The mechanisms of these various
global environmental treaties would apply in individual
contexts depending upon the impact attribution of SRM
research and deployment that is sought to be regulated.
MCB techniques could have potential impacts on oceans,
in which case the London Protocol and the International
Convention for the Prevention of Pollution from Ships
(MARPOL) would become applicable. Similarly, due to
potential impacts on biodiversity, mechanisms and Party
obligations under the CBD may apply. The overlapping
applicability of conventions is a real possibility given
the largely unascertained ecological and geopolitical
impacts of SRM. Therefore, no governance framework
can be prepared without taking cognisance of this legal
and operational difficulty.

In the case of SAI, both the space of deployment and
primary effect is almost exclusively the stratospheric
ozone. The precursors for ozone depletion that go on
to form aerosols are released into the stratosphere
and then impact the ozone layer. However, other
technologies of SRM such as MCB, CCT, and surface
albedo modification are not limited to the stratosphere
for their deployment and therefore have multiple
potential primary effects. Research has been
undertaken also on non-sulphate aerosol alternatives
for SAI that do not deplete the ozone layer despite
their stratospheric deployment, such as calcite, salt,
alumina, silicon carbide, titanium oxide, zirconium
oxide, diamond powder, and other nano-particles
under development (Yang et al. 2020). This raises two
fundamental questions:
•

If non-sulphate aerosols used in SAI are found to
have no adverse impact on the ozone layer, will they
still fall under the purview of the Protocol?

The overlapping applicability
of different conventions is a
real possibility given the largely
unascertained impacts of SRM.

If ozone depletion is not the primary or only
adverse effect of deploying SRM technology, will
the Protocol be the best instrument for overarching
environmental governance?

For example, techniques like MCB or cloud reflectivity
enhancement also include the use of sea salt aerosols or
other non-sulphate aerosols for increasing the albedo
effect of clouds that go on to reflect more sunlight. While
some studies do suggest that the sea salt may react with
sunlight and other pre-existing catalysts to damage the
ozone, it may also go on to cause even more disastrous
effects such as fall in the global mean precipitation
levels, especially over the Amazon rainforest (Jones,
Haywood, and Boucher 2009), which would sound
the death knell for the natural ecosystem and its
biodiversity, in addition to having disastrous economic
consequences on forest dwellers and industries relying
on the region and its rain-dependent produce.

In the absence of such compartmentalisation of
mandates inter se international conventions, utter
confusion would prevail on the law applicable
to different issues. To maintain this sanctity of
international environmental jurisprudence, it is,
therefore, crucial that we assess the applicability of a
Convention and its Protocols to any specific issue from
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Figure 1 Analytical framework to understand the overlapping scope of SRM Governance under the Montreal Protocol

Identifying the Overlapping Scope of Governance
Montreal Protocol
Aimed at protecting the ozone layer
from ozone depleting substances
(ODS)

•

It fulfills this objective by inter alia
regulating the production and
consumption of ODS

•

SRM Research

Congruence
The mandate of the
Protocol to prevent any
damage to the ozone layer
can extend to governing
SRM research that may
impact the ozone layer

•

Research assesses potential impacts
of SRM deployment on human
health, climate, ozone layer, marine
and terrestrial habitats, biodiversity,
agriculture, etc.

•

Types of SRM technologies like SAI are
directly deployed in the ozone layer
and proven to have negative impacts.

•

Review scientific knowledge of
ozone layer and related atmospheric

•

stratospheric interaction

science (SAP)
•

Examines impacts of ozone
depletion (EEAP)

•

Studies alternative technologies that
eliminate or reduce the use of ODS
(TEAP)

•

The Secretariat is empowered
to take any necessary action for
protection of the ozone layer

•

Consists of Ozone Research
Managers i.e., government
researchers and scientists who have
deep domain knowledge on ozone
modification

•

Can regulate the phase-out and
phase-down of ODS or high GWP
substitutes mentioned in its Annexes

•

•

The Protocol possesses
exclusive jurisdiction on
matters related to the ozone
layer and any substance that
impacts the ozone layer.
The Protocol enjoys universal
ratification, and has already
undertaken research on the
impacts of stratospheric
aerosols.

Studies the type of aerosol most
suited for spatial injection and its

Institutional Capacity
Institutions under the
Protocol possess the
scientific, administrative,
and technical expertise
to study, oversee, and
regulate SRM research
(especially SAI) which uses
ODS, including all annexed
substances mentioned in
the Protocol.

Examines optimum amount, site,
and speed of aerosol injection

•

Explores non-aerosol based SRM
techniques such as the option of
surface albedo modification or
increasing reflectivity of surfaces

•

Organised research will require
setting terms of reference for
conducting experiments

•

Such ToR will also serve to
regulate the exchange of
information and research
outcomes between Parties to
ensure transparency

•

London Protocol extends to ocean
fertilisation activities, with an
amendment to expand its scope
to other geoengineering activities
that may impact the ocean.

•

The Convention on Biological
Diversity imposes a moratorium
on all geoengineering activities
that may impact biodiversity.

•

Attempts to govern SRM under
the UNEA have failed.

Jurisdiction
In the absence of any
international convention
to govern the impact of
geoengineering activities
on the ozone layer, the
Montreal Protocol is the
only option.

•

Conclusion
The Montreal Protocol may govern all ozone depleting aerosol based SRM technologies, particularly stratospheric
aerosol injection (SAI), including those substances mentioned in the Annexes to the Montreal Protocol.

Source: Authors’ analysis

Solar Geoengineering and the Montreal Protocol: A Case for Global Governance

the lens of the very mandate bestowed by its Preamble
and subsequent provisions to reduce duplicity and
enhance the exclusivity of its intended outcomes. In the
absence of any other specialised institution to assess the
impact of SRM on ozone, the Protocol may be developed
to regulate SAI research to prevent the depletion of the
ozone layer. Other conventions may be applied in cases
where such research or deployment is established to be
stratospherically benign.

4.4 Finding common ground
It is clear from the discussion so far that the Protocol’s
mandate could be extended to govern research of only
those SRM technologies that use potentially ozonedepleting substances. SAI technologies that deploy
sulphate aerosols clearly fall within this domain, but it
is slightly tricky to include other SRM methods , namely
SAI, MCB, and CCT, which could employ non-ozonedepleting aerosols. This limitation is on account of the
structural, institutional, and jurisdictional setup of the
Protocol.
First, the structural make-up of the Protocol provides
little or no leeway to incorporate such a governance
framework. The potentially ozone-depleting substances
under research could be added as a ‘controlled
substance’ in an Annex to the Protocol to ensure that
the production and consumption of such substances
for the limited purpose of SRM is regulated. However,
the addition of these substances to the Protocol could
become enforceable only through an amendment
and its subsequent ratification by the Parties. Even
if such an amendment were achieved, the ambit of
SRM research and technology development under
the Protocol would still remain circumscribed by its
mandate, which is limited to preventing ozone depletion
and its impacts. During the course of research, if any
substances were found to be non-ozone-depleting yet
have adverse impacts on other natural systems such as
the hydrological cycle, crop yields, and biodiversity, it
may be difficult and perhaps even unnecessary to apply
the Protocol to these substances as more specialised
and authorised institutions have been created to govern
disaggregated impacts. The congruence between the
primary effects of geoengineering technology and the
mandate of the Convention was also an important factor

A central authority for current
and prospective geoengineering
technologies may help transition from
the current adhocism in governance.

during the discussions on governing ocean fertilisation
under the London Protocol.
The potential non-linear impacts of SRM deployment
would attract different specialised environmental
conventions with different member Parties and
mandates, leading to jurisdictional overlaps, conflicts,
and doubling of efforts. This was also one of the reasons
why the attempt at governance of geoengineering
research under the UNEA failed. Further bifurcating
SRM based on its impact on the ozone only perpetuates
the compartmentalisation of different SRM techniques in
an already fragmented and scattered legal landscape.

A central governance framework for
geoengineering
Ideally, what may be worked out is an independent
body to govern geoengineering technologies as a
separate cohort in all its forms—carbon dioxide removal
technologies, SRM, and any other geoengineering
methods that may be developed in the future.
Considering that the impacts of these technologies
cut across the mandates of different environmental
conventions, a central authority could be vested under
a separate statute with exclusive regulatory jurisdiction.
Constituting such a body would also provide an avenue
for accommodating newer geoengineering technologies
that may be developed in the future, thereby
transitioning away from the current ad hocism to a
more robust and consolidated framework for regulation.
Nations need to arrive at a consensus on governing
climate modification technologies, as was done in the
case of nuclear technology.
The International Atomic Energy Agency (IAEA)
is a precedent worthy of emulation for a proposed
geoengineering governance body. The IAEA was created
in 1957 under the aegis of the United Nations as a
response to the apprehensions and expectations arising
from the diverse uses of nuclear energy (IAEA 2021), a
setting quite similar to the emergence of geoengineering
technologies. The Statute of the IAEA under Article III
prescribes the functions of the agency, which include
inter alia the research and development of atomic
energy for peaceful purposes, the establishment,
administration, and need-based application of
safeguards to the peaceful use of atomic energy or
any information related thereto, fostering exchange
of scientific and technical information among parties
(IAEA 2016). The membership to the IAEA is open to all
member countries of the United Nations who may do so
by signing the statute and to those non-members who
may deposit an instrument of accession. However, this is
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Governance of geoengineering
research must incorporate
transparency to reassure the public
about the integrity and legitimacy of
the process.
not to suggest that the IAEA offers a perfect institutional
set-up that could be mirrored for SRM governance.
It will be important for any such consolidated
framework or institution to constitute inter alia a
technical committee made up of specialised scientific
organisations or its representatives, such as the WMO,
NOAA, the United Nations Environment Programme,
and NASA, which have been pioneering the research
on the impact of certain solar geoengineering methods
upon the ozone layer and environment. Such a
committee must also be aided by relevant findings
across different official sources such as the IPCC
and the SAP and EEAP under the Montreal Protocol.
Notwithstanding the difficulties in arriving at such a
regulatory construct, there is no doubt that it would
best serve the needs for universal governance of solar
radiation research.
In view of the geopolitical complexities between
nations as witnessed in Chapter 3, arriving at such an
independent regulatory statute and institution any time
soon is difficult. It is therefore advisable that in view of
its universal membership, robust institutional capacity,
scientific assessment competence, and mandate, that
the Montreal Protocol be identified as an appropriate
institution to govern SAI techniques in addition to other
techniques deploying ozone depleting aerosols. This
will help overcome the current regulatory uncertainty
while pursuing longer-term negotiations for a more
trans-disciplinary and all-encompassing regulation for
SRM in its entirety.
Such a governance framework and body, in both cases,
must be based on certain principles that shall be
explored in the next chapter.

5. Key governance
principles for solar
geoengineering research
Transparency is one governance principle recognised as
necessary for ensuring the legitimacy of geoengineering
research, as it exposes vested interests, increases
public trust, and qualitatively enhances the research

outcomes (Reynolds 2019). Beyond being a core
normative principle, a high level of transparency is also
likely to lead to better decision-making, as it increases
accountability and public participation in decisionmaking (Lin 2016). Indeed, transparency is a consistent
feature of all non-governmental initiatives and wider
transparency literature has already proposed principles
for the governance of geoengineering research (Oxford
principles, Asilomar principles, Tollgate principles,
Geoengineering Research Governance Project Code
of Conduct) (Silverman 2010). It is precisely for this
reason that we propose transparency as the inalienable
foundation of any proposed SRM/geoengineering
governance framework.
This is particularly important for SAI technologies, a topic
that is publicly perceived as being deeply controversial
and characterised by the emergence of conspiracies
(Tingley and Wagner 2017). Chemtrail conspiracies
(the idea that the airplanes are spraying a toxic mix
of chemicals through contrails), in particular, have
been a contentious topic of discussion on social media
(Tingley and Wagner 2017). As a result, any process for
governance of geoengineering research must incorporate
transparency to reassure the public about the integrity
and legitimacy of the process. A truly transparent
governance process has the potential to catalyse other
features of legitimacy, including public participation,
accountability, and independence (Lin 2016).

5.1 Dimensions of transparency as a
governance principle
Three essential dimensions of transparency emerge from
the geoengineering literature:
The first dimension is transparency between
researchers, as it is important for the research
community to be aware of and have information about
other ongoing experiments in order to avoid duplication,
build on past experiments, and ensure the reliability
of results (Kruger 2019). The fact that transparency
between researchers is currently fostered at conferences
and workshops poses questions of legitimacy, as the
majority of researchers are concentrated in the Western
world (Ghosh 2019).
The second dimension of transparency is
between nations, as sovereign nations must be
involved in inclusive information-sharing processes
to make informed decisions on research related to
geoengineering (Hubert 2017). Without this dimension
of transparency, there is a risk of advanced research
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in certain countries becoming a political advantage
to determine the direction of future research and
governance frameworks (Ghosh 2019). This is
problematic, as geoengineering research (especially
SRM) has been a majorly Western enterprise, and
perspectives from the Global South are largely missing
(IC Centre for Governance 2019).
The final dimension of transparency is towards
the general public, as geoengineering is a high-risk
technology that affects the public interest (Ghosh 2019).
Effective transparency has the potential to foster public
participation in geoengineering research governance
policy, as well as increase accountability to the public
(Lin 2016).

5.2 Principles for effective
transparency
The following section explores a few principles for
effective transparency that emerge as a consensus across
these above-mentioned sets of principles: (i) ease of
access to information; (ii) targeted information; (iii)
public participation, and (iv) reliability.
1. Ease of access to information
For transparency measures in climate geoengineering
research to be effective, the relevant information
must be shared with the appropriate actors in a
timely and easily accessible manner. A centralised
clearing-house mechanism (Convention on Biological
Diversity 2010)8 has been proposed (Hubert 2017). In a
similar vein, the Oxford principles advocate for open
publication of research results, and both the Asilomar
principles and the GRGP Code of Conduct emphasise

Figure 2 Stakeholders in transparency

Public

Nations

Researchers

Source: Authors' compilation

the importance of making information widely
available and accessible (Silverman 2010).
Nevertheless, full transparency of geoengineering
research activities could create risks of rogue actors
and activities with problematic consequences
(Gardiner and Fragnière 2018). As a result, full
disclosure is not appropriate in all settings, and
the functional meaning of transparency will partly
be a matter of judgement, as confidentiality may
need to be maintained in certain instances, given
the security implications of solar geoengineering

A functional meaning of transparency
must be adopted to mitigate the
security risks from complete disclosure.

Attempts at defining principles of geoengineering research governance
Previous non-governmental attempts to define geoengineering research governance principles have been the following :

8

•

The Oxford principles (2009): Five principles proposed to guide research of geoengineering techniques

•

The Asilomar principles (2010): Five principles to promote the responsible conduct of geoengineering research, drawing
on the Oxford principles (Keith et al. 2015)

•

The Tollgate principles (2018): Ten principles building on the Oxford principles, focusing on ethical dimensions of
geoengineering

•

The Geoengineering Research Governance Project (GRGP) Code of Conduct for GE research (2017): Guidance on the
conduct of geoengineering research

A two-way platform for seekers and providers of information, aiming to promote cooperation within and between
countries, and develop a mechanism and network for exchanging and integrating information. The CBD has such a
mechanism in place.
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activities (Gardiner and Fragnière 2018). In this
case, the governance structure itself should review
and ensure that the research community has done
its due diligence in making its work transparent,
as appropriate (Long and Parson 2019b). The
Tollgate principles emphasise that in the case of
confidentiality being necessary due to security
reasons, geoengineering research information should
be subject to a review process involving stakeholders
or their representatives. This review process must
address the specific concerns of stakeholders that
cannot be physically represented, including future
generations and the natural world (Gardiner and
Fragnière 2018).
2. Targeted information
For transparency to be effective, the information
on geoengineering research should be packaged
differently for different audiences (for example,
the general public, policymakers, or researchers).
In practice, this means that a summary should
complement raw information to verify credibility
and to ease the processing burden that is otherwise
likely to hinder transparency (Hubert 2017). For
example, the GRGP Code of Conduct proposes
that geoengineering research projects submit
information on research plans, programmes,
objectives, methodologies, results of peer review,
assessments, authorisations, monitoring, research
results, and compliance reporting. It also suggests a
brief, non-technical summary on all of these points
in both a local language and English (Hubert 2017).
Similarly, the Asilomar principles recommend
that geoengineering research results be effectively
communicated, including a few public education
activities (ASOC 2010).
3. Public participation
This set of principles unanimously underscores the
requirement to consult with communities that could
bear the potential impacts of albedo modification,
with a specific focus on the most vulnerable groups.
The Asilomar principles suggest that information
should be provided in an accessible form about the
nature of the proposed field experiment, its reasons,
and the potential impacts, while also engaging
with the public to improve the programme design
(ASOC 2010). The Oxford principles also emphasise
on the condition to inform, consult, and seek prior
consent of the people depending upon the technique
deployed, suggesting that methods like albedo

Public consultation, especially with the
most vulnerable groups, is a crucial
pillar of transparency.
modification likely require global consent (Oxford
University 2021). The GRGP also requires that,
wherever practicable, including the interested public
at relevant levels of decision-making about SRM
research (Hubert 2021).
4. Reliability
Finally, information on geoengineering research
that is reported must be reliable so that it is useful
for further action. To ensure a reliable transparency
process, the governance processes themselves must
be transparent (Lin 2016).
Lessons can be drawn from the field of pollution
disclosure and weaponry conventions. These
bodies of literature show that independent
monitoring, verification efforts, and scrutiny
at various checkpoints can improve reliability
and ultimately make transparency efforts more
effective (Lin 2016). Indeed, both the Oxford and
Asilomar principles emphasise the importance of
independent assessment of research activities and
their impacts (Silverman 2010). Nevertheless, the
Tollgate principles raise questions on what defines
an independent evaluation (whether assessments
from within the same research community or country
can be deemed independent) and the difficulty in
assessing the impact of geoengineering activities
given the lack of a certain baseline (Gardiner and
Fragnière 2018).

5.3 Legal principles of international law
Additionally, incorporating specific principles of
international environmental law must underline the
implementation of these transparency principles while
also guiding national policy on the topic. These include
the following:
1. Principle of transboundary harm
The United Nations’ International Law Commission
has laid down principles that reconcile a country’s
sovereign right to exploit natural resources within
its jurisdiction with its international responsibility
to prevent any harm arising therefrom beyond its
sovereign confines. This principle of sic utere tuo ut
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Prevention is better than cure, as
the science of causal attribution is
especially complicated in the case
of SAI.
alienum non laedas9 has been crystallised in draft
articles (United Nations General Assembly 2005)
in consonance with Principle 21 of the Stockholm
Declaration (United Nations 1972) to cover activities
not governed by any existing framework. It is
grounded on the premise that prevention is better
than cure as reparations cannot always restore the
status quo. Moreover, tracing the chain of causation
and all non-linear effects thereof is complicated, even
more so in the case of SAI.
2. Precautionary principle
The widely accepted implication of this principle
is that uncertainty vis-à-vis the possibility of
environmental harm arising from an activity must
not deter actions to avert it. The underlying rationale
is that delaying preventive action in anticipation of
compelling evidence may lead to irreversible damage.
This principle necessitates extensive research as
a preventive precursor to spatial experimentation

9

or aerosol-based SRM technology deployment.
Another actionable extension of this principle is the
imposition of an international moratorium on any
‘perturbation experiments’, similar to that imposed
under Article 14 of the CBD or in accordance with
Principle 15 of the Rio Declaration on Environment
and Development (United Nations 1992).
3. Inter- and intra-generational equity
The “unknown unknowns” (Dykema et al. 2014) of
solar geoengineering incomprehensibly threaten the
stability of our climate. Any adverse impact on the
existing and limited natural resources, therefore,
could impair their availability for both the present
and future generations. This principle stresses on
the importance of research that investigates the nonlinear impact of SRM technology across planetary
boundaries (Stockholm Resilience Centre 2015),
thereby streamlining sustainability as the main
imperative.
Any SRM governance framework, therefore, must
integrate these dimensions and principles of
transparency and international law, in order to
remain effective, preventive, and equitable.

A Latin legal maxim that means ‘one must use his property so as not to injure the lawful rights of another’.
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Solar Radiation Management
Governance Framework
Scope of SRM Research
PRESCRIBE
terms of
reference (TOR)
for research
projects

FACILITATE
exchange of
information
between Parties

ANALYSE
properties of aerosols,
the amount, speed,
site, duration and
impact of deployment,
stratospheric interaction
of aerosols, etc.

FORMULATE
guidelines for
attribution and
accountability

Transparency
Principles

Legal
Principles

Access

Precautionary
Principle

Reliability

Transboundary
Harm

Targeted
Information

Inter-generational
Equity

Public
Participation

Intra-generational
Equity

Foundation of
Governance

Montreal Protocol

Congruence
Between the mandate
of the Montreal
Protocol and the
scope of SRM research
governance to the
extent of preventing
any damage to the
ozone layer

Institutional Capacity
To prescribe, oversee,
assess, and regulate the
impact of aerosol based
SRM, especially SAI, on
the ozone layer

Jurisdiction
To govern the impact
of SRM technology on
the ozone layer vis-àvis other international
conventions
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6. Conclusions
In this issue brief, we have highlighted the urgent
need for a governance framework to regulate research
on solar geoengineering technology. We propose the
Montreal Protocol as a suitable institution for governing
SAI technology and other SRM techniques employing
ozone depleting substances.
The potential transboundary impacts surrounding
SRM, added to the increasing possibility of in situ
experimentation necessitate a regulatory framework
that advances reliable, responsible, and transparent
research focussed on addressing these risks without
furthering them. Given the scattered legal landscape for
governing geoengineering under different international
fora, we suggest the establishment of an overarching
convention on geoengineering that aggregates relevant
laws to replace the existing ad hocism and uncertainty
surrounding its governance.
We, however, acknowledge the existing geopolitical
challenges in arriving at such an independent
institution. It is, therefore, suggested that the scope

of governance under the Protocol could extend to SAI
research and other SRM techniques which use ozone
depleting substances, including ‘controlled substances’
mentioned in the Annexes to the Protocol. This legal
congruence, between the scope of SAI research, the
nature of ozone depleting aerosols, and the Protocol’s
mandate of ozone protection delineates the Protocol
as a coherent governance framework. This research
also assesses the existing structural challenges for
integrating solar geoengineering into the Protocol,
highlighting the institutional strengths that can
be leveraged to assess and monitor the scientific,
technological, and economic developments. It proposes
transparency as an underlying principle for such a
governance framework, in addition to principles of
international law such as the precautionary principle,
inter- and intra-generational equity, and the principle of
transboundary harm.
In view of these factors, the Protocol qualifies as a
robust and complementary regulatory mechanism
for governing SAI research and other SRM techniques
using ozone depleting substances, in furtherance of its
objective to protect the ozone layer.
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The purpose of further research is to
improve our understanding of the
scientific uncertainties surrounding
SRM, without furthering them.
Image: Alamy

27

28

Solar Geoengineering and the Montreal Protocol: A Case for Global Governance

COUNCIL ON ENERGY, ENVIRONMENT AND WATER (CEEW)

ISID Campus, 4, Vasant Kunj Institutional Area
New Delhi - 110070, India
info@ceew.in | ceew.in |
@CEEWIndia |
ceewIndia

