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Showcasing work from Jorge Menna Baretto’s studio and Sikina
Jinnah’s research group, University of California, Santa Cruz,
United States.

Solar radiation management: a history of the governance and
political milestones

Butter Architecture is a photographic series by Jorge Menna
Barreto, presented here in dialogue with the critical review by

Sikina Jinnah and Zachary Dove. Though created independently,
the work became Barreto’s response to the authors’ invitation to
bridge artistic and scientific perspectives. The melting butter tablets
evoke the fragility of constructed worlds under heat, echoing SRM’s
tensions: between preservation and collapse, action and inertia. As
environments dissolve, daily life continues—reflecting our difficulty
in adjusting to a rapidly changing planet.

Jorge Menna Barreto, Butter Architecture, 2006-2021, photographic
and film series; courtesy of the artist.
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This paper provides a chronological review of the governance history of solar radiation management (SRM),
also called solar geoengineering, from 2006 to 2024. Often characterized as an ungoverned space, we
argue that the governance landscape for SRM is actually quite rich, though activity is primarily in the
Global North, where research and governance capacity is concentrated. We illuminate the many
governance initiatives and mechanisms in this area, explaining each mechanism's significance, relevant
politics, and intersections with questions of environmental justice. We then identify gaps, limitations,

possible future developments, and key contestations, including as related to justice. Crucially, as the
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Accepted 10th April 2025 chronological review shows, historical developments have largely occurred within a handful of countries

in the Global North, laying bare the need to strengthen ongoing efforts to capacitate climate vulnerable
countries in the Global South so they can more effectively shape the trajectory of SRM governance. We
conclude by offering suggestions for future governance development.
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Environmental significance

Attention towards solar radiation management (SRM) is increasing and a number of efforts have been made since 2009 to govern its research. However, as we
illuminate in this paper, the history of SRM governance has been largely driven by scientists and other actors in the Global North, whereas climate vulnerable
communities particularly in the Global South have the most to gain or lose from decision-making on research and deployment. An international divide in the
capacity to research and govern SRM risks undermining legitimate and informed decision-making and exacerbating climate injustice. Attempts to build
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research and governance capacity in the Global South must scale up alongside research on public engagement and global public perspectives in the context of

a public, proactive, standardized, and centralized governance architecture.

Introduction

Solar radiation management (SRM) is a set of controversial
technologies that might be considered to help ameliorate the
worst impacts of climate change.t They would operate by
reflecting a small amount of sunlight back into space, by for
example, depositing reflective particles in the stratosphere,
thereby cooling the planet. SRM does not address the under-
lying causes of climate change. Thus while controversial, there
is consensus that if it is ever considered, it should never be used
in place of mitigation or adaption. SRM is increasingly the
subject of political discussions as climate change continues to
worsen and policy lags far behind.

Although SRM is often characterized as an ungoverned
space, we argue that the governance landscape for SRM is
actually quite rich. We demonstrate this by providing a chro-
nological review of SRM governance history from 2006 to 2024.

“Department of Environmental Studies, University of California, Santa Cruz, USA.
E-mail: sjinnah@ucsc.edu

*Department of Politics, University of California, Santa Cruz, USA

T Other synonymous terms used to describe these technologies include solar
radiation modification and solar geoengineering.
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We illuminate the many governance initiatives and mecha-
nisms in this area, explaining each mechanism's significance,
relevant politics, and intersections with questions of environ-
mental justice. We then identify gaps, limitations, possible
future developments, and key contestations, including as
related to justice. Crucially, as the chronological review shows,
historical developments have largely occurred within a handful
of countries in the Global North, laying bare the need to
strengthen ongoing efforts to capacitate climate vulnerable
countries in the Global South so they can more effectively shape
the trajectory of SRM governance. We conclude by offering
suggestions for future governance development. Before delving
into this history, we begin with a short discussion of what
governance is and why it is important for guiding research,
including on SRM.

What is governance and how can it
guide research?

Governance is the set of structures and processes that are
designed to organize and guide behavior on issues of public
interest." Governance is made up of norms, practices, policies,

© 2025 The Author(s). Published by the Royal Society of Chemistry
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and other tools that steer or influence behavior in a particular
issue area. It can be public or private, local, national or inter-
national, voluntary or mandatory, formal or informal (Table 1).
Importantly, when well designed, governance can enhance
benefits, decrease costs, and shape the distribution of costs and
benefits across populations.

Governance has long been thought of as a constellation of
overlapping and interacting parts. Building on the work of
Nobel laureate Elinor Ostrom, scholars of the commons,
particularly those interested in natural resource governance and
public administration, have built a robust literature theorizing
polycentric governance arrangements, wherein governance is
characterized by multiple overlapping but decentralized centers
of decision-making across scales, from the local to the global.*?
Those who focus largely on global governance have referred to
these constellations as regime complexes, wherein several
overlapping institutions steer behavior in a given issue area.*
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More recently scholars of global governance have identified
hybrid institutional complexes, which include global but also
private and sub-state institutions, among others.® Scholars have
recently expanded the reach of governance even further, high-
lighting the role of expert assessments, such as those produced
by national scientific academies as ‘de facto’ governance, which
steers behavior by identifying and defining the very objects in
need of governance.® All of these concepts have been extensively
deployed to understand governance of climate change.”™

On the ground, climate change governance includes a wide
variety of tools including legally binding national requirements
to report emissions or install best available technologies,
voluntary corporate pledges for climate neutrality, international
agreements that encourage the transfer of climate friendly
technologies or the reduction of tariffs on climate friendly
goods and services, comprehensive assessments of relevant
scientific research, national-level emission reduction targets,
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tics at the University of
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Table 1 Types of governance
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Governance can be Example Or Example
Public Law and policy Private University guidelines for public engagement
Local City council permits Global United Nations resolutions;
IPCC scientific assessments
Mandatory Disclosure requirements; permitting; notifications Voluntary Best practices; codes of conduct
Enabling Public funding; engagement as a means Constraining Moratorium; ban

of building public trust

cross jurisdictional emissions trading schemes, public funding
calls for climate-related research, expert assessments from
scientific bodies, best practice guides for research, among many
other tools and approaches.

Scientific research is also the subject of governance across
fields. Research governance can be aimed at ensuring research
remains in the public interest (e.g. Mission Driven Research),
protecting human and environmental systems from negative
impacts of research (e.g. Institutional Review Boards), identi-
fying ethical standards (e.g. Helsinki Declaration) and best
practices for scientific inquiry,"* and setting standards for
scientific excellence in prioritizing public investment (e.g. the
UK's Research Excellence Framework).'#*®

Importantly, governance is not synonymous with regulation.
While governance tools can be used to regulate, constrain, or
limit behavior in a mandatory way, this is just one governance
approach. Governance can also be used to enable or push
forward research. Governance can enhance opportunities for
international collaboration by making research more trans-
parent, creating public funding streams, and enhance legiti-
macy of novel science and technology development by aligning
governance thereof more closely with societal values.'*™® Some
scholars have argued that expert assessments govern by insti-
tutionalizing and “normalizing” novel technologies.®

The remainder of this paper provides a chronological review
of the governance history of solar radiation management (SRM)
from 2006 to 2024. SRM refers to a set of highly controversial
speculative technologies that appear capable of reducing climate
impacts by reflecting sunlight away from the planet, thereby
intentionally altering the Earth's radiative balance." SRM is not
a substitute for mitigation, adaptation, and CO, removal as it
does not alter concentrations of atmospheric greenhouse gasses,
however it appears capable of reducing climate risks in ways
these other responses alone cannot." Attention towards SRM has
ramped up in the past couple of years as indicated by an explo-
sion of new philanthropic research funding and the release of
a plethora of high-level assessments commissioned by states and
international organizations. This attention is likely to continue to
increase in the context of a potential breakdown of international
cooperation on climate action as well as alarming observations of
global warming and its impacts, notably with global average
temperatures peaking in 2024 at +1.6 °C relative to the temper-
ature at the beginning of last century (the 1880-1920 average).*
Though SRM may eventually end up being a useful tool within
a broader climate response portfolio for achieving international
temperature targets, SRM also raises an array of environmental

658 | Environ. Sci.: Atmos., 2025, 5, 656-673

and social risks and challenges that necessitate effective and
inclusive governance of research and deployment, including in
the near-term.!

Often characterized as an ungoverned space, we argue that the
governance landscape for SRM is actually quite rich. We illumi-
nate the many governance initiatives and developments in this
area, explaining each development's significance and relevant
politics. We then identify gaps, limitations, and key contestations
within the broader historical trajectory of SRM governance,
including as related to justice. Justice provides an important tool
to evaluate historical developments in the governance trajectory
of SRM. Justice is concerned with the fair treatment of people and
other living things. It is also a broad and often contested concept
that addresses many different types of concerns, including how
decisions are made and how they impact different groups of
people.*® A key procedural principle of justice is that affected
populations are able to influence and participate in decision-
making on matters that affect them, particularly when they are
impacted disproportionately.” The Global South, which is
broadly vulnerable to climate change, is therefore expected to
have the most at stake in decisions about whether and how SRM
is researched and deployed.”** Crucially, as the chronological
review below shows, historical developments have largely
occurred within a handful of countries in the Global North,
laying bare the need to strengthen ongoing efforts to capacitate
climate vulnerable countries in the Global South so they can also
shape the trajectory of SRM governance. We conclude by offering
suggestions for future governance development.

Decades of SRM governance (2006-
2024)

Here we provide a chronological overview of the history of SRM
governance by focusing on key developments and milestones
from 2006 to 2024 (Table 2). Our aim here is not to be exhaustive
of all developments but rather to highlight those developments,
activities, and events that have - or are likely to - significantly
shape or contribute to how SRM is researched, discussed, and
governed. The overview is intended to be useful primarily to an
audience of natural scientists that may be less familiar with SRM
governance. In line with our broad understanding of governance
discussed previously, we include here academic and NGO
proposals and recommendations for SRM governance. Impor-
tantly, these governance proposals are considered sources of
research governance in their own right, because they “seek to
identify and articulate norms to influence how SRM R&D is

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Table 2 Timeline of key developments in SRM governance
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Date Key development Type

2006 Paul Crutzen's Climatic Change editorial Academic paper

2009 UK Royal Society's landmark report Expert assessment

2009 Oxford Principles Governance principles

2010 Asilomar International Conference and report Governance principles

2010 Convention on Biological Diversity decision International decision

2010 SPICE project funded Research experiment

2010 SRMGI is established NGO activity

2010 GeoMIP is established, standardizes simulations Research community

2015 First NASEM report on geoengineering Expert assessment

2017 Code of conduct for responsible research Code of conduct

2018 FCEA ad hoc report on governance Expert governance proposal

2018 Tollgate Principles on ethics and justice Ethical principles

2018 SRMGI launches modelling research fund Research program

2019 First resolution at UN Environment Assembly International organization negotiation
2021 Second NASEM report on geoengineering Expert assessment

2022 SRM non-use agreement proposed Academic paper, open letter

2023 Make Sunsets and response from Mexico Commercial deployment stunt, state response
2023 African Ministerial Conference call for non-use Regional government resolution

2023 European Parliament resolution on SRM Supranational government resolution
2023 United Nations Environment Programme report Expert assessment

2023 White House Office of Science and Technology report Government assessment

2023 DSG is founded NGO activity

2024 Second resolution at UN Environment Assembly International organization negotiation
2024 SCoPEx cancelled, Advisory Committee report Research experiment

2024 Alameda marine cloud brightening experiment Research experiment

2024 Emergence of US bills banning SRM on state-level Subnational legislation

2024 AGU Ethical Framework for research Ethical framework

2024 Pazstor governance report for Stardust Solutions Commercial governance recommendations
2024 European Commission scientific and ethics reports Expert assessment

conducted” (emphasis original).?®* Measuring the influence of
these proposals is beyond the scope of this paper, however they
are included because they are frequently cited and discussed in
the SRM governance literature. We suggest that this indicates
their influence on expert discussion which may translate into
substantive contributions as more formal governance arrange-
ments develop. As previously discussed, expert assessments can
also order and shape SRM inquiry and discussion and therefore
we include high-level authoritative assessments and reports as
well.® We also discuss key developments in SRM research activity,
including how they contribute to or are subject to governance.
Interested readers can refer to more detailed reviews and anal-
yses of these developments for further information.>**
Although SRM has been discussed since at least the 1990s,*
many credit Paul Crutzen's 2006 editorial in Climatic Change for
initially catalyzing SRM in climate response discussions by chal-
lenging the taboo on SRM research.? In that paper Crutzen argued
that while it is not the preferred solution, research on the potential
benefits and risks of SRM should ramp up due to the “grossly
unsuccessful attempts” to lower greenhouse gas emissions (212).>
On the heels of Crutzen's proposal, in 2009 the United King-
dom’s Royal Society issued the first in a series of expert assess-
ments of SRM.* Centrally, the report laid out foundational ideas
that provided a framework for future governance discussions.
Namely that: (1) SRM should never be considered a substitute for
reducing emissions through mitigation; (2) deployment should
never proceed governance; (3) more research is needed before any

© 2025 The Author(s). Published by the Royal Society of Chemistry

decisions can be made; (4) social and political issues will be
equally important as technical ones; and (5) governance is
missing but crucial.*® The first idea — that SRM should not replace
mitigation - has been mirrored in virtually every governance or
scientific assessment or report that has followed. The norm
reflects a consensus on the need to avoid moral hazard (also
called mitigation deterrence), in which attention towards SRM
reduces efforts to mitigate climate change through reducing
emissions on individual or societal levels.*** Though some
dispute whether and how this would actually occur, moral hazard
was a primary reason for the longstanding taboo on SRM research
and continues to be a source of controversy.** The report was also
influential for highlighting the importance of the social and
specifically, governance dimensions of SRM, by emphasizing that
the acceptability of SRM “will be determined as much by social,
legal and political issues as by scientific and technical factors.”*

2010 was a momentous year in SRM history. The Royal Society
report directly set in motion several research and governance
activities that would influence the trajectory of the field for the
next decade and beyond. First, following publication of the Royal
Society report, the UK House of Commons Select Committee on
Science and Technology appointed a group of academics to
recommend how geoengineering should be governed. That
process yielded a list of five high-level principles for SRM
research governance, which have come to be known as the Oxford
Principles.®® The Oxford Principles have been incredibly

Environ. Sci.. Atmos., 2025, 5, 656-673 | 659
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impactful, being reiterated time and again in nearly all subse-
quent expert assessments on this topic. See Box 1 below.
Box 1 - Oxford Principles®

View Article Online
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governance discussions to this day. Second, the project intro-
duced SRM to wider public scrutiny and was the focus of intense
controversy, fueled in part by a campaign led by a network of

Participation is required in decision making

Research should be independently assessed

Solar geoengineering should be regulated as a public good
Research should be disclosed and open access

Robust governance structures should be in place before any deployment takes place

Second, following on the heels of the Royal Society report's
recommendation to fund an SRM research program, several of
the UK Research Councils hosted a ‘sandpit’ in 2010 to develop
novel research ideas related to geoengineering.>* One of two
research projects funded out of the sandpit was the Strato-
spheric Particle Injection for Climate Engineering SPICE
project, which broadly aimed to investigate potential strato-
spheric aerosol particles that could be used to reflect sunlight,
possible delivery mechanisms for those aerosols, and their
potential impacts.*® Significantly, part of the project included
an outdoor engineering field test of a scaled down balloon and
hose delivery system, which would have released a small
amount of water to test the dynamics and behavior of the
tethered balloon.*® A stage gate process was established to
govern the project, through which the research team would
need to progress through several ‘gates’ in order for the
Research Councils to release the funds for the outdoor
portion.** The ultimate decision to release the funds would be
made by the UK Research Councils, but on the advice of an
independent stage gate panel consisting of several academics
(natural and social sciences) and an NGO representative.** The
criteria for the stage gates were inspired by the framework for
responsible innovation that was at the time being developed by
several social scientists, and which remains in use within the
UK Research Councils to this day.***® Briefly, the responsible
innovation framework calls for research and innovation to be
anticipatory, reflexive, inclusively deliberative, and responsive to
the prior activities, ultimately aiming to ensure that research
and innovation are responsive to society.*® As informed by this
framework, the SPICE research team was required to fulfill five
criteria in order to proceed, related to: safety, risk management,
and regulatory compliance (criteria 1 and 2), clear public
communication of the project (criteria 3), anticipation of
potential future applications and impacts (criteria 4), and
engagement with publics and other interested groups (criteria
5).2* The SPICE project PI eventually cancelled the field test. The
reasons for the cancellation are complex and still debated, but
include in part concerns surrounding a patent that included
a member of the research team, as well as broader issues of
governance and public engagement.’” The SPICE project was
significant within the wider trajectory of SRM governance for
several reasons. First, it was the first proposed outdoor SRM
related experiment that was subject to a deliberate governance
effort, and which was informed by ideas surrounding respon-
sible innovation that continue to be influential in SRM

660 | Environ. Sci: Atmos., 2025, 5, 656-673

NGOs opposed to research and consideration of SRM, organized
as a loose coalition under the Hands Off Mother Earth (HOME)
Alliance, and which continues to be active.

The third significant development that occurred in the wake
of the Royal Society report was the establishment of the Solar
Radiation Management Governance Initiative (SRMGI), which
has spearheaded capacity building and engagement
surrounding SRM in the Global South. SRMGI was established
in 2010 as a partnership between the Royal Society, the Envi-
ronmental Defense Fund (EDF, a US-based NGO), and The
World Academy of Sciences (TWAS, an Italy-based international
organization acting as the academy of sciences for the devel-
oping world). The self-described governance initiative aimed
early on to “foster an interdisciplinary and international
discussion to develop ideas on how SRM research could
appropriately be governed...” which was done “by assembling
aworking group and a range of international partner NGOs, and
by producing background papers on SRM research governance,
hosting an international conference, and by publishing [a]
report of the process” which was hoped to inform SRM policy-
making.*® The international conference, hosted in 2011 in the
United Kingdom, informed SRMGI's governance report, pub-
lished in 2011. The report proposed a set of categories for
different types of SRM research and discussed governance
considerations for each category of research, emphasizing that
‘differentiated governance arrangements’ for different types of
research would be more effective than a ‘one-size-fits-all’
approach to governance.*® After releasing the report, SRMGI
shifted focus to the Global South and began to host outreach
workshops with local partner organizations “to start well-
informed conversations about SRM in the local climate
community and to get participant ideas on any next steps in
their countries or regions.” SRMGI is responsible for co-
organizing the first major events on SRM in the Global South,
and has run close to 30 such workshops which have included
over a thousand climate experts to date.*>*' These efforts have
made important contributions to expanding the conversation
on SRM in the Global South.

Building on the model of the famous 1975 bioethics/biotech
discussions at the same California location, the Asilomar Inter-
national Conference on Climate Intervention Technologies was
held in March 2010. That conference yielded a report entitled
“Recommendations on Principles for Research into Climate
Engineering Techniques.”® Mirroring and extending beyond
some of the ideas laid out in the Royal Society report and the

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Oxford Principles, the Asilomar report called for (1) promoting
the collective benefit of humankind; (2) developing new mech-
anisms for the governance and oversight of large-scale climate
engineering research activities; (3) research to be conducted
openly and cooperatively, with broad international support; (4)
iterative, independent technical assessments of research prog-
ress to inform the public and policymakers; and (5) public
participation and consultation in research planning and over-
sight, assessments, and development of decision-making
mechanisms and processes.*” The report signals scientists'
early awareness of the potentially controversial implications of
SRM research and the need for researchers to carry out research
responsibly.

Later that same year, the international policy community took
up geoengineering, with a decision from the Conference of the
Parties to the Convention on Biological Diversity (CBD). Often
inaccurately referred to as a “ban” or a “moratorium”, the decision
“Invites parties...in the absence of science based, global, trans-
parent and effective control and regulatory mechanisms for geo-
engineering... that no climate-related geo-engineering activities
that may affect biodiversity take place...”** while important in
articulating caution, the decision is not actually a ban because it is
voluntary or non-binding, in that parties are “invited” not required
to do this. Had this been intended as mandatory, the language
would have said parties “shall” do this. This is a huge difference in
terms of legal obligation and enforceability, which is often mis-
characterized in SRM debates. The CBD decision was also limited
in that it doesn't cover small scale outdoor experiments that would
not affect biodiversity. It is also important to note that the US was
not (and still is not) a party to the CBD, despite being a locus of
geoengineering science. The decision was therefore highly cir-
cumscribed in terms of both scope and applicability.

Also significant for understanding the history of SRM
governance is the initiation of the Geoengineering Model
Intercomparison Project (GeoMIP) in 2010, which currently
coordinates SRM modelling experiments among almost two
dozen modelling groups in North America, Europe, Asia, and
Australia. The community project is relevant to governance as
the community hopes “to gather model consensus as to the
likely climate effects of geoengineering in order to better inform
the scientific community, policy makers, and the public.”**
GeoMIP does not aim to govern SRM research nor to prescribe
specific policies.** However by coordinating SRM modelling
experiments for the ultimate purpose of better informing SRM
policy, governance experts have deemed that its activities are
“likely to prove essential to future climate policy making and
global governance.”*® GeoMIP is further noteworthy in
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demonstrating the self-prescribed role of many SRM experts in
informing policy and catalyzing discussion on SRM, which
suggests that scientists are not passive subjects of SRM gover-
nance, but are rather agents that purposefully inform or shape
governance.

SRM governance was then relatively quiet until 2015, when
the United States National Academies of Science, Engineering
and Medicine (NASEM) released its first report on SRM, entitled
“Climate Intervention: Reflecting Sunlight to Cool the Earth.”*®
That report again underscored the Royal Society's recommen-
dation from 2009, that mitigation must come first and impor-
tantly underscored that any research program on this topic
must also include examination of human dimensions. It also
recommended a deliberative process to examine governance of
SRM research.

The NASEM report catalyzed a series of interventions that
took up the recommendations to look at both social dimensions
of SRM and research governance. In 2017 (updated in 2021),
Ann Maria Hubert released a Code of Conduct for Responsible
Geoengineering Research.*** The code promoted near-term
governance and aimed to guide decision making on topics,
including: mitigation deterrence/moral hazard, cooperation,
assessment, public participation, monitoring, and access to
information, among others.* Being developed in tandem over
three years and released in 2018, was the Forum for Climate
Engineering Assessment's (FCEA) ad hoc expert group report on
SRM, entitled “Governing Solar Radiation Management”
(SRM).* FCEA's report again amplified key elements of prior
governance reports and extended them in some important ways
as well. FCEA recommended four objectives (Box 2) for SRM
research governance, and 12 recommendations. Three recom-
mendations are particularly important. First, FCEA underscored
that the time of self-appointed expert reports (including their
own) was over and that the field demanded the creation of
public deliberative bodies to consider these highly controversial
technologies. Second, drawing on learnings from the academic
literature in global environmental politics, they emphasized
that a new international institution was not necessarily needed
nor possible. Rather they called on states to leverage capacities
in international institutions to govern SRM. Third, while not the
first to do so, it is worth noting that FCEA further underscored
the importance of making research transparent and account-
able. Importantly, although the experts disagreed on the
desirability of SRM, the report represents a consensus state-
ment on the need to govern research.

Box 2 - Forum for Climate Engineering Assessment's objec-
tives for SRM Research®

Objectives

HON =

Keeping Mitigation and Adaptation First

Thoroughly and Transparently evaluating risks, burdens, and benefits
Enable responsible knowledge creation

Ensure robust governance before and consideration of deployment
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Also in 2018 ethicists Gardiner and Fragniéere released the
Tollgate Principles, which extended beyond prior frameworks in
explicitly and more robustly centering ethics and justice.*®
Importantly, the authors noted that “...the original Oxford
Principles... do not sufficiently lay the groundwork for the more
substantive ethical debate that is needed, especially around
values such as justice, respect and legitimacy” (143).>° The
Tollgate Principles called for organizing geoengineering poli-
cies such that they facilitate trust and accountability across
nations, that decisions only be made after notification and
consultation with those impacted, that for SRM to be policy-
relevant, ethically defensible forms of it must be technically
feasible on the relevant timeframe, that governance is ethically
necessary, that geoengineering policies focus on protecting
basic ethical interests and concerns (e.g. human rights), and
that geoengineering policy should respect general ethical
norms that are well-founded and salient to global environ-
mental policy (e.g. justice, autonomy, beneficence).*

2018 is also noteworthy for the launching of SRMGI's
DECIMALS Fund (Developing Country Impacts Modelling
Analysis for SRM), now called the Degrees Modelling Fund
(DMF) following SRMGI's transformation to the Degrees
(DEveloping country Governance REsearch and Evaluation for
SRM) Initiative in 2022. The Degrees Initiative also launched
a Socio-Political Fund (SPF) for social science research in 2024.
Both the DMF and SPF are the first research funds focused on
funding SRM research in the Global South and they are “now
the largest SRM research programme in the world and have
supported over 170 researchers working across 37 projects in 22
developing countries.”®* Importantly, although the Degrees
Initiative does fund research, it retains a governance focus, as
indicated by its mission to change “the global environment in
which SRM is evaluated, ensuring informed and confident
representation from developing countries.””* Its efforts to build
SRM expertise in the Global South could in the future signifi-
cantly influence international negotiations surrounding SRM,
including as it extends its activities “to connect researchers with
policymakers by supporting them to give briefings, contribute
to reports and attend international discussions.”*® Scientific
capacity and other SRM expertise is also a vital capacity needed
to govern SRM.** As such, and as we discuss below, the Degrees
Initiative's interventions have made important contributions to
enabling greater agency and influence in the Global South to
shape SRM discussion, research, and ultimately governance.

In 2019, the international policy community again took up
the issue, this time within the United Nations Environment
Assembly (UNEA). At that meeting parties considered a resolu-
tion on geoengineering that was put forward by Switzerland
with support from Burkina Faso, Micronesia, Georgie, Liech-
tenstein, Mali, Mexico, Montenegro, Niger, Republic of Korea,
and Senegal. The resolution was quite modest in scope,
requesting that parties prepare an assessment of the status of
geoengineering technologies to: define technologies, assess the
current state of science, identify relevant actors and activities,
assess knowledge of risks, benefits, and uncertainties, assess
the state of governance and potential governance frameworks.*
The proposed resolution did not pass. Rather, it was ultimately
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withdrawn from the floor before being voted on due to differing
understandings of the governance landscape, the precautionary
principle, and the lack of technical understanding across
parties.>

The next important milestone in SRM governance was the
release of the second NASEM report on the topic in 2021. This
second report entitled, Reflecting Sunlight: Recommendations for
Solar Geoengineering Research and Research Governance, outlined
a robust research agenda, across the social and physical
sciences, including a recommendation for US$100-200 million
in research funding with 20% of that going to the social
dimensions.*® Particularly important for governance of SRM,
the report recommends additional work on public perceptions
and engagement, exploring the implications of SRM for inter-
national relations, developing effective and adaptive gover-
nance processes and institutions for SRM governance,
international cooperation on capacity building efforts, and
incorporating ethics and justice consideration for current and
future generations of SRM research and research governance.

SRM governance took an important turn in 2022 when
a group of largely European scholars published an open letter
and associated article promising a “non-use agreement”.”” The
non-use agreement called for 5 things: no public funding;} no
outdoor experiments; no patents; no deployment; and no
institutionalization of SRM as a policy option, including in
assessment by the Intergovernmental Panel on Climate Change
(IPCC) (5).*” The open letter has been signed by more than 500
people around the world and has catalyzed several responses in
the form of competing open letters supporting research,**** and
academic responses.®*®* The latter have pushed back especially
on the demand to restrict international assessment, which
would significantly limit capacity for informed governance on
this set of highly controversial and potentially dangerous tech-
nologies. There have also been several statements of support for
the non-use agreement in important political arenas. For
example, the African Ministerial Conference on the Environ-
ment called for a non-use agreement in August 2023 (Decision
19/5), and it was also mentioned in a European Parliament
Resolution in November 2023.%>

In January of 2023, in response to a Silicon Valley-based
startup called Make Sunsets deploying small scale SRM activi-
ties in their borders, Mexico issued a public statement prohib-
iting “any large-scale practice with solar geoengineering,” citing

} There is some ambiguity in the call for no public funding. The graphical abstract
of the non-use agreement article published in WIREs Climate Change says only
“no public funding”. In the text of the article, it appears the authors specify no
public funding for development of the technology, calling on potential
signatory countries to “prohibit their national funding agencies from
supporting the development of technologies...”. However, the lead author
stated on his personal blog that the call is for no public funding for research
(and presumably development too): “One argument is clear: the Open Letter
calls upon governments to reserve all public research funding for
decarbonization. Not for pipedreams of planetary geoengineering. Public
research funding is taxpayers’ money, and such budgetary decisions have
nothing to do with “academic freedom”. Societies must decide which type of
research they want to pay for. We argue: public funds for mitigation research.”
See https://www.frankbiermann.org/post/solar-geoengineering-no-publicly-

funded-research-without-a-plan-for-global-governance accessed March 27, 2025.
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among others a lack of consultation.* Interestingly, early
academic work in Mexico finds that the Mexican public is
generally more open to the possibility of SRM than publics in
the United States and United Kingdom.®**® 2023 continued to
be a active year for SRM governance with the release of a new
expert report from the United Nations Environment Program
(UNEP), entitled “One Atmosphere: An Independent Expert
Review on Solar Radiation Modification and Research,”®” as well
as a report from the US White House®® and a call for proposals
from the US National Science Foundation.®® On the former,
UNEP called for a globally inclusive scientific assessment
process, a multilateral governance framework, and enabling of
more equitable participation, especially in developing coun-
tries.®” The June 2023 US White House Office of Science and
Technology's (OSTP) report was issued in response to a mandate
from the US Congress and called for examination of societal and
well as scientific dimensions and underscored the importance
of international partners in research.®® This was followed a few
months later in September by a “Dear Colleague Letter” from
the US National Science Foundation, soliciting SRM proposals
that integrate physical and social sciences, to engage with
ethical frameworks, governance structures, and/or environ-
mental justice.®®

2023 also saw the founding of another NGO likely to be
influential in shaping the next chapter of SRM governance. The
United States-based The Alliance for Just Deliberation on Solar
Geoengineering (DSG) is “working towards the globally partic-
ipatory and inclusive governance systems necessary for any
[SRM] research and potential deployment.””°§ Through a range
of activities conducted collaboratively with partners in the
Global South, the NGO aims to build governance capacity® for
civil society and policymakers primarily in the Global South,
foster regional collaboration, and enable informed and mean-
ingful engagement in international discussion and decision-
making. Some of the activities DSG co-hosted in their first full
year of operation include a UNEA simulation exercise at Air
University in Pakistan, capacity building workshops with youth
organizations in Kenya, and an SRM scenario development
workshop in India with an Indian research institute and a US-
based scientist.”* With a focus on policy and governance, the
NGO aims “to provide science-based, impartial input into how
to shape governance processes in the public sector and exter-
nally”, by providing “a pathway for civil society organizations to
provide input governance processes.””* In 2024 DSG staff also
engaged in international governance discussions on SRM,
including through attendance at UNEA-6 and at Conferences of
the Parties to the Convention on Biological Diversity (CBD) and
the United Nations Framework Convention on Climate Change
(UNFCCC).™

SRM came up again at UNEA in 2024, where another nearly
identical resolution was proposed this time by Guinea, Senegal,
Monaco, Switzerland, Georgia and Israel. There is no publicly
available summary of the negotiations and reports from
observer participants diverge in some ways. However the text of

§ Note both authors have affiliations with DSG. Jinnah is a research partner and
Dove is a research fellow.
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the proposal faced very strong disagreement,”>”* especially from
African countries, with Djibouti, on behalf of the African Group
stating:

“SRM... poses severe and maybe even existential risks to
Africa and to the world... The African Group also believes that
SRM deflects responsibility for the fight against climate change
from the humans who are responsible ... SRM is likely to be
considered as a silver bullet and will weaken our collective
resolve to fight climate change. Additionally, there are so many
uncertainties about SRM, including the impacts and risks of the
use of the technology. Therefore, in accordance with the
precautionary principle and in the absence of evidence of its
safety and a full global consensus on its acceptability, the
African Group continues to hold serious concerns about SRM.
[We propose that] UNEP compile the views of the member states
on this matter”.”

Interestingly, despite this resistance to SRM, the Africa
Group also proposed “a scientific consultative group on SRM
with balanced regional representation” and supported UNEP
leading international governance efforts on SRM.”* The original
Swiss proposal was eventually pared down to a new proposal,
submitted by the Africa Group, for the Executive Director of
UNEP to prepare a report outlining options for the creation of
a publicly accessible repository of existing information,
research, and activity on SRM, plus relevant submissions from
states and interested groups.”’* Nevertheless, even this modest
request was not accepted and the proposal was again withdrawn
from the floor before a vote, with extensive debate on which
institutions should be involved, if benefits should be researched
alongside risks and uncertainties, if social science research
should be included alongside scientific research, and if activi-
ties should go beyond compilation and access to information.

It should be noted that the non-use agreement was also
referenced at this meeting, enjoying support from African
countries, Brazil, Pakistan, and Fiji, and with opposition from
the US.”>”* Mexico, supported by Colombia, further “Deplor{ed]
in the strongest possible terms, geoengineering experiments
that have taken place without the authorization and consent of
states, Indigenous People, or local communities.””® This shift in
language is interesting in that it suggests that Mexico's oppo-
sition is conditional on consent not absolute.

Another important governance effort has surrounded what
would have been the first outdoor stratospheric aerosol injec-
tion experiment led by a team of scientists at Harvard Univer-
sity. The proposed experiment, called the Stratospheric
Controlled Outdoor Perturbation Experiment (SCoPEx) was
designed to measure the stratospheric behavior of aerosols in
plumes to advance scientific knowledge relevant to SRM. In
2019, Harvard established an independent advisory committee
to advise the university on if and under what conditions the
experiment could proceed. SCoPEx was cancelled in March 2024
citing issues related to public engagement and several technical
issues. However, the Advisory Committee did produce
a comprehensive framework for governing individual experi-
ments, outlining how to address issues related to five key areas:
engineering and safety, scientific merit, financial transparency,
legal compliance, and societal engagement,” while also noting
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