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Executive summary

Stratospheric aerosol injection (SAl)is a form of solar radiation modification (SRM) that would
reflect a portion of sunlight backinto space toreduce global temperatures. It is not a solution
to climate change. It would not reduce atmospheric carbon concentrations, orreverse ocean
acidification, but it could lower global temperatures within months while mitigation and carbon
removal take effect overdecades. Its consequences would be global, imperfect, and unevenly
distributed. Decisions about SAlresearch, deployment, and governance are contested.

Existing analysis of SAl has been scientifically sophisticated but politically simplistic. Real-world
decisions will be taken under social, economic, and geopolitical conditions that formal climate
models do notrepresent. Thisreport changes that: it offers four 2036 scenarios outlining the
plausible conditions under which SAl decisions may need to be taken, along with a facilitation tool
that policymakers can use to test how governance arrangements might hold up, or fail, under each.

1. Values-based prohibition 2. Silver bullet

A Global Solar Geoengineering Restraint A private large-scale outdoor test is
Agreement is adopted at UNEA but stalls days from launch, backed by powerful states.
at ratification. SAl has beenrebranded as cheap economic

relief, protecting against climate-driven
migration and insurance failure. Mitigation
continues with weakened political backing.

African, Latin American and Pacific leadership
builds a precautionary majority; states with
SAl programmes refuse to be bound.

Central tension:

can public institutions put guardrailson a
privately-led cooling agenda once it takes
alife of its own - and can cooling coexist
with mitigation?

Central tension:

does a normative position without
infrastructure deter deployment, ordoesiit
concede capability, and choice, to others?

3. Hard landing 4. Armsrace

An Arctic research alliance built on radical Arivalis accused of preparing for SAI
transparency, Indigenous inclusion and deployment. Contested evidence drives
regional self-defence loses legitimacy after escalation toward great-power competition.

adrone lands outside its test zone. Flight
datais selectively quoted online as evidence
of covert activity. Neighbouring states move
towardresearchbans.

Research programmes are classified; middle
powers debate developing atmospheric
capabilities to balance against escalation.

Central tension:

once SAlis framed as weather
sovereignty, will climate considerations
still hold influence?

Central tension:

can good-faith transparency sustain
legitimacy in an information environment
shaped by hostile actors?
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Scenario development

The scenarios were developed through a dual-track foresight process involving over 250
policymakers, scientists, civil society representatives and citizens across multiple regions globally,
alongside a structured assessment by twenty-two experts. They assume a 2036 reached onan
emissions trajectory not far off the current one, leaving SAl a live policy

questionrather than a technology choice overtaken by rapid decarbonisation.

Six observations across the four scenarios

Read together, the scenarios generate observations that hold across all four:

e Politics, not climate science, may drive SAl decisions. Values coalitions, cost-of-living
politics, self-defence orrivalry shape outcomes more than scientific ideal-cases.

¢ Owningresearch capacity is itself a governance choice. States thatlack technical
expertise may be negotiating from a weaker position, whether theirintentis to deteror
enable deployment.

e Public deliberation capacities are key. Trust is earned slowly and lost quickly. Early
engagement and transparency support a factual information ecosystem; late engagement
leaves the field for others.

¢ Independent monitoring and attribution is position-neutral infrastructure. The capacity
to know who is doing what in the atmosphere is useful regardless of what position countries
take on SAlitself.

o The climate and security policy communities are having different conversations
about SAl, and neither is hearing the other. If those who hold moral hazard, equity, and
intergenerational concerns do not engage in defence and commercial spaces, the framings
that will prevail will be brought by the actors that are in the room.

e Defensible SAl deployment presupposes accelerated mitigationand a
credible off-ramp. The expert analysis found that defensible SAl deployment scenarios
were consistently paired with accelerated mitigation efforts; deployment without such
accelerationwas not judgedto be plausible.

How to use thereport

The scenarios are the first half of a tool designed for structured policy planning. The second half
is a facilitation guide offering three techniques for using the scenarios in workshop settings:

the futures wheel (exploratory), robustness testing (evaluative), and backcasting (temporal).
Each supports different workshop purposes, and together they help policymakers test how
governance arrangements might hold up, or fail, under arange of plausible scenarios.
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1. Introduction

Stratospheric aerosol injection (SAl) is a contested proposal that has beenresearched as a
climate intervention to counter anthropogenic warming. Itinvolves injecting stratospheric
aerosolstoreflect a portion of sunlight back into space, cooling the planet.'Research, technology
development, and use are different acts, and thisreport treats them as such. SAlisnot a

solution to climate change. It does not directly reduce atmospheric carbon concentrations,
norreverse ocean acidification. What it could dois reduce global warming while mitigation and
carbon dioxide removal efforts take effect. The consequences of SAl cannot be localised, so
decisions about SAl governance, research or deployment are global in effect and thus inherently
controversial.

This work presents diverse, plausible 2036 scenarios to aid policymakers’ preparedness for
possible future decisions on SAI. The scenarios were co-created with policymakers to support
anticipatory planning of robust, ethical, and proactive responses to various future SAlresearch and
deployment challenges. The scenarios are diverse and plausible to aid consideration of abroad
range of possible futures. Each outlines a situationin which a policymakeris required to consider
SAl's efficacy, legitimacy, and desirability, and its economic and geopolitical implications.

The scenarios were co-created with a dual-track methodological foresight approach
involving over 250 policymakers, scientists, civil society representatives and interested
citizens. Morphological scenario generation was carried out iteratively by drawing upon over

100 interviews with people from diverse fields and expertise, and from workshops attended by
afurther130 participants. In a simultaneous, separate methodological track 22 experts from
diverse fields progressed through a structured, software-supported approach to identify key
influence factors, analyse theirinterdependencies and create mathematically plausible models of
the future. Full details of the methodological approaches are provided elsewhere.?

These scenarios are diverse and plausible 2036 snapshots. They can help policymakers
stress-test the social and geopolitical implications of SAl through proactive planning.

The scenarios are:

¢ Avalues-based prohibition:
A global agreement on solar geoengineering meets the limits of universal consent.

e Silver bullet:
SAlrebranded as an economic driver and a protector of border integrity.

¢ Hard landing:
Radical transparency meets a contested information environment.

e Armsrace:
Geopolitical rivalry turns atmospheric interventioninto a national security posture.

C-F-g climate interventions SAl governance scenarios | 8



Report context and scope

SAl may currently be transitioning from a fringe idea to a focal point of global climate and
security policy. SAlis one of several proposed approaches to solarradiation modification
(SRM), the broader category that also includes marine cloud brightening, cirrus cloud thinning,
space-basedreflectors, and surface albedo enhancement. Of these, SAlis the most studied
and the most widely considered plausible at scale, and it is the focus of this report. For nearly
three decades SAl has occupied a contested and marginal space in climate policy. This may
be changing, driven by accelerating climate impacts, the erosion of confidence in some
communities in mitigation policy and the entry of commercial and security actors into a field
previously dominated by scientists.

The following analysis, and the scenarios it inspires, rest on a single underlying
assumption about the climate trajectory. Each of the four scenariosin this reportimagines
a2036inwhich the emissions curve s either still rising or falling marginally, leaving SAl as a
policy-relevant issue for controlling future warming and addressing historical warming. That
assumptionis consistent with current trajectories butitis not the only possibility. If the political
economy or technological trajectory of climate action were to shiftin a meaningful way, SAI
could fade from policy relevance entirely. This report was designed to explore scenarios in
which policymakers may need to make decisions about SAl, so futures in which such decisions
never become necessary are not considered here. The four scenarios that follow imagine
futuresin 2036 in which unforeseen technological or policy leaps to rapidly address climate
change have not come to pass.
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2. The landscape shaping
SAI governance

=

Private-sector
interest takingon a
life of its own

Scenario
landscape

AN

)

Governance
patchwork not
designed for
purpose

This section maps the forces shaping SAl governance discussions; it is not directionally
predictive. The four scenarios reflect plausible ways those forces - constraining and enabling,
convergent and contradictory - could interact. None is inevitable, but eachis designed to be

instructive for policy planning.

Four areas of uncertainty that may influence SAl development are examined:

the commercial dynamics of SAI, the governance and geopolitical landscape, the climate policy
context, and the information environment shaping public understanding and political legitimacy.
Each subsection sets out current dynamics, the directions they might take, and the uncertainties

that may shape which direction prevails.

c.f.g | climate interventions
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2.1 Commercial and private sectorinterest

Private actors are entering the SRM market faster than governance frameworks can adjust,
and SAl is where most of the capital is concentrated. Commercial investmentin SRM has
grown rapidly from effectively zero in 20233 to over US$115 million committed across nine
startupsin 2025.4 The largest capital investment has been to the US-Israeli SAl startup
Stardust, attracting $75 million in venture capital since establishment in 2023. Despite being
many orders of magnitude less than investmentin technologies such as Al, the technological
readiness of SAlis much lower and so comparatively modest investments may significantly
accelerate development.

Two distinct commercial models are emerging, reflecting different assumptions about
how SAl could be financed and under what conditions. Stardust assumes a government
contractor model of commercialisation. It is developing proprietary technologies (with
associatedintellectual property), lobbying Washington to shape a regulatory environment
relevant toits operations, and aiming to be deployment-ready by 2030 at a proposed
cost of more than a billion dollars a year to government clients. The company states it

will not act without government authorisation, soits investors are explicitly betting that
governments will eventually need the technology as temperatures rise and political action
to cut emissions remains ineffective. In contrast, the retail model of US startup Make
Sunsets has attracted over $1millionin venture capital. The firm releases sulphur dioxide
balloons, direct-selling cooling credits to retail buyers outside any recognised regulatory
framework.® While Make Sunsets relies on direct radiative effects from SAl, an alternative
commercialisation model involves deploying SAl forits carbon cycle impacts® and selling
carbon credits on established carbon trading markets. Presently, there is no standards
ecosystem for such credits.”

Accelerating commercial interest in SAlis moving the governance challenge beyond

the environmental fora that have typically considered it. SAl companies (if selling to
government clients) commercialise the prediction that the physical impacts of climate
change (see Box 1) willintensify to a point where demand for atmospheric cooling becomes
politically unavoidable. Theiremerging infrastructure sitsin aregulatory space that
environmental governance was not designed to reach. If SAl begins to be seen as a prestige
technology or atool of geopolitical leverage, then considering SAl as a climate intervention
no longer captures the fullgovernance challenge.
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Box1 | The consequences of continued global warming are severe.

Increased heat-
related fatalities.

Decreased yields
of staple crops

(e.g., maize and wheat), particularly
inlow-latitude regions.?

Increased water scarcity.

Loss of water availability
due to glacial loss."”

Changes in ocean
circulation.

Sea level rise, flooding
and inundation.”

Economic costs of
weather-related damages
and macroeconomic
disruption.

Heat-related mortality around the world has risen 63% since the
1990s and reached 546,000 deaths annually on average (2012-21).
In 2024, the average person was exposed to 16 days of dangerous
heat that would not have occurred without climate change.8

Inthe absence of effective adaptation, global crop yields could
decline by up to 30% by mid-century!0 and 3°C of warming above
pre-industrial levels could cause 20-48% of current crop production
to shift outside its climatic nichel. Falling crop yields could push an
estimated 43 million people in Africa alone into poverty by 2030.12

Up to 50% of the global populationis already experiencing water
scarcity!3 and this figure is projected to increase because of climate
warming.4 Populations facing water stress have more than doubled
between 1980 and 2010 and this figure is expected to increase by
between 50% to 100% by 2100.15 By 2050 approximately 60% of
the world's populationis projected to face water stress for at least
one month peryearby 2050.16

Globally over 30% of glacier mass has beenlost since 1970, and many
mountain ranges will lose glaciers completely within the coming
decades.18 Himalayan glaciers are disappearing 65% faster since 2010.
19 Scientists project these glaciers couldlose up to 75% of their volume
by 2100, affecting water availability for up to 2 billion people. 20

The Atlantic Meridional Overturning Circulation (AMOC) may already
be slowing, 2223 and is considered at moderate risk of collapse evenin
low-emission scenarios.?* Such an event could shift tropical rainfall
patterns, reduce European winter temperatures by up to 20°C, and
raise sea levels by an additional 50cm. Iceland recently designated
AMOC collapse as a national security and existential risk and initiated
coordinated government planning.?® A scientific assessment on
AMOC stability is being undertaken at the EU level;2¢ Norway, Ireland
and the UK have allincreased AMOC research investment; ?’and an
international AMOC preparedness taskforce is being established.?®

Pacific island nations including Tuvalu and Kiribati face at least
15cm of sealevelrise in the next 30 years regardless of emissions
trajectories.2? The Western Pacific could become the first region to
experience the complete loss of a sovereign state due to climate
change, with sealevelrise projected to cost the Marshall Islands its
status as a nation.30

Damages from extreme weather events from 2000 to 2019 were
estimated to average US$143 billion per year.3! Projections of
economic losses due to future warming vary widely depending on
assumptions about the level of adaptation and the steepness of the
climate damage curve, with one study estimating that global gross
domestic product could contract by between 9 and 36% by 2100.32

c.f.g | climate interventions
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2.2 The governance and geopolitical landscape

A patchwork of legal regimes is relevant to SAIl, but none were designed for deliberate
planetary-scale climate intervention. Customary laws relevant to SAlinclude the obligation
of states to preventlocal activities from causing significant transboundary harm.3? Relevant
treatiesinclude the Convention on Biological Diversity,** London Convention® and its
Protocol (LC/LP),* the Convention on the Prohibition of Military or Any Other Hostile Use

of Environmental Modification Techniques (ENMOD),* the Convention on Long-Range
Transboundary Air Pollution,*® the UN Convention on the Law of the Sea (UNCLOS),*’ the
Vienna Convention for the Protection of the Ozone Layer,*° and the Montreal Protocol.*
Because SAlwas not takeninto consideration when these regimes were designed, they
produce uneven applicability. Further, there is scope for selective interpretation, regulatory
arbitrage, and the deliberate positioning of activities to fall within or outside specific
regimes.“2

The Convention on Biological Diversity and London Protocol are the most relevant
instruments to SAI. The Convention on Biological Diversity’s non-binding Decision X/33
recommends a precautionary approach to geoengineering activities that may affect
biodiversity, permitting small-scale scientific research conducted in controlled settings,

and encouraging transdisciplinary research to address key uncertainties. Subsequent CBD
decisions have sustained a political expectation of restraint without offering a treaty-level
prohibition. The USis not a party to. Similarly,an amendment to the London Protocol covering
marine geoengineering signals regulatory intent but has not entered into force given the lack
of sufficient ratifications by the parties.

The primary gap in SAl research governance is not a lack of principles but their
operationalisation and international coordination. Major scientific and policy reviews -

by the Royal Society, the US National Academies, UNEP, and the European Commission’s
Scientific Advice Mechanism - converge on the features of responsible SAl governance:
transparent disclosure and registries, independent impact assessment, monitoring and
reporting, meaningful public and stakeholder participation, internationalinformation

sharing, and adaptive periodic review as knowledge evolves. The Oxford Principles, Asilomar
recommendations, a Code of Conduct for Responsible Geoengineering Research, and the
American Geophysical Union’s Ethical Framework point in similar directions. What is missing is
translation into domestic regulatory systems and the mechanisms of internal coordination.*3

The distinctions between research and deployment set outin Box 2 are widely recognised
as essential to governance, but remain under-specified in practice. Thereis no shared
international taxonomy that formally distinguishes research activity from deployment-adjacent
activity, or scientific research from technology development, and no international body
currently has authority to enforce such distinctions. Research suggests that establishing this
distinctionin practice will be contested,* creating a grey zone that complicates oversight and
amplifies controversy. This matters more as commercial and security-linked actors enter the
field; pre-deployment signalling and notification norms apply even more loosely to private
actorsthanto states.
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BOX2 | Distinguishing SAI activity types

Discussions of SAl governance benefit from distinguishing three broad activity types.
These distinctions are not formally recognised in international law, and their boundaries are
contested in practice, but they are analytically useful for policymakers considering what
different kinds of activity require by way of governance.

e Research activity.
Research activities are designed for producing knowledge: reducing uncertainties
and studyingrisks of SAl; they caninvolve laboratory work, atmospheric modelling,
social, ethical, and legal scholarship, and small, brief outdoor process studies that test
instruments or measure atmospheric properties. The primary purpose is to generate
evidence about SAl’srisks, uncertainties, and possible consequences. The activity is
designed to produce no detectable climate effect.

e Deployment-adjacent activity.
Outdoor activity conducted at a size and duration sufficient to produce a detectable
radiative orregional climate effect. The purpose is to demonstrate operational feasibility,
test deployment readiness, or produce regional or even global cooling. This category sits
closest to deploymentitself and raises the strongest governance questions, particularly
where transboundary effects are possible.

e Technology development.
Activity aimed primarily at building hardware, delivery systems, intellectual property,
or deployment-ready programmes rather than at generating knowledge about risks
oruncertainties. Such activity, even where it does not itself produce climate effects,
is oriented toward capability rather than understanding, and sits outside of scientific
research. Examplesin the current commercial marketinclude much of Stardust’s
engineering work and Make Sunsets’ balloonreleases.

The scenariosin this report engage with these categories differently. The values-based prohibition
and arms race scenarios turn largely on technology development and deployment-adjacent
activity by state and commercial actors. The silver bullet scenario shows how commercial
technology development can proceed at speed while formal deployment authorisationis still
being negotiated. The hard landing scenario turns on how ambiguity between activity types can
be exploitedin a contested information environment.
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For over two decades, the dominant political and academic response to the governance gap has
been principled restraint rather than active engagement. In 2022 a group of academics launched
aformal callforaninternational non-use agreement on solar geoengineering; over 600 academics
from 67 countries have since signed the accompanying open letter calling for aninternational non-
use agreement andrelated restrictions on public research funding.*® Theiracademic case restson
the argument that SAlrisks are poorly understood and that outdoorresearch creates a slippery slope
towards deployment. Further they advance a structural claim that planetary-scale technologies
cannot be governed equitably and willinevitably favour powerful states overvulnerable ones.

Political leadership has focused primarily on preventing SAl deployment rather than restricting
research. The African Ministerial Conference on the Environment (AMCEN) has called for a global
governance mechanism for the non-use of solarradiation management (2023 Decision 19/5), and
atits 2025 meetingissued an unequivocal rejection of SAl as a climate solution. The African Group
led negotiations at the sixth session of the United Nations Environment Assembly (UNEA-6) in
February 2024, with Djibouti playing a prominent coordinating role, and was joined by Colombia,
Fiji, Mexico, Pakistan, and Vanuatu. Pacific Island nations, led by Vanuatu, have made parallel calls
in UN settings for states to prohibit the development and use of these technologies.

The wider geopolitical conditions under which SAl governance must now develop may no
longer be those of consensus-based multilateralism. Several interacting forces may shape what
governance is possible.* The first is great power competition. The US and China are the powers
most capable of unilateral large-scale deployment due to theireconomic and technological
might to enact a programme and geopolitical power to facilitate it.#48 A Chinese geoengineering
scholarhas been quoted as saying that geoengineering may be used (by other countries) as a tool
to ‘maintain theirhegemony’,* and recent US framing of SAl as a matter of weather sovereignty®°
has sharpened the security dimension, raising the prospect that atmospheric governance is
absorbedinto strategicrivalry. The second is the Global Majority, and African states in particular,
whichis now the most organised force advocating restraint. There are emerging indicators of a
mismatch between governments and publics in these regions: public surveys show Global South
publics are more favourable to SAlresearch than publics elsewhere®'leaving open whether the
anti-SAl governance assertiveness continues, orinstead shiftsinresponse to public demand for
equitable access to SAl policy influence in a free-driver policy environment.52 The third is the role
of middle powers and issue-specific minilateral coalitions, which could prove decisive if they can
hold a cooperative centre in the event that consensus-based institutions weaken; middle powers
such as India, Brazil, Germany and Canada benefit from their geographical dispersal and relative
lack of unified strategic opponents. Cutting across all three, the diffusion of capability to
non-state actors may outpace state-led governance altogether if financial support exists from
broad-based publics, corporations, or philanthropic donors.
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2.3 The climate-policy context

Decarbonisation of each joule of energy used is happening but not fast enough to offset
energy growth and thus to avoid significant warming. Renewable energy costs have fallen
fasterthan anticipated, the International Energy Agency has revised its renewables forecasts
upward multiple times, and global clean energy investment now substantially exceeds
investmentin fossil fuels. Even so, current emission reduction pledges put the world on a path
to up toroughly 3°C of warming above pre-industrial levels by 2100, and this multi-degree
warming is expected to persist for centuries.>3%* Without SAl, returning temperatures to
lessthanal.5°Cincrease after overshoot would require not only rapid decarbonisation but
carbon dioxide removal at a scale many experts consider neither technically noreconomically
feasible in the near term.555¢57

As the physical impacts of climate change intensify the appeal of SAl may lieinits

rapid and inexpensive impact. While carbon removal will take decades to materially alter
surface temperatures, SAl could cool the planet within months of deployment at scale. For
communities facing repeated or existential climate threats, the difference between months
and decades may prove politically decisive.

While interest in SAl might grow as climate change intensifies, so might arguments
portraying SAl as a distraction from mitigation. SAl can only ever be acomplement

to decarbonisation. It addresses the symptoms of warming without fixing carbon
concentrations. If deployment were ever stopped while greenhouse gas levels remained
high, temperatures could rebound rapidly. This phenomenon, called termination shock, would
be disastrous for biological systems that are not tolerant of such rapid changes. This means
SAlis only coherent as a policy optionin aworld thatis also seriously pursuing emissions
reductions.

2.4 The information environment

The information environment is not merely a communication challenge, butis a structural
background that will shape whether legitimate public deliberation about SAlis possible at all.
Perceptions matter enormously in SAl discussions. The technology’s legitimacy, its political
feasibility, and the conditions under which it might be governed may all be determined as
much by what publics believe, as by what scientists can demonstrate. Any future governance
framework will need to establish and maintain legitimacy within a contested information
space where scientific findings are actively disputed, public trustininstitutionsis uneven and
fragile, and the actors shaping public understanding have widely divergent interests (see Box
3). Disinformation about SAI could trigger diplomatic tensions or civilunrest, regardless of the
accuracy of the underlying claims.
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Box 3 | Chemtrail conspiracy theories.

Chemtrails conspiracy theories assert
that the condensation trails behind
commercial aircraft are evidence that
deliberate atmospheric manipulation
is already occurring. These theories
emergedin the late 1990s and have
growninto a substantial transnational
community with established narratives,
dedicated media, and significant
political reach.

These beliefs are widespread and
growing. A 2010 survey across the US,
Canada, and the UK found that over

16% of respondents believed it was
completely true or partly true that the
government uses aircrafttorelease
harmful chemicalsinto the air.58 A2016 US
survey found up to 29% of respondents

indicated it was at least somewhat

true that geoengineering was already
occurring, with no apparent variation

by political affiliation.®” A2023 study of
tweets specifically about SAl found 32%
were conspiracy related.©°

Chemtrails communities have spent

more than two decades insisting SAlis
already happening. If SAImoves from
concept toresearch to deployment, this
community has aready-made framework
forinterpreting it and a substantial
audience already primed to receive that
interpretation. Multiple US states have
already proposed or passed bans on solar
geoengineering motivated primarily by
chemtrails concernsratherthan evidence-
based policy debate.?!

SAlis unusually vulnerable to perception-driven politics, both because of its fundamental
nature and because of the conspiracy infrastructure already established forit. Its effects
are largely invisible. Itis technically complex. Its governance is contested; its potential for
transboundary harmis real, and the chemtrails community provides a substantial pre-existing
epistemological framework - albeit false and often self-contradicting - forinterpreting any
actual SAl activity through a conspiratorial lens. These conditions combine with a broader
shift towards climate scepticism, away from disputing the underlying science and towards
attacking the legitimacy of proposed responses, casting climate policy action as elite
imposition orgovernment overreach.¢?

SAl may be particularly vulnerable to strategic disinformation by malicious actors, which
poses a different governance challenge than organic public conspiracy theories. State-
sponsored actors have demonstrated sophisticated capacity to inflame public divisions,
including around environmental and climate policy in Western democracies; researchers
have documented explicit targeting of climate debates as a tool of hybrid warfare.5

SAl offers attractive properties for such campaigns: invisibility, complexity, contested
governance, and a pre-existing conspiracy infrastructure to amplify fabricated claims. A
disinformation campaign does not need to persuade large numbers of people of anything
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specific. It needs only to generate sufficient uncertainty, anxiety, and distrust to make
evidence-based governance impossible. In arecent event, public anger over perceived
atmospheric manipulationinIndia spread rapidly, despite the absence of any SAl activity;*
thisillustrates how quickly perceptions can outrun facts, and how limited orirrelevant activities
may trigger a political response.

Designing governance may require treating the information environment as a primary
constraint rather than acommunications afterthought. Legitimate concerns about SAI -
equity, unintended consequences, and the concentration of power - are real and deserve
serious engagement. These concerns provide raw material for conspiratorial narratives, and
the boundary between legitimate concerns and disinformation is readily blurred in a contested
information environment. Research on how publics navigate complex, contested information
suggests that the solutionis not only fact-checking but rather what some researchers
describe as ‘friction-checking’®® - that is, treating misinformation as an emotional and
structural phenomenon and addressing the underlying grievances that make false narratives
resonate, rather than only correcting claims after they spread. Information environment
design challenges are sharpened by the rise of authoritarian governance models; these treat
transparency as a vulnerability rather than a virtue, making the information conditions for
legitimate global SAl governance challenging.
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3. From landscapes to scenarios

The forces described above interact to affect SAl governance, shaping what governance
is possible. Commercial actors are creating aregulatory space environmental governance
isnotequippedtoreach, as they bet on a climate trajectory thatis the subject of contested
policy. The governance architecturesinherited from the past are being asked to manage
technologies, actors, and political conditions for which they were not designed. This takes
placeinaninformation environment where perception may shape policy more decisively than
doesevidence.

The following four scenarios explore how these interactions could play out. Each scenario
takes a different position on the central uncertainties identified, and traces what 2036 futures
might result. They imagine:

avalues-based prohibition that has passed at UNEA but stalls at ratification

e acommercially driven test conducted with the backing of states that have come to
see cooling as more politically tractable than mitigation

e aresearch coalition acting to protect regional ecosystems whose carefully
designed transparency cannot survive a single incident

e anarmsrace triggered by an accusation that may or may not reflect what actually
happened.

The scenarios are neither forecasts nor mutually exclusive. They are a tool for exploring
the policy implications of plausible futures and for testing whether the present governance
arrangements are suitable for the future.
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Towards governance of climate cooling approaches:

Scenarios and policy-planning tool

Key drivers of the scenario landscape

Identify 4 main areas of uncertainty and map how shifts across these areas could interact overtime
and shape what governance is possible for Stratospheric aerosol injection (SAl).

INFORMATION INTEGRITY

GEOPOLITICS AND CLIMATEPOLICY
COMMERCIAL DYNAMICS FRAGMENTED GOVERNANCE AND IMPACTS AND PUBLIC DELIBERATION

Drivers interact &
produce different futures

—

These scenarios explore how these interactions could
potentially play out. They are not forecasts or mutually
exclusive. They are a policy-planning tool.

4 plausible
scenariosin 2036

S

VALUE-BASED
PROHIBITION

=/\

HARD LANDING

=

SILVER BULLET

7

ARMS RACE
Stratospheric aerosol
injection (SAl)isrebranded as
aneconomic driverand a
protector of border integrity.

Anear-globalrestraint
agreement meets the
limits of universal consent.

Radical transparency
meets a contested
information environment.

Geopolitical rivalry turns
atmospheric intervention
into a national security
posture.

Policymakers can use the scenarios to explore the implications
Relevance fOf of different futures and test governance options. The facilitation
policymakers guide at the end of the report supports theiruse inworkshops

and strategic planning sessions.
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3.1 Scenario summaries The full-length scenarios are available on pages 29-42

Scenario
brief

Trigger

Values-based
prohibition:

A global agreement on solar
geoengineering meets the
limits of universal consent

AGlobal Solar
Geoengineering Restraint
Agreement has been adopted
at UNEA. This commits parties
to ensure that no deployment
takes place until restrictive
conditions aremet and

that any outdoorresearch

is limited to small-scale
experiments and subject

to prior environmental
assessment. The vote passed
despite several abstentions,
and the Agreement now
enters aratification phase.
Several states with the most
active SAl programmes have
indicated they will not ratify.
Policymakers face a choice
between committing to self-
restraint they cannot enforce
onothers, or watching

the Agreementbecome a
normative statement rather
than binding international law.

Sustainedregional leadership
by the African Union, Latin
American states, and

some Pacific Island nations
builds enough international
momentum by 2030 to force
adoption at UNEA, despite
opposition from some states.

©

Silver bullet:

SAlisrebranded as an
economic driverand a
protector of border integrity

In2036 the firstlarge-scale
outdoor SAl testis days from
launch;itisled by alarge
company with the backing

of the states hostingits
operations. The trial marks
the accelerating shiftinfocus
from emissions to cooling.
Governments that would
once have dismissed a focus
on cooling are finding this
politically difficult to sustain;
proponents argue that SAl

is more certain, speedy

and cost-effective than
emissions-based restrictions
- and that constraining
warming would suppress the
weather extremes driving
insurance costs and climate-
related migration.

Critics argue that the veneer
of SAlinnovationis protecting
legacy fossilindustries and
draining global support for
mitigation. Policymakers are
left to decide how toregulate
a growing private cooling
sector, and whether near-
term cooling can coexist with
momentum for mitigation.

Outdoor SAl trials led by
private actorsin the late
2020s capture public and
political attention; the
messaging sells cooling as
acheap, low-risk alternative
to expensive and slow
mitigation.

Hard landing:

Radical transparency
meets acontested
information environment

IN2036, an Arctic research
alliance that has spent three
years conducting outdoor SAl
tests faces acrisisithad not
prepared for. After aresearch
drone suffered engine failure
andlanded outside the
researchzone, photographs
of the plane were posted
online and circulated within
hours as evidence of a foreign
spy plane. The coalition’s
transparent flight data,
designed asits founding
source of legitimacy, was
selectively quoted to

argue the opposite of what
itactually showed. Two
weeks on, the geopolitical
falloutis still expanding:

one coalition memberis
considering withdrawal,

and nearby countries are
accelerating domestic

bans on SAlresearchin
response to public concern.
Policymakers are being asked
to consider whether the right
of vulnerable regions to act

in self-defenceislegitimate,
and what governance looks
like when perception outruns
verification.

Aresearchdrone lands
outside its designated
testzone. Itisimmediately
photographed by members
of the public and rapidly
reframed online as evidence
of covert foreignintelligence-
gathering or military
operations.

44

Geopolitical rivalry turns
atmospheric interventioninto
anational security posture

Armsrace:

In2036 the atmosphere has
become a theatre of great
power competition. The shift
beganin 2033, when a major
power claimed that arival was
developing SAl deployment
technology. The accused
state denied any suchintent
and pointed to the accuser’s
own classified atmospheric
research as the more
credible threat. Independent
verification of either claim has
not been possible; the same
evidence could support
either a state preparing to
deploy or a state preparing
to accuse arival of doing so.
Inresponse, both powers
accelerated their classified
SAl programmes and several
other states moved to
develop theirown. A coalition
of middle powers meets to
consider whether to develop
a standby SAl capability as
abalancinginstrument, in
case of unstable or single-
hemisphere deployment.
Policymakers are left to
decide whether to commit
to atmospheric capabilities
of theirown, or to remain
asvoiceless outsiders of

a politically charged SAI
governance system.

A contested accusation
with evidence that
supports alternative
interpretations, surfacing
in2033 against a backdrop
of weather-sovereignty
framing as a facet of great
power competition. This
precipitates expansion

of classified SAlresearch
among major powers.
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Driving
force

Governance
posture

Central
tension

Aprecautionary norm
advanced through coalition-
building rather than universal
consensus. The Agreement’s
authority rests onvalues
shared by a majority of states,
not the participation of all

of them.

Active restraint backed

by internationallegal
architecture, with significant
exceptions for the most
active SAl-developing states.
The grey zone of ‘small-scale’
researchis left toratifying
statestointerpret.

Whether a normative
agreement adopted under
conditions short of universal
consent canshape the
behaviour of actors who
chose not to participate,
orwhetherrestraint by
some becomes capability
concession to others.

Commercial reframing of SAI
as primarily foreconomic
relief and border protection
rather than climate change.
This framing resonatesina
political environment shaped
by cost-of-living pressure,
insurance costs, and
contracted state capacity.

A growing private cooling
sector operating ahead

of regulatory frameworks.
Governments are responding
to populist demand for
economic relief rather

than leading the policy
conversation. Mitigation
continues but with weakened
political backing, primarily
driven by economic
opposition.

Whether public institutions
canintroduce guardrails

ona privately led cooling
agendaonce thatagenda has
acquiredits own momentum
and political constituency,
and whether mitigation and
cooling can coexist as policy
commitments or whether one
willdisplace the other.

A coalition acting to protect
the Arctic operates under
conditions where information
isweaponised faster than
transparency canrespond.
Legitimacy designed for
acoherent public sphere
collides with a fragmented
and contested one, where
facts are reinterpreted and
amplified by both careless
misinformation and actively
engineered disinformation.

Aresearch alliance was built
on principles of radical
transparency, community
inclusion, and consent-based
legitimacy among affected
populations. However, it was
operating without universal
international consent and with
limited capacity to defend

its workin a contested

and hostile information
environment.

Whether procedural
openness, community
inclusion, and

good-faith design can
sustainlegitimacy inan
information environment
shaped by hostile actors

and disinformation
providers. What governance
frameworks are required
when perceptions outrun the
facts available and malign
actors weaponise ignorance,
fearand confusion?

Asecuritised concept of
atmospheric intervention
treats SAl as a national
security assetrather than
aclimate intervention. This
isamplified by a contested
information environment
where perceptions of
capability drive the same
dynamics as actual capability.

Classified national
programmes erode
transparency; the absence
of any international
architecture capable of
verifying claims, attributing
activity, or coordinating
responses to unilateral
deployment worsens
perceptioninalow-trust
international environment.
Climate governance has
beendisplaced by strategic
intelligence frameworks.

Whether the transition of SAI
from a climate intervention
into a tool of geopolitical
leverage canbe managed,
orwhether once the framing
shifts, the technology
becomes captured by
strategic dynamics that make
climate-driven governance
impossible. What might
middle powers have to
considerif they have to
choose between developing
atmospheric capabilities to
manage deployment risks
orremaining voicelessinthe
resulting system?
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4. Cross scenario insights
for policymakers

The four scenarios explore different outcomes of the same underlying drivers of change in
SAl governance. They are not exhaustive, nor mutually exclusive. They are the result of a co-
creation process with over 250 people from different regions across the globe; other plausible
2036 futures could also be constructed from the same drivers of change. The scenarios are not
neatly segregated from one another; conditions in one scenario could shift rapidly into those
of another, and elements of more than one could be present simultaneously. Forexample, a
research coalition operating under the conditions of the ‘hard landing’ scenario could find itself
drawn into the dynamics of the ‘armsrace’ if a geopolitical fallout escalated. An agreement

of the kind described in the ‘values-based prohibition’ could be undone by the commercial
momentum of the ‘silver bullet’, the security framings of the ‘armsrace’, or both. Read together,
the scenarios have generated a set of observations from the stakeholders engagedin this
project that may beillustrative for others to consider.

Decisions about SAl may be shaped more by politics than by climate science, and any
governance design may need toreflect that. Each scenario shows decisions about SAl being
driven by something other than the climate: values and consensus politics in the ‘values-based
prohibition’; economic and migration framings in the ‘silver bullet’; regional self-defence
against climate change inthe ‘hardlanding’; and by strategic rivalry inthe ‘armsrace’. None of
these futuresis a climate response in any straightforward sense. Eachis the product of political
conditions that pure climate models do not represent.

The standard sources of scientific guidance on SAl may not be well suited to guiding the
political decisions that will actually determine its use. Integrated assessment models and
idealised deployment scenarios are built on the assumption that governments will respond
rationally to climate evidence, but the scenarios in this report were co-created to be plausible
rather than optimised, and the gap between them and the political assumptions built into

the modelsisitself one of the findings. Governance design that proceeds from modelled
assumptions about rational climate responses risks being unprepared for the conditions under
which decisions may actually be taken. Policymakers may need to build enoughindependent
research capability, and enough influence overresearch agendas, to ensure that scientific
enquiry serves the political questions they will actually have to answer.

Decisions about who leads research and development are governance decisions in their own
right. Research does not make deployment inevitable, but it can build knowledge, equipment,
and expert networks that make some future choices easier than others. If infrastructure and
expertise sit with a small number of private actors, publicinstitutions may end up negotiating
with those who already control the capability. The same may be true between countries who
control capabilities and those that do not. Building independent public knowledge does not
mean supporting deployment. Technical capacity can enable development, butit canalso
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make restraint more credible. Public funding brings transparency and oversight, and allows
governments tointerpret the science for themselves rather thanrelying on others’ knowledge.

The political conditions for SAl decisions may depend on the extent to which informed public
deliberation about themis possible. The ‘hard landing’ scenarioillustrates how quickly a coalition
actingin good faith canlose perceived legitimacy when public perceptionis shaped by actors
hostile toits work. The ‘silver bullet’ shows how a commercial reframing can build a populist
constituency for cooling that public institutions then struggle to regulate. Inboth cases the
problemis not the public opinioninitself itis that publics have been engaged late, onterms set by
others who have motivations not aligned to evidence-based deliberation. Citizen engagement
and evidence-based communication are not afterthoughts to a technical programme. They are
first-order governance conditions, and the scenarios suggest that any governance arrangement
that does not bring publics along early and substantively may struggle to hold up under pressure.

Independent monitoring and attribution capacity is a concrete governance investment

that many see as position-neutral. Regardless of what position a country takes on SAl itself,
they may find itimperative to have trusted sources of data to know who is doing what inthe
atmosphere, and to understand the impacts of any testing or deployment on theirownregion.
When attributionis contested and independent verificationis unavailable, the same evidence
cansupport multiple interpretations. Political consequences can then flow from whichever
framing prevails rather than from what actually occurred. Investing inindependent monitoring
and attribution capacity, and in the international arrangements needed to make its findings
authoritative, is a governance action that does not require a prior decision on whether or not SAI
should ever be deployed.

The climate policy and security policy communities are having entirely different
conversations about SAl, and neither is hearing the other. Interviews with climate scientists
and environmental policymakers were often dominated by concerns about moral hazard,
equity, and the risks of foreclosing future generations’ choices. These are substantive
concerns, taken seriously in the communities where they are raised, and for many they are
strong enough to justify declining to engage with SAl conversations at all. However, during
interviews with those in defence, security, and commercial circles, where SAlis increasingly
being discussed as a strategic capability, these concerns rarely came up. Moral hazard is
not part of the vocabulary. Equity is a background consideration at best. Future generations
are not the frame within which decisions are being weighed. If the concerns of the climate
community are to influence decisions about SAl, it may require someone to voice themin
the rooms where those decisions are being taken. These voices should, perhaps especially,
include those who believe SAl should never be pursued at all. Declining to participate on
principle does not stop the conversation. It leaves the conversation to others.

The choice of frame, whether SAlis understood primarily as a climate intervention oras a
security capability, may be the most consequential governance decision still open. Until
recently, debate on SAl has sat largely within climate policy. A security framing is now gaining
ground. If SAl comes to be viewed primarily through a security lens, the international cooperation
any workable governance regime depends onbecomes harder to construct, and existing climate
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intervention conspiracy narratives are amplified. The framing choice determines who funds the
research, whichinstitutions are responsible forit, and what drives its development, pulling all
three away from environmental metrics and public deliberation and toward strategic advantage.

Whichever framing prevails, what future generations inherit will depend on decisions

being taken now. Some of those interviewed noted any deployment of SAlrisks locking

future generationsinto a technological commitment they did not choose, with all the costs

of maintenance and the risks of termination shock falling on people who had no say in the
decision. Anotherview was that the future climate damages younger generations will inherit
may be so severe that withholding SAl (including the research needed to evaluate it), is its own
form of intergenerational harm. The scenarios presented here cannot resolve this debate. What
they do suggest is that whatever position one takes on SAlengagement, the world that future
generations inherit, and the extent to which they are able to make fully formed decisions, is a
question worth engaging with now.

Across the analytical work conducted for this project, plausible SAl deployment scenarios
were consistently paired with accelerated mitigation efforts, and deployment in the absence
of mitigation acceleration rarely appeared as a plausible outcome. This suggests defensible
SAlscenarios were judged by experts to depend on accelerated mitigation and a credible
off-ramp for deployment. Without accelerated mitigation, SAl risks becoming a substitute for
the underlying climate action, not a complement toit. Without a credible off-ramp, SAl risks
becoming acommitment future generations inherit rather than a choice they retain the capacity
to make. The scenarios in this report explore many possible futures for SAl governance, but none
of them changes this underlying condition. The work of accelerating mitigation and building the
technical, political, and institutional capacity for a credible off-ramp is required now, and the
climate-focused voices arguing forit have to be presentin every conversation where SAlis being
considered if the requirement is to hold.
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Policy
planning tool:

designing effective governance for
Solar Radiation Modification (SRM)

This tool supports policymakers, advisers, and analysts to structure
conversations about the governance of solarradiation modification
(SRM), and particularly its most studied form, stratospheric aerosol
injection (SAl). It provides four scenarios describing plausible SAl
futures for 2036, alongside a facilitation guide for using themiin
workshops and strategic planning sessions.

The toolis designed for use inside government departments,
ministries, intergovernmental bodies, research funders, and civil
society organisations that are, orexpect to be, engaged with SRM
governance decisions. It is equally useful for those working directly
on climate and environmental policy, and for those in adjacent
domains, including foreign affairs, defence, development, science
governance, and communications, whose work will shape, and be
shaped by, how SRM governance develops.
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Context

Discussions about SRM governance are taking place now, in an environment where formal
international frameworks remain fragmented, where private sectorinvestmentis accelerating faster
thanregulatory capacity, and where the political framings that will guide decisions are contested.
Policymakers considering SRM face a challenge common to many emerging governance questions:
they must design or defend positions under conditions where the technology is developing rapidly,
the political landscape is unstable, and the range of plausible futuresis unusually broad.

Standard forms of scientific and policy analysis, including integrated assessment models and
idealised deployment scenarios, are valuable forunderstanding the physical and technical aspects
of SRM. They are less well suited to the political conditions under which decisions will actually be
made. Scenario-based foresight offers a way to complement those analyses. Rather than predicting
whatwillhappen, itinvites policymakers to consider abroadrange of plausible futures and trace what
those futures would mean for theirwork, their institutions, and the communities they serve.

Contents of the planning tool

The tool has three components, which appear in the sections that follow. The firstis a set of

four scenarios describing distinct plausible futures for SRM governance in 2036. Each scenario
explores a different story about how governance conditions might develop, driven by different
combinations of political, commercial, and geopolitical pressures. The scenarios were developed
through a dual-track process combining expert analytical work with a consultation involving over
250 policymakers, scientists, civil society representatives, and other stakeholders across multiple
regions. They are designed to be plausible rather than optimised, and to surface the political and
geopolitical dynamics that formal modelling does not usually capture. A separate methodology
paper describes the scenario development process in detail; familiarity with the methodology is
not required to use the tool effectively.

The second s a facilitation guide offering three foresight techniques for using the scenariosin
structured workshop settings. Each technique serves a different purpose: the futures wheel is
useful for exploring second and third-order consequences, robustness testing can be used to
evaluate different policy options, and backcasting helps identify leading indicators and near-term
decisions by tracing what would need to have happened for a scenario to come about. The guide
sets out when to use each technique, what it produces, and how to runit. Asingle team can use any
one of the techniques as a standalone exercise, or combine them across a series of sessions.

The thirdis a set of critical uncertainties that emerged from the scenario development process. These
can be used as prompts within workshops or as starting points for follow-on analysis. They surface the
questions that policymakers will need to grapple with regardless of which future comes to pass.

The scenarios are not mutually exclusive. Conditions in one scenario could shift rapidly into those
of another, and elements of more than one could be present simultaneously. Users of this tool are
encouraged to think about the boundaries between scenarios as porous, and to consider what
governance arrangements would remain useful across scenarios, not only within them.
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What this toolis not

This toolis not a prediction. The scenarios are illustrative and exploratory; they do notaimto
forecast the most plausible future. The value of the scenarios comes from the discussion they
promptrather than from any claim about which is most likely to occur. The tool does not set out
policy recommendations. Rather, it provides material for structured conversation; the policy
conclusions that follow from those conversations depend on the country, institution, and
mandate of the users.

Itis not a substitute for country-specific orinstitution-specific analysis. Users will typically need
to combine the outputs of scenario workshops with their own analytical work to translate insights
into actionable planning.

Reading the scenarios

The four scenarios follow. Eachis presented in the same format: a scenario in brief, followed by
four fields describing the trigger, driving forces, governance posture, and central tension, and

closing with questions that are raised by the scenario. They can be read in sequence or dipped
into individually, and no scenario depends on the others for context.

BOXP1 | Distinguishing SAI activity types

Discussions about SAl governance often collapse different kinds of activity into a single
category. The scenarios that follow are easier to work with if three broad activity types
are held distinct:

e Research activity generates evidence about SAl's risks, uncertainties, and possible
consequences. Itincludes laboratory work, atmospheric modelling, scholarship, and
small outdoor process studies designed to test instruments or measure atmospheric
properties. Itis designed to produce no detectable climate effect.

o Deployment-adjacent activity is outdoor activity conducted at a size and duration
sufficient to produce a detectable radiative orregional climate effect. Its purpose is
demonstrating operational feasibility, testing deployment readiness, or producing
cooling for a specific region.

e Technology developmentis activity aimed primarily at building hardware, delivery
systems, intellectual property, or deployment-ready programmes. It is oriented
toward capability rather than understanding, and sits outside conventional
definitions of scientific research.

These distinctions are contested in practice, and no shared international taxonomy
formally enforces them. However, workshops using the scenarios in this tool benefit
from holding the distinctions consciously. Each scenario engages with these
categories differently.

c.f.g | climate interventions SAl governance scenarios | 28



2036 SAl GOVERNANCE SCENARIOS

A values-based prohibition

A global agreement on SAl meets the limitations of universal consent

Scenario
narrative

A 2036 Global Solar Geoengineering Restraint Agreement is adopted

at UNEA, committing parties to prevent deploymentin the absence

of ascience-based, precautionary, global and transparent regulatory
mechanism until there is adequate scientific justification for SAl activities
considering environmental, transboundary, social, economic and cultural
risks. Small-scale outdoorresearchis permitted, subject to restrictive
environmental assessment. The vote passed, despite several abstentions;
the Agreement now enters aratification phase.

Proponents of the Agreement argue that it protects global climate
actionintegrity, removing a technological fix that could displace mitigation.
They consider the stratosphere as a global commons that cannot be
equitably governed without consensus, and see the precautionary
principle as appropriate forinterventions whose transboundary risks
remain poorly understood.

The Agreement’s design has critics. The conditions forlifting the ban
are restrictive and undefined, with no international body designated to
assess compliance - leading to allegations that the process is designed
to prevent progress. The small-scale research exception is undefined,
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anditis not clear whetherit distinguishes research activity (designed to
generate evidence without producing climate effects) from deployment-
adjacent testing that happens to be smallin scale but is orientated toward
operational readiness. Several states with active SAl programmes have
refused ratification, raising the prospect that the Agreement will be
performative but ineffective - binding only those willing to be bound.
Policymakers are being asked to commit to restraint they cannot externally
enforce, and to do soin the context of accelerating climate impacts.

How we UNEA adoption support started regionally. In the late 2020s, the African

got there Union had moved beyond AMCEN'’s earlier rejections of geoengineering
to negotiate aregional protocol restricting African SAl. The first-of-a-kind
protocol signalled African opposition, legally enacted.

Global North critics argued AMCEN reflected civil society lobbyist capture,
not independent ministerial judgement; this argument did not land as
intended. African states and their supporters read it as arefusal to take

the AU’s environment ministries seriously, a portrayal which hardened the
environment ministers’ commitment to leading the Agreement.

Latin American states joined the coalition through 2028 and 2029. A Pacific
Island bloc made a supporting parallel declaration. By 2030 at least some
nations from all three regions of the Global Majority had committed to
restraint, and the concept that governance required major powers became
tenuous. The question for the Global North and others was whetherto align
with Global Majority opposition from climate-vulnerable nations or be
visibly out of step withiit.

By the UNEA vote the Agreement had majority support despite a small but
powerful coalition of opponents. Some framed the Agreement as an act
of generational neglect, arguing that with mitigation falling short, research
restraint amounted to obstructing future generations’ knowledge of
alternative climate responses. They pointed to growing climate impacts
on human and non-human health, the economy and the environment as
evidence of urgency; this argument was strongest when made by youth
but weakened when echoed by states with active commercial SAl or SAI
research programmes, where the line between principled critique and
self-interest was blurred.

The vote passed. The Agreement is now at the ratification stage, where the

questionis no longer whether the principle of restraint commands majority
support, but whether the states most active in SAl development willaccept
being bound by it.
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Emerging
evidence
of change

o African political leadership against geoengineering:
InJuly 2025 AMCEN reaffirmed its total rejection of SAl technologies and
requested that African countries advance a non-use agreement in other
international negotiations.®’ The African Group led negotiations at UNEA-
6in February 2024, with Djibouti playing a prominent coordinating role,
and was joined by Colombia, Fiji, Mexico, Pakistan, and Vanuatu. Pacific
Island nations, led by Vanuatu, have made parallel calls in UN settings for
states to prohibit the development and use of these technologies.

o Europeanreactions to geoengineering: The EU supported a
precautionary approach to SRMin the UNEA-6 negotiationsé®andina
recent Joint Communication stated support forinternational efforts to
assess therisks and uncertainties of climate interventions.®” The German
Federal Environment Agency (Umweltbundesamt) formally rejected SRM
deployment as both an emergency option and a transitional technology
due toits potential to create unpredictable climate risks.”®

e Academic calls for geoengineering non-use: More than 600 academics
from 67 countries signed an open letter calling for aninternational non-
use agreement on solar geoengineering.”

o Repeated cancellation of SRM field experiments: SRM field
experiments, such as Harvard University’s SCoPEx 72, Cambridge
University’s SPICE and University of Washington’s Marine Cloud
Brightening outdoor test, were cancelled in part due to public backlash
and activist opposition.

Key How can a non-unanimous international agreement function if the states

questions most active in SAl development choose not to ratify?
raised
by the

scenario” States disagree on definitions of key terms. Box P1sets out three broad

activity categories: research, deployment-adjacent activity, and technology
development, but this agreement leaves terms to national interpretation.
Which institution, if any, should hold the authority to define these thresholds?
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2036 SAl GOVERNANCE SCENARIOS

SAlisrebranded as an economic driver
and a protector of borderintegrity

Scenario In2036 the first large-scale outdoor SAl test is days from launch. The test is

narrative deployment-adjacent activity (see Box P1), at a scale intended to produce
detectable climate effects, and it follows a decade of technology development by
private actors. The trial is led by a large company, backed by the states hostingits
airbases. The climatic and geopolitical consequences are both uncertain. The test
marks the point at which a steady shiftin climate action framing from emissions to
cooling becomes difficult to reverse. Charismatic individuals have promoted SAl to
publics as a cost-effective way to stabilise temperatures and shield the economy
from structural upheaval. Several commercial actors are now developing SAl with
various funding models being explored.

Governments that would once have dismissed a focus on cooling over carbon
mitigation are finding it politically difficult to do so. Private actors have used
tech platforms to promote SAl as the only short-term solution to climate
change effects that are unambiguously accelerating. Further, SAlhas been
framed as more cost-effective than emissions-based restrictionsin the
medium term. Society fears severe destabilisation ahead; climate cooling
isaway toreduce the severe weather events that are making insurance
unaffordable, increasing cost of living, and causing climate-driven migration.
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Critics argue that the veneer of climate change innovationis being used as
afront to protect legacy industries and is draining global support for deep
emissions cuts. Policymakers struggle to justify the need forlong-term
commitment to mitigation among voters forwhom more immediate concerns
around borderintegrity and cost-of-living pressures are defining issues.

Outdoor SAl trials led by private actorsin the late 2020s captured public and

How we political attention. Most of what these actors were doing was technology

got there developmentinthe sense set out in Box P1: building hardware, delivery systems,
and operational readiness rather than generating knowledge about SAl’s risks
oruncertainties. The activity was often described publicly as research, butits
purpose was demonstrating commercial capability. Commercial messaging
released by the company conducting the trials sold SAl to publics as a cheap,
low-risk way to stabilise global temperatures; it landed in a receptive political
environment. State finances across major economies were already stretched
by a decade of emergency climate adaptation spending, pandemic debt,
economic stagnation, andrising defence investment. The cost of living had
become a dominant political concern for citizens, with insurance costs linked to
extreme weather adding to household pressure.

As the global balance of power continued to shift away from Western
dominance with the rise of Global South and Asian economies, state
capacity in Western economies contracted. Non-state actors expanded
theirreachinresponse. Technology companies, private infrastructure funds,
and multinational corporations gradually took on functions that states
struggled toreliably provide, from digital communications to energy systems
management. Powerful private companiesincreasingly shaped government
policy, democratic processes, and national security.

Charismatic individuals used technology platforms to drive a shiftin focus
from carbon to cooling. They rebranded SAl as a shield against the economic
cost of climate change and the political fallout of expensive climate action;
the framing was deliberate and effective. Rather than asking voters to accept
economic painin the short term in exchange for protecting future generations,
proponents offered immediate fiscal relief and quick-acting temperature
management. It was a far easier proposition to sell.

Various models to fund SAl are being explored. A group of philanthropists
has publicly expressed theirintent to investigate funding SAl deployment. A
proposal to allow carbon credits derived from climate cooling to be traded
within existing carbon markets has attracted interest, potentially turning the
planetary thermostat into a tradable commodity. Governments are coming
under pressure from their citizens to accelerate SAl development to address
cost-of-living pressures.
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Critics warn that SAl development by private actors creates a dangerous
technological lock-in, where the global economy becomes structurally
dependent on a privately owned and operated planetary shield. There is an
acute concern that this market-led pivot prioritises short-term industrial
growth over the essential, difficult work of reducing greenhouse gas
emissions; it binds future generations to an engineered atmosphere without a
plan forreducing atmospheric carbon concentrations.

SAlisincreasingly viewed as a working-class victory and a defence against
elitist net-zero mandates that many deemed impossible to meet. Acooler
climate is viewed as the answer to the environmental pressures driving

mass migration and the solution for weather extremes making insurance
prohibitively expensive. The resultis a populist mandate that casts traditional
mitigation as both elitist and outdated.

Emerging e A conservative US think tank has suggested SAl could be used as an
evidence alternative to expensive fossil fuel transition policies to protect the
of change economy: Its report indicated SAl could reduce the costs associated

with the fossil fuel transition, and protect energy companies and the
economy.’

o Afor-profit SAl sectoris emerging that is structurally incentivised to
manufacture demand for deployment: In 2025 more than $115 million was
committed to nine SAl-related startups by over 50 investors.” Stardust,
the best capitalised, aims to be deployment-ready by the end of the
decade, anticipating government contracts for sunlight reflection.”

e A consumer-facing model of SAl commercialisation has emerged: US
startup Make Sunsets sells ‘cooling credits’ directly to private buyers
and has been granted a patent forits SAl system.”” It has raised over US$1
million from investors to release stratospheric sulphur dioxide balloons
and sold over $100,000 in ‘cooling credits’ to private buyers.”®

o Other models for funding SAl are plausible: SAl could indirectly
stimulate carbon drawdown by reducing soil respiration, promoting
ocean carbon drawdown and enhancing photosynthesis.”?:80.8182
Trading SAl-derived carbon credits on existing offset markets has been
envisaged as a possible method of commercialisation.® Philanthropic
funding of SAl has also been explored as a possible emergency
response, albeit one potentially lacking legitimacy and justifiability. 8

e Economic concerns could distract from climate action: While support
forrenewable energy and the energy transition remains high,% some
findings suggest that the prioritisation of climate has decreased relative
toimmediate economic concerns.? A survey of 24,000 people found
that global support for climate protection has declined, with the world’s
most advanced economies showing the strongest declines.
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Many respondents expressed concern that the economic impacts of
the green transition could threaten their financial security.?’

e Social media narratives link climate action to government overreach:
Researchreveals a transition from traditional climate denial to a ‘new
denial’ on digital platforms, which focuses on attacking the efficacy of
climate solutions and their supporters rather than the climate science
itself. These narratives, often amplified by algorithmic recommendation
systems, increasingly link climate action to government overreach and
threats to national security:88

e Securitisation of climate migration: Current security discourse in the
Global Northisincreasingly recognising the climate security nexus
and anticipating the risk of climate-driven displacement as a threat to
national stability and security.®’

Key Are there effective mechanisms for introducing guardrails to manage
questions private sectorinterestin climate cooling?

raised

by the . How should governance frameworks respond when commercial actors
scenario

describe their activity publicly as research while conducting technology
development oriented toward deployment readiness?
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2036 SAl GOVERNANCE SCENARIOS

Radical transparency meets a contested information environment.

Scenario In 2036 the future of an Arctic research alliance hangs in the balance. For

narrative three years a coalition of Arctic states and their research partners has
conducted aresearch programme designed to build the evidence base
needed to evaluate whether SAl could safely be used to slow warmingin a
region whose ice loss threatens the cultures, economies, and in some cases
the very existence of its inhabitants. The programme is research (see Box
P1): the outdoor process studies are smallin scale and designed to produce
no detectable climate effect. The coalition has been consistent that the
programme is not, and is not intended to be, deployment. They built their
legitimacy through radical transparency, genuine inclusion of Indigenous
and affected communities, and a positive framing that offered hope to a
generation worn down by climate anxiety.

That changedinlate 2034, when aresearch drone carrying atmospheric
instrumentation suffered engine failure and was forced to land on farmland
outside the research zone. Members of the public who found the aircraft
photographeditand posted the images online. Within hours, the images
were circulating as evidence of a foreign spy plane. Within days, the story had
moved from conspiracy sites to political commentary, and from commentary
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into diplomatic exchanges. The coalition’s transparent flight data, available in
real time onits public dashboard, was being selectively quoted to argue the
opposite of what it actually showed.

Two weeks on, the social and geopolitical fallout is still expanding. A
neighbouring state has announced a full investigationinresponse to

public demands. One research coalition memberis reportedly considering
withdrawal to protect diplomatic relations with a neighbouring major power.
Several nearby countries are now considering domestic SAlresearch bans,
citing public pressure rather than compelling evidence. The coalition’s
founding principle, that transparency would sustain legitimacy, is being
testedin aninformation environment it cannot control, where bad-faith
actors are willingly manipulating the facts. Policymakers are now being asked
to considerwhether the right of communities in vulnerable regions to pursue
SAlresearch designed to defend them against climate change is legitimate,
and what governance looks like when perception outruns verification.

How The coalition’s founding logic was building the knowledge base needed to
V:‘e got survive a changing climate. Rather than pursuing planetary-scale climate action,
there

its member states were responding to national priorities: the loss of Arctic

ice and the mounting risk of an AMOC shutdown. Their focus was on building
the evidence base for possible future regional stabilisation and on retaining
the option of pursuingit if the science justifiedit. They argued that lives and
livelihoods depended on generating knowledge that Arctic communities could
act on, rather than waiting for evidence to be produced elsewhere.

The coalition pledged to radical transparency - committing to real-time,
open-access monitoring of allits trials - aiming to demonstrate that its focus
remained onregional ecosystems. Local community members were involved

in experimental design and implementation, securing strong local buy-in. This
arrangement represented a polycentric governance experiment operating
across multiple scalesincluding Arctic states, regional authorities, Indigenous
governments, and scientific networks. Those with the most to lose claimed the
rightto actin self-defenceinthe absence of universal consent. The coalition’s
legitimacy derived not from traditional multilateral consensus but from this web
of overlapping authorities and affected stakeholders.

Central to the coalition’s public case was a deliberate reframing of what SAI
represents. Rather than presenting the trials as a technological fix, coalition
states argued that humanity had been altering the atmosphere as a side
effect for over a century through fossil fuel emissions. What the coalition
was proposing was categorically different; careful, transparent research

to understand whether mindful, monitored stewardship of the cryosphere
might one day be possible. That framing resonated more broadly than many
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had anticipated. For a significant portion of the global public, exhausted
by decades of climate anxiety and political paralysis, the coalition’s work
generated genuine hope that a demonstrated mechanism existed to
address warming on a meaningful timescale.

Surrounding states had adopted a posture of non-obstruction. Russia’s
earlier confidence in the benefits of Arctic warming had already wobbled

as permafrost thaw damaged extractive infrastructure, and Moscow had
quietly accepted that the coalition’s focus on cryosphere stabilisation was
not entirely contrary toits interests. The EU had declined to formally endorse
the trials while refraining from any action to obstruct them. That equilibrium
held until the drone’s unscheduled landing.

Emerging e European Commission calls for SAl research: The European
evidence Commission Scientific Advice Mechanism on Solar Radiation
of change Modificationrecommended research on SRM be conducted responsibly

and in keeping with EU ethical principles of research but called foran EU-
wide moratorium on SRM deployment for offsetting climate warming.?®

e Reframing moral hazard: Emerging research has suggested that the
‘moral hazard’ of SRM can be reframed; forsome, it represents a source
of hope, rather than merely a distraction from cutting emissions.”!

e Disinformation and environmental entanglement: Environmental
politics isincreasingly entangled with strategic competition, with
climate security concerns now explicitly linked to disinformation
campaigns.’? Russian disinformation strategies have explicitly targeted
environmental politics to inflame divisions in Western democracies?® and
may apply similar tactics to geoengineering research.

e Spill overinto conspiracy theories: Public concerns about solar
geoengineering research reveal significant concerns about governance,
equity and unintended consequences and these concerns often
spilloverinto conspiracy theories? further complicating the prospect
of transparent governance. Indeed, much recent US state legislation
relevant to SRM has beeninspired or motivated by conspiracy theory
concerns about fictitious chemtrails.

e Youth-led calls for new climate strategies: The Finnish youth
movement, Operaatio Arktis, argues that climate strategies from the
1990s are failing to protect polarice. They advocate for an integrated
approach that combines emissions reductions with solar radiation
reflection and carbon sequestration.”® Similarly, a guide co-created
with young people calls for deeper public dialogue, particularly with
young people, to understand the social and environmental impacts of
geoengineering proposals.”
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e Iceland designated AMOC collapse as a hational security and existential
risk: This designation signals the start of coordinated government
planning.?® A scientific assessment on AMOC stability is being undertaken
atthe EU level;” Norway, Ireland and the UK have allincreased AMOC
researchinvestment;'°© and aninternational AMOC preparedness
taskforce is being established.!®’

Key Who holds the authority to decide on the legitimacy of climate cooling
questions research whenitis being conducted by climate-vulnerable states in their
raised own defence?

by the

scenario

The coalition maintained a clear distinction betweenresearch and
deployment-adjacent activity,and communicated that distinction
consistently. The public conversation failed to hold the distinction.
What governance arrangements would help such distinctions survive
contact with contested information environments, and who, if anyone, is
responsible for maintaining them?
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2036 SAI GOVERNANCE SCENARIOS

Geopolitical rivalry turns atmospheric interventioninto
a national security posture

Scena-rio In2036 the atmosphere has become a theatre of great power competition.

narrative The shift began two years earlier, when a major power claimed that arival
power was developing SAl aircraft. The accusation asserted that the aircraft
designindicated technology development orientated toward deployment
(see Box P1). The accused state denied any such intent, attributing the
technology development toresearch, and pointed to the accuser’'s own
classified atmospheric research as the more credible and immediate threat.
Independent verification, where possible, isinconclusive. Analysts have
noted that both countries have manufacturing capabilities but this doesn’t
necessarily indicate the intention to deploy SAI.

Inthe months that followed the accusation, both powers are believed to
have accelerated their classified SAl programmes. Several other nations
have moved to develop capabilities of their own. Other nations are now
scrambling to undertake research designed to understand the regional
impacts of a possible SAl deployment. Knowledge is constrained by the lack
of understanding on whether a potential deployment might be unilateral or
collaborative, or hemispherically uneven or not.
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A coalition of middle powers has met to consider whether to develop a
standby SAl capability, not as a deterrent but as a balancing instrument.
Proponents argue that the capability may be needed if uncoordinated
deployments by rival powers create a hemispheric imbalance requiring
correction, orif adeploymentis abruptly halted and termination shock
follows. Critics argue that building such a capability will further deepen the
securitisation of the atmosphere and accelerate the very dynamic the coalition
is trying to manage. Policymakers are left to decide whether to commit to SAI
capabilities of theirown, or to remain outside a systemin which they have no
voice in decisions that could shape their own climate.

How By the mid-2020s, weather sovereignty had become the operative framein
we got several major-power governments. SAlresearchin environmental directorates
there was transferred to national security and defence ministries, where they

became substantial, operationally focused, and classified.

Governments framed the work as defensive capability, guarding against the
possibility of unilateral foreign atmospheric intervention. The major powers
expanded outdoor testing through this period at scales individually defensible
asresearch. In practice, each state’s expansion of its own programme became
the strongest evidence itsrivals cited for expanding theirs.

Private aerospace and defence contractors lobbied for funding by positioning
SAl as a dual-use technology offering both climate stabilisation and defensive
capabilities. The commercial SAl sector, already attracting significant venture
capital, found a new and better-resourced class of potential customer as SAl
research was carried out under defence and intelligence budgets that dwarfed
anything previously seen when it was treated strictly as climate research.

The trigger came in 2033, when intelligence leaks and analyst reports surfaced
what the accusing state described as evidence of heavy investmentin planes
able to deliver significant payload to the stratosphere. The accusation was
contested by the accused state. The planes were real, but their purpose was
ambiguous. The timing of the disclosure raised questions about who benefited
from the framing. Some analysts questioned whether the disclosure was a
false flag narrative, engineered to justify the accusing state’s own programme
expansion, or whether the accused state deliberately positioned the planes to
appear deployment-relevantin order to provoke escalation.

Whether the events were what they appeared, what they were claimed to
be, or something else entirely, the policy consequences were the same.

SAl shifted, almost overnight, from a climate policy question to a matter of
strategic posture. The migration of SAlresearch into classified programmes
produced a cycle of suspicion. Research hidden behind intelligence firewalls
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Emerging
evidence
of change

Key
questions
raised

by the
scenario

was a target for espionage, which generated further secrecy. Rival nations
interpreted each other’sresearch not as a legitimate climate response but as
amechanism of geopolitical leverage. The question was no longer whether
SAl should be researched, but what activity was actually happening behind
the classification, who was doingit, and what they intended to do with the
capability. In a classified environment, the distinctions between research,
technology development, and deployment-adjacent activity became almost
impossible to verify from outside.

¢ SRMhasbeen portrayed as an emerging strategic domain that requires
US leadership to avoid ceding advantage to China: A2026 report by the
American Council for Capital Formation Center for Policy Research argues
that US leadership is required to prevent ‘adversaries [acting] unilaterally
to deploy or potentially weaponize SRM technologies’.'°?

o SAlhasbeenframed as a tool to protect ‘US weather sovereignty’:
A US conservative think tank argued in early 2026 that America should
develop global atmospheric modification capabilities to ensure its
weather sovereignty and to eliminate threats from foreign interventions.'°?

e Commercial actors are building SAl deployment capabilities in
anticipation of government demand: In October 2025, Stardust
raised $60 million - the largest ever SAl funding round - frominvestors,
bringing its total capital to $75 million.’** Investors openly acknowledge
they are betting on climate and political failure, and Stardust aims to be
deployment-ready by 2030. Overall SRM startup fundingincreased to
more than $115 million committed across nine companies.'®®

o China’s opaque stratospheric ambitions: While China’s public statements
suggest alack of interestin SAl deployment, arecent report by the French
Ministry of Armed Forces suggests this is unlikely to be true. 106

What international monitoring and detection systems might be required to
distinguish research from technology development and deployment-adjacent
activity in the stratosphere, and who is best placed to operate them?

When activity is classified and its claimed category cannot be independently
verified, what governance arrangements can hold up under adversarial
conditions?
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Using the scenarios:
foresight techniques for policymakers

Choosing a technique

Three techniques are provided for using the scenarios in workshop settings. Each has a different
purpose and produces a different type of output. The right choice depends on what you want
the workshop to achieve.

e The futures wheelis exploratory. It helps participants explore a scenario and understand
some of the implications for their work, their organisation, and the communities they serve.
It surfaces implications, blind spots, and second-order consequences. This technique is
suitable forwhen participants are new to SRM, when the goal is shared understanding of a
plausible future, orwhen the workshop purpose is aninitial exploration of policy questions.

o Robustness testingis evaluative. It helps participants test a specific policy option,
governance arrangement, orinstitutional design against multiple scenarios. It surfaces
which choices hold up across futures, which are vulnerable to particular conditions, and
which need to be redesigned to work under uncertainty. This technique is useful when
participants have a specific policy questionin mind, when the goal is to compare options,
orwhen the workshop is directly informing a decision.

o Backcastingistemporal. It helps participants identify what would need to have happened
forascenario to come about, and when. It surfaces leading indicators, near-term
decisions, and the choices that would push a scenario toward or away from a particular
future. It can be used when participants have responsibility for near-term decisions, when
the goalis to identify what to watch for and what to influence now, or when the workshop is
intended to feed into planning cycles.

The three techniques are complementary. A team with time and appetite can use all three across
a series of sessions: the futures wheel to build shared understanding, robustness testing to
evaluate specific options, and backcasting to identify near-term actions. The sections that
follow describe each technique in more detail.

Before any workshop

Regardless of which technique is chosen, a few preparation steps apply.

o Familiarise yourself with all four 2036 SAl scenarios before the session. Evenif the
workshop focuses on one, participants may raise the others in discussion.

o Assignone facilitator and one notetaker per breakout group where possible. The facilitator
runs the conversation, keeps track of time, and pushes the group across domains. The

notetaker captures outputs andis responsible for photographs or screenshots at the end.

o Establish groundrules at the start of any session. Chatham House rule (comments not
attributed to specific individuals) can be used to support open discussion, particularly
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where participants come from different institutional backgrounds. Remind participants
that foresight thrives on diverse contributions, including hunches, anecdotes, and
personal observations. Theriskinthe roomis silence, not abad answer.

e Introduce SAl briefly if the group is not familiar with it. A two-minute summary covering
what SAlis, why itis debated, and why governance mattersis enough. Avoid getting drawn
into a technical debate. Refer participants to the scenarios themselves for further context.

Technique 1: Futures wheel

The futures wheelis a cascade-thinking exercise. The scenario sits in the centre of concentric
rings. The first ring captures direct implications for the participant’s workstream or organisation.
The secondring captures what follows from those direct implications. The third ring captures
cascading effects further out in time or further across the system.

When to use it

When participants are new to foresight, when the goalis to build shared understanding around
one plausible future, when the workshop needs to broaden participants’ sense of what is at
stake, and when time allows for a divergent conversation before any convergent thinking.

What it produces

Avisual map of first-, second-, and third-orderimplications for a specific scenario, from the
perspective of the participant group. The wheelis typically photographed or exported and
distributed after the session as a shared reference.

What you need

One facilitator and one notetaker per breakout group of up to twelve participants. Forin-person
sessions: a flip chart sheet with three concentric circles or a printed template at Al or A2, Post-

it notesinthree colours, and marker pens. For online sessions: a shared whiteboard with one
futures wheel template per breakout group and the central scenario summary preloaded. Allow
90 minutes for a single scenario, or 180 minutes for a comparative session across two scenarios.

Suggested agenda (single scenario, 90 minutes)
e Plenaryintroduction and scenario briefing (15 minutes)
e Anchorthe scenario, silentread (5 minutes)
e Firstring, directimplications (15 minutes)
e Secondring, knock-on consequences (20 minutes)
e Thirdring, cascading effects (20 minutes)

o Synthesis and close (15 minutes)

c.f.g | climate interventions SAlgovernance scenarios | 44



Facilitation notes

Start eachring with around-robin so every participant contributes. When moving to the
second and third rings, take each previous Post-it in turn and ask “what follows from this”. Push
participants toward domains they have not yet covered. Watch for over-clustering in one area;
the PESTLEV checklist (political, economic, social, technological, legal, environmental, values)
can prompt breadth.

Encourage participants to contribute from personal as well as professional perspectives. The
first thought to surface is often a personal one, and these contributions add useful texture to the
wheel. Foracomparative session across two scenarios (180 minutes), repeat the wheel exercise
with a second scenario after a10-minute break, thenreserve 15 minutes at the end for cross-
scenario report-backin plenary.

Further reading

UK Government Office for Science. 2024. The Futures Toolkit, 2nd edition. Futures Wheels
chapter. Available at gov.uk.

European Commission Knowledge4Policy platform. Futures Wheel workshop:
A step-by-step guide to run a foresight workshop. Available at knowledge4policy.ec.europa.
eu/strategic-foresight/topic/futures-wheel-workshop_en.

Technique 2: Robustness testing

Robustness testing takes a specific policy option, governance arrangement, orinstitutional
design and evaluates it against each scenarioin turn. Participants ask, for each scenario,
whether the optionremains effective, becomes counterproductive, or requires modification.
Outputs are typically captured in a matrix with the option or options on one axis and the
scenarios on the other.

When to use it

When participants have a specific policy question, option, or draft position they are trying to
test. When the goal is to compare options against uncertainty rather than to explore uncertainty
inthe abstract. When the workshop is directly informing a decision or a planning cycle.

What it produces

A matrix showing how one or more options perform across the four scenarios, with narrative
notes on the conditions under which each option succeeds, fails, or needs to be adapted. The
matrix supports comparison and can be included in decision memos or strategy documents.

What you need

One facilitator and one notetaker per group of up to fifteen participants. A matrix template
on a flip chart or shared whiteboard, with scenarios on one axis and either specific options or
evaluation criteria on the other. Copies of all four scenario summaries. Allow 120 minutes for a
session testing two or three options across the four scenarios.
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Suggested agenda (120 minutes)
e Plenaryintroduction and scenario briefing (15 minutes)
o Frame the options: group agrees on the option or options to be tested (15 minutes)
o Test option against scenario one (15 minutes)
o Test option against scenario two (15 minutes)
e Testoptionagainst scenario three (15 minutes)
e Testoptionagainst scenario four (15 minutes)

e Cross-scenario synthesis: which options hold up, which fail, which need modification
(20 minutes)

o Close and next steps (10 minutes)

Facilitation notes

Before starting, agree on evaluation criteria. Feasibility, legitimacy, effectiveness, and risk of
unintended consequences are areasonable default set but can be adapted to the specific
policy question.

Push participants to be concrete: what specifically would happen to this option under this scenario?
Watch for confirmation bias, in which participants judge options they favour as robust across all
scenarios; asking “under what conditions would this option fail” is a useful counterweight.

The synthesis stage is the most valuable part of the workshop and deserves protected time. Do
not let earlier discussion overrun.

Further reading

UK Government Office for Science. 2024. The Futures Toolkit, 2nd edition. Policy Stress-testing
chapter. Available at gov.uk.

European Commission Joint Research Centre. 2022. Stress-testing of policy options using
foresight scenarios: a pilot case. Available at publications.jrc.ec.europa.eu.

Technique 3: Backcasting

Backcasting works backwards from the scenario to the present. Given a scenario, participants
trace what would need to have been true earlier, in five-, three- and one-yearincrements, for
that scenario to have come about. The output is a timeline of leading indicators and near-term
decisions that would push the scenario toward or away from reality.

When to use it

When participants have responsibility for near-term decisions and want to identify what to
watch for. When the goalis to turn scenario planning into actionable early warning and near-term
action. When the workshop is intended to feed into monitoring frameworks, planning cycles, or
decision points that will occur before 2036.
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What it produces

Atimeline showing what would need to have happened at 2030, 2032, and 2034 for the
scenario to have arrived. Alongside the timeline, a set of near-term indicators to monitor and
near-term decisions to influence. Outputs are useful for early warning, strategic monitoring, and
identifying where to invest attention now.

What you need

One facilitator and one notetaker per group of up to twelve participants. Alarge timeline
template with markers for2036,2032,2030, and the present. Post-it notesin two colours: one
for events or conditions along the timeline, another forindicators or decisions to be captured at
the present-day end. Copies of the scenario briefing. Allow 120 minutes.

Suggested agenda (120 minutes)
o Plenaryintroduction and scenario briefing (10 minutes)

e Anchorthe scenario: group agrees on the specific features of the 2036 state to be
backcast (15 minutes)

e Work backwards to 2032: what would need to have happened between 2032 and 2036
(25 minutes)

o Work backwards to 2030: what would need to have happened between 2030 and 2032
(20 minutes)

e Break (5 mins)

o Work backwards to the present: what leading indicators are visible now and what near-
term decisions would influence the trajectory (25 minutes)

Synthesis: name the three to five indicators to watch and the three to five near-term
decisions that matter most (20 minutes)

Facilitation notes

Backcastingis harder for participants than the futures wheel. The intuition of tracing forwards
is more natural than tracing backwards. Expect the group to slip into forwards thinking and
gently redirect.

Prompts that help: “what would already have had to be true by 2032 for this scenario to arrive in
2036?” and “what evidence would we already be seeing today if this scenario were unfolding?”

The near-term end of the timeline is the most valuable output. Ensure the synthesis stage draws
out specificindicators and decisions rather than general observations.

Further reading

UK Government Office for Science. 2024. The Futures Toolkit, 2nd edition. Backcasting chapter.
Available at gov.uk.

United Nations Development Programme. 2024. Backcasting for Partnership Design, chapterin
the Foresight CPD Toolkit. Available at undp.org/future-development/foresight-cpd-toolkit.
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Adapting prompts to your audience

The prompts below can be substituted into the third-ring section of the futures wheel, into
the evaluation criteria of robustness testing, orinto the discussion of near-term decisionsin
backcasting, depending on the composition of the group.

Climate negotiators and climate-adjacent teams

How would this scenario reshape the politics of mitigation ambition? What does it mean for
climate finance flows? How might it affect the legitimacy of the Paris Agreement? Where
would loss and damage debates land in this future?

Foreign affairs and defence teams

How might this scenario reshape alliance structures? What new attribution and verification
challenges doesiit create? Where would intelligence priorities shift? What posture would you
expect from major powers and what does that mean for your country’s position?

Research funders and science governance bodies

What does this scenario mean for the social licence of climate research? How does it change
the risk profile of funding decisions? What new oversight functions would be needed and who
would control them? How would the line between research and deployment be policed?

Development and humanitarian organisations

Who in your portfolio is most exposed in this scenario? What changes in donor priorities would
you anticipate? How would this affect your relationships with partner governments? What new
humanitarian risks emerge and where?

Communications and strategic communications teams

What disinformation pathways open up? Which existing narratives become more orless
credible in this future? Where would you need to invest in audience research now to be ready?
What does prebunking look like in this scenario?

Translating workshop outputs into policy action

Workshops using this tool will generate material of different kinds: implications maps from
futures wheels, evaluation matrices from robustness testing, timelines and indicator lists from
backcasting. The value of that material depends on what happens next.

Immediate synthesis

Before participants leave the room, ensure the raw outputs are captured and shared.
Photograph flip charts, export shared whiteboards, and circulate the material to participants
within a few days. Memory of the workshop fades quickly, and participants who cannot
access the outputs afterwards willnot act on them.
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Where possible, identify a small group responsible for taking the outputs forward. Foresight
material without an owner tends to sit in shared drives unread.

Looking across scenarios

The most useful policy insights often come from patterns visible across scenarios rather than
from any single scenario. Ask which conditions, decisions, or capabilities appear as necessary
orvaluable in more than one scenario. These are candidates for near-terminvestment because
they pay off across futures rather than only in one.

Conversely, ask which conditions or decisions appear valuable in one scenario and
counterproductive in another. These are candidates for careful sequencing or conditional
planning: they should be pursued only when it becomes clearer which scenario is unfolding.

Identifying indicators to watch

Scenario workshops surface not only what different futures would mean but what current
signals suggest which future is unfolding. Compile alist of the indicators identified across the
workshops and assign responsibility for tracking them. Review the list at regularintervals to see
whether particular scenarios are gathering evidence over time.

Feedinginto strategy and decision processes

Workshop outputs are most useful when they feed into existing strategy or decision processes
rather than becoming standalone reports. Identify the specific processes the outputs should
inform (planning cycles, decision memos, strategy refreshes, budget submissions) and prepare
short syntheses tailored to each.

Where workshop outputs surface disagreement within the team, treat that as valuable
information ratherthan as a problem to resolve. Disagreement often points to the assumptions
and value judgments underlying a policy question, and those are worth surfacing explicitly in any
subsequent decision.

Repeating the exercise

The scenarios are stable but the conditions surrounding them change. Repeat the exercise at
intervals appropriate to the pace of change in your policy area. For SRM governance, an annual
or biennial refreshis likely to be useful. Betweenrefreshes, use lighter-touch check-ins to
review indicators and revisit any options that have moved.
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Surfacing critical uncertainties

A key goal of foresight processes is to surface critical uncertainties.
Some prompting questions to uncover these might include:

» How might commercial interest and investment in SAl change the forums within which
SAl governance negotiations progress?

o Who has the legitimate authority to make decisions about the global atmosphere -
and through what process?

e The distinction betweenresearch and deployment matters enormously for
governance, but there is no shared international taxonomy defining what constitutes
small-scale research versus large-scale research or deployment-relevant activity.
How should this grey zone be managed, and by whom?

e How cantheinternational community manage free-driver actions by small states or
private actors?

o How might accelerating and increasingly extreme impacts of climate change affect
public and political attitudes towards SAI?

e How can governments and scientific institutions communicate complex risk and
uncertainty to publics?

o What governance design choices, including transparency, registries, and participatory
deliberation, become more orless workable in a contested information environment?
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