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Solar geoengineering maintains a vocal presence as a stop-gap measure in assessments of climate
and sustainability action. In this paper, we map prospective benefits and risks, and corresponding
governance approaches, regarding three major proposals for solar geoengineering (stratospheric
aerosol injection,marine cloud brightening, and a space-based sunshield).We do soby engagingwith
44 focus groups conducted in 22 countries split between the global North and South. We compare
results against previous research on the public perceptions of solar geoengineering as well as wider
activities in assessment, innovation, and decision-making. We find that global South groups exhibit
greater hope but an arguably richer range of concerns for solar geoengineering, in the context of
observable inequities in climate action and potential geopolitical conflict. Meanwhile, a strong, global
preference formultilateral coordination and public engagement from the conduct of research onwards
is offset by skepticism of effective multilateralism and public discourse.

Solar geoengineering—a set of hypothetical or unscaled proposals for off-
setting global warming by reflecting incoming sunlight and lowering tem-
perature at regional to planetary scales—maintains a vocal presence as a
stop-gap measure in future climate and sustainability action1. Recent years
have beenmarked by indications of solar geoengineering’s rising profile and
high stakes. Under such circumstances, a key dimension of assessment has
been the conduct of public perceptions studies and wider forms of
engagement. Public perception exercises have been largely funded by and
conducted within the US, northern Europe, and Japan; yet, with pro-
spectively planetary impacts, there is an arguable need to expand mean-
ingful debate globally2. Still, many fear that geopolitical and commercial
imperatives will further complicate how solar geoengineering is advocated
for anddeveloped, andhow engagement and consent frompublic across the
global North and South will be sought3,4.

Public perceptions of solar geoengineering have been predominantly
conducted through surveys, seeking aggregate preferences of national
publics on several key themes: topical familiarity, support for solar geoen-
gineering in comparison to other forms of climate action, the conduct and
location of field experiments, prospective risks and benefits, and trust in
kinds of governance actors5–12. A smaller body of works has explored these
questions through deliberative focus group13–17 or mixed methods18,19,
seeking additionally to trace rationales and reasonings behind preferences,
and to counter acquiescence bias and other framing issues that emerge in

survey work. To focus group efforts can be added engagements that focus
not only on generalmembers of the public but include experts and decision-
makers20,21 or participants with expertise or organized interests22, to gauge
situated or context-specific perspectives.

Our study seeks to reinforce two broad movements. Firstly, a first
wave of engagements emphasizing technical questions of affordability,
effectiveness, safety, and timeliness as the basis for public preferences was
criticized, and partially replaced, by a second wave emphasizing open-
ended deliberation of socio-political concerns, grounding in the larger
context of climate action, and ‘uncoupling’ from the perceived necessity
of integration into policy23. Secondly, responding to calls to correct the
endemic shortfall of global South representation in assessment2,24–27,
studies are increasingly expanding in that direction12,17,28–30. Our assess-
ment explicitly focuses on positions of the global South compared with
the global North.

To ground our study, we engage with the public perceptions literature
to see how a broadened set of publics nuances its most prevalent findings.
Publics tend to cite lower familiarity and support for solar geoengineering in
comparison to other climate action measures18,19, citing a failure to reduce
emissions or unsustainable behavior at source, geopolitical implications,
and environmental impacts, as well as revealing a bias towards naturalistic
framings of climate action7,14,17,31,32. On the other hand, public support is
impacted by perceptions of the seriousness of climate impacts7,32,33, exposure
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to media coverage and prominent frames that have emerged in different
contexts30,33–35, and whether solar geoengineering is viewed distracting from
mitigation efforts. This lattermost dimension is known in expert assessment
as mitigation deterrence36,37 although some studies contest its veracity38–40,
and others argue that recognizing the possibility should spur stronger cli-
mate action41.

Another key theme is on preferences for governance. There is a
longstanding literature on proposed forms and functions of solar geoengi-
neering assessment42 and governance43, ranging from frameworks for
research44 and experimentation45 to templates based on international treaty
regimes46, to more polycentric arrangements47. Public perception studies
show support for international coordination over upstream stages of
research andfield tests as well as deployment14,31,47, ormap trust for different
political institutions and actors, including industry and academia6,8,32.
Comparatively few (but contemporarily relevant) studies focus on percep-
tions of the implications of (hypothetical) field experiments in Japan17 and
the UK16,48, which (elsewhere) have spurred social opposition and debate
over appropriate governance45. Common themes include the degree of trust
in the actors conducting the experiment, and how the near versus longer-
term and physical versus societal implications of the experiment are defined
and deliberated.

In this paper, we explore a range of public perceptions and delibera-
tions across the global North and global South regarding prospective ben-
efits, risks, and corresponding governance of three major types of solar
geoengineering. The first, stratospheric aerosol injection (SAI), dominates
discussion—assessed as having planetary scope, comparatively low direct
implementation costs, and high leverage in lowering temperatures49–54. The
second is marine cloud brightening (MCB), a regional approach that pro-
poses to heighten cloud albedo52,55–58. The third is space-based geoengi-
neering, anewer entrant to thefield proposing a reflective shield constructed
in outer space between the Earth and the sun—supported as part of longer-
term efforts to economize or populate space but questioned for its infra-
structural requirements59,60. The political implications of all three types
remain deeply uncertain. Summarized in Table 1, we choose these three
approaches for a balance between planetary versus regional scopes of
deployment, high versus low attention in major reports, and characteristics
and locales of infrastructure.

We engage with 44 focus groups (1 urban, 1 rural) in 22 countries,
representing every inhabited continent (9 in Europe, 1 in North America, 3
in Latin and South America, 3 in Africa, 2 in the Middle East, and 4 in the
Indo- and Asia-Pacific). To nuance our geographic and political repre-
sentation, we divide these countries into three groupings: the global North
(Australia, Austria, Germany, Switzerland, Poland, Spain, Italy, Norway,
Sweden, the United Kingdom or UK, and the United States or US), the
emerging South (South Africa, India, China, Indonesia, Chile, Brazil, Tur-
key, and Saudi Arabia), and the developing South (Kenya, Nigeria, and the
Dominican Republic).We use the rough distinction between emerging and
developing economies used by the International Monetary Fund’s World
Economic Outlook reports61 to imperfectly acknowledge intra-South
differences.

Our study follows a prior survey-based study30 as part of a mixed-
methods framework—with the survey sourcing nationally-representative
preferences, and focus groups uncovering rationales and processes of rea-
soning that underpin preferences. Participants totaled 323, with 5–8 per
group. Overt climate denialism was screened out from prospective parti-
cipants, and groups were further screened for splits across gender, age
cohorts, education level, income, occupation type, and region of residence
(the latter four tailored by country). Informationalmaterials (translated into
national languages) were distributed to participants a week before meeting,
with encouragement to discuss with one’s local community. In-meeting
questioning and deliberationwas based on prospective benefits and risks, as
well as corresponding governance; the guiding logic was to focus con-
versation on actors, actions, and agendas at themost tangible scale possible.
The recorded transcripts were analyzed in two parts: using qualitative data
analysis software MaxQDA to code cross-country themes organized
according to the questions, followed by country-by-country analyses.

Highlighting similarities and differences between the global North,
emerging South, and developing South, we map how technical and societal
issues raised by focus groups translate to preferences and degrees of trust for
actors from different sectors (scientific, civic, industry, policy) and scales
(local, national, intergovernmental), mechanisms of assessment, funding,
innovation, and policy, and governance rationales. Our discussion com-
pares focus group perspectives on the prospective development or deploy-
ment of solar geoengineering approaches to expert debates and on-the-

Table 1 | Selection of solar geoengineering types

Stratospheric aerosol injection (SAI) Space-based geoengineering
(space shield)

Marine cloud brightening (MCB)

What and how
(characteristics of
infrastructure)

Deploys modified aircraft to spray reflective
aerosols into the stratosphere, creating a
reflective layer.

Building a complex reflective
architecture in outer space at Lagrange
Point 1 between the Earth and the Sun.

Deploysmodified ships to spray sea salt into the
air over the oceans to brighten clouds,
enhancing reflectivity.

Where (locales of
infrastructure)

Stratosphere. (Uneven) effects of deployment
depend heavily on locations where aerosols are
injected. Bases and infrastructure must be
accordingly distributed.

Space. Requires a functioning space
economy that would be orders of
magnitude larger than what currently
exists.

Certain coastal areas—e.g., west-coastal sub-
tropical zones. Viable locations may be limited;
subject to fundamental technical/physical
uncertainties, especially regarding cloud (micro)
physics. Bases and infrastructure must be
accordingly distributed.

Planetary versus
regional physical
implications

Planetary—atmospheric currents will carry
particles around the planet regardless of entry
point. Cooling effects (e.g., temperature and
precipitation) will be heterogeneous, and the
geographic point of deployment will further
determine variations in effects.

Planetary. Cooling is modeled to be
globally homogenous.

Regional, but still transboundary. Cooling and
effects will be heterogeneous, and there are
uncertain effects and feedbackbeyond the initial
area of cooling.

Attention in major
reports

Predominant solar geoengineering approach
due to low implementation costs and swift,
planetary leverage on temperatures. Central
place in major reports.

A niche area of prospection in the
aerospace industry. No attention in
major reports on solar geoengineering.

Longstanding attention as a regional approach
applicable to certain coastal areas.
Supplementary place in major reports.

Recent events Clandestine and commercial small-scale tests.
Primary technical/modeling assessments taking
place in US academic networks. Some global
governance advisory bodies are drafting
anticipatory principles or reports to ground
future engagement.

Receiving a degree of contemporary
discussion due to proposed escalation
of (private) space economy.

Small scale tests as part of Australian Reef
Restoration and Adaptation Program to protect
the Great Barrier Reef.
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ground developments regarding foundational assessments and experi-
ments, research governance, and governmental or intergovernmental
decision-making. In conclusion, we outline four rationales to guide further
assessment, based on matching our results against our evaluation of the
current governance landscape.

Results
Rather than creating separate sub-sections for SAI, space-based geoengi-
neering, and MCB, we report on all three together. This is because (with
certain exceptions), participants discussed complexes of hope, concern, and
preferred governance that are robust across solar geoengineering approa-
ches. In Table 2, we show that focus groups referred to solar geoengineering
as a broad climate action strategy or category as much as or more than
individual approaches, and saw overarching, shared characteristics of solar
geoengineering as meaningful. Most often, these describe the process
(shading sunlight) or envisioned implications (reducing or multiplying
climatic or societal harms), as well as how solar geoengineering broadly
affects efforts to reducing emissions or could be affected by corporate
motives, geopolitics, or civic action. In Table 3, we show differences that
emerged between approaches were variations on the same theme.

We structure our results as follows. Firstly, we highlight potential
synergies or trade-offs with wider climate and sustainability action. Sec-
ondly,wehighlight key hopes and concerns. Finally, wemove to prospective
or existing governance, and the roles, processes, and rationales of

overlapping sectors in assessment, industry and innovation, (inter)gov-
ernmental action, and public. Our reporting navigates two needs: sum-
marization versus allowing participants to speak in their ownwords. In text,
we deploy summary descriptions of themes, but make use of extensive
quotations inTable 4 (climate and sustainability action), Table 5 (hopes and
concerns), and Table 6 (governance) to give a sense of the diversity and
depth of deliberations.

Synergies or trade-offs with wider climate and
sustainability action
A clear juxtaposition emerged on the relative importance and relation
between tackling the symptoms versus root causes of climate change and
unsustainability. Emerging global South groups exhibited comparatively
stronger representation for tackling the symptoms of global warming, pri-
marily citing the need to dampen the severity of experienced or projected
impacts, and secondarily implying that there was (or should be) no clear
trade-off between reducing impacts and emissions. For a smaller but
North–South crosscutting plurality, solar geoengineering might buy time
for more comprehensive decarbonization efforts, implying a potential
synergy between tackling symptoms and causes. This perspective had key
nuances in the global South context, with participants arguing that the
globalNorthholdsprimary responsibility forhistorical emissions and future
reductions (Brazil, Urban), or that solar geoengineeringmight buy space for
developing countries to further industrialize (China, Urban). The largest

Table 2 | Perceived similarities between solar geoengineering approaches

Perceived similarities between
approaches

Solar geoengineering, solar radiation management, or sunlight reflection methods as an umbrella category

Process Shading sunlight—the exact mechanism is less relevant than the general concept.

Ideal outcomes versus skepticism Ideally, reducing climate and societal harms; but accompanied by deep concerns about uneven and unforeseen climatic
impacts, profit motives, and geopolitics.

Relation to climate action Couldbuy time for decarbonization. Need to tackle impacts aswell as causesof climate change.Could delaydecarbonization
(mitigation deterrence).

(Geo)politics Profit-seeking incentives from innovators. Countries will likely design deployments to their own benefit. Feeding or creating
geopolitical rivalries. Technology race. Conflicts over siting of infrastructure. More discussion of geopolitical risk for SAI and
space-based sunshield than for MCB.

Public consultation Likely that technology capable industries and governments will make decisions, but public who are affected (regardless of
being from a tech-capable country) should be consulted. Desire for (innovating new forms of) global consultation offset by
apathy and powerlessness, trust in government, and fear of technical complexity.

Table 3 | Perceived nuances between solar geoengineering approaches

Perceived nuances
between approaches

Stratospheric aerosol injection (SAI) Space-based geoengineering (space shield) Marine cloud brightening (MCB)

Energy, resources,
infrastructure

Infrastructure-extensive and energy-intensive. Speculation over need of space economy.
Especially, and for many prohibitively,
infrastructure-extensive and energy-intensive.

Less infrastructure-extensive and
energy-intensive.

Key actors Global powers, aerospace industry. Global (space) powers, aerospace industry,
particularly emerging private space sector.

More feasible by smaller (groupings
of) countries or (can be
commercialized) by corporations.

Scale and leverage
-impacts on side effects
and geopolitics

Planetary reach implies greater climatic leverage,
but more complex side-effects and politics.

Planetary reach implies greater climatic leverage,
but more complex side-effects and politics.

Regional scale implies lesser
leverage, but less complex side-
effects and politics.

Field experiments Small-scale tests needed—but (incongruously)
to test widespread impacts.

Difficult to imagine how impacts testingwould take
place beyond simulation.

Small-scale tests needed – but
(incongruously) to test widespread
impacts.

Multi-lateral governance Global cooperation viewed as necessary but
unlikely—due to geopolitics first, and cost
second. Twice as much support for
multilateralism compared to MCB (as a regional
approach).

Global cooperation viewed as necessary but
unlikely—due to geopolitics and costs equally.
Twice as much support for multilateralism
compared to MCB (as a regional approach).

Regional cooperation viewed as
more feasible.

Public consultation Global public consultation viewed as less
feasible (even if desirable), defaults to
governmental decision-making. Sense of
powerlessness especially strong.

Global public consultation viewed as less feasible
(even if desirable), defaults to governmental or
space-industry decision-making. Sense of
powerlessness especially strong.

Stronger sense that affected
publics can be heard due to
regional scope.
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plurality—across North and South groups, and frommost emerging South
countries—posed a trade-off between symptoms and causes: that there is
not only a need to address underlying systems of resource extraction and
human industry and consumption, but that solar geoengineering might
prolong such activities (the well-documented ‘mitigation deterrence’
concern).

Scale and leverage
Another key juxtaposition emerged on scale and leverage as criteria for
preferences between planetary versus regional approaches. For some par-
ticipants—represented strongly within urban groups in the South—global
reach and swift climatic effects were cited as a benefit, with MCB being
relatively deprioritized due to its more regional scale. For some (e.g., Kenya,
Urban), this was connected to a sense of unequal deployment capacity, and
that vulnerable regions might benefit from a global deployment led by
technologically capable countries. Others—with comparatively stronger
representation in global North groups—emphasized the double-edged
nature of planetary approaches: that they would also implicate a greater
range of geopolitical rationales and complications (see Geopolitics and
inequity). In this sense, MCB was favored as an archetype of local-to-
regional action, and envisioned as more targeted, contained, and if need be,
more incrementally scalable.

Harms alleviated
Efforts to envision the key harms of climate change that would ideally be
alleviated by solar geoengineering were surprisingly vague, given how pre-
cise background deliberations on experienced or projected climate impacts
were. The most common response was a hope for widespread benefits: that
human civilization and nature, broadly stated, could holistically benefit.
This hints at somedifficulty in imagining the reality of an engineeredclimate
or the processes of sunlight reflection. At the same time, the most cited

envisioned benefits were the alleviation of heat stress and improving food
security. The latter was particularly well represented across the emerging
and developing South as a direct concern, but with global North groups also
citing food security as a systemic issue across global supply chains. Some,
however, questioned the benefits and motives for large agribusinesses
(Brazil, Urban), as well as whether an engineered climate would force
growers to alter crops that they had adapted to a warming climate
(Spain, Rural).

Side effects and infrastructure demands
An overwhelming majority of global North groups skeptically referred to
solar geoengineering as sciencefiction—to space-based geoengineeringfirst,
SAI close behind, and MCB a distant third. By comparison, three global
South groups did so. An obvious context is that science fiction is primarily a
cultural medium in the global North, but it also hints at connecting delib-
erations in which global South groups—particularly urban groups in the
emerging South—demonstrated a stronger optimism in technological
innovation and capacity. Moreover, there were minority uses of this trope
beyond expressing skepticism: positively, with some noting that socio-
technical systems once described as science fiction are now everyday rea-
lities, as a tool for anticipating future politics, or for comparing climate
action options.

Every group deliberated on the potential side effects, uncertainties, and
knowns of deploying or even considering solar geoengineering. The greatest
degree of questioning emerged on unequal cooling and deeply uncertain
knock-on environmental and societal effects, with many groups extending
this concern beyond unintended side effects to deliberately induced unequal
effects tied to geopolitical agendas (see Geopolitics and inequity). A key
concern (re)emergedon food security,with concerns about unequal impacts
on regional agricultural conditions offsetting previously noted hopes. Some
noted that uncertainty over impacts disadvantaged vulnerable countries or

Table 4 | Synergies or trade-offs with wider climate and sustainability action

Theme Countries and focus groups (R for Rural, U
for Urban)

Representative quotes

Tackle symptoms North (5/11 countries): Australia R, Norway U, Poland
U, Spain R+U, UK U

Emerging South (7/8 countries): Brazil R+U, China
R+U, India U, Indonesia R, Saudi Arabia U, Turkey R

Developing South (1/3 countries): DR R+U

Yes. We shouldn’t go for only one way, we can’t just attack the cause (of global
warming), both things (addressing both causes and symptoms of global
warming) must happen at the same time…Maybe it (solar geoengineering) will
not solve it (global warming), but at least soften it (Brazil, Urban)

Buy time North (6/11 countries): Australia R+U, Germany U,
Italy U, Norway R+U, Sweden U, UK R+U

Emerging South (3/8 countries): Brazil U, China U,
South Africa R+U

Onus on global North:We can see now in theCOP that it’s hard for the countries
to agree on reducing the emission of carbon dioxide, the richest countries don’t
want to deal with it, so the interesting part of these ideas is working directly with
the effects while there’s no agreement regarding the emission. It’s a solution for
the short or mid-term. I think the benefit here is having a solution for the
consequence while working to solve the real problem. (Brazil, Urban)

Buying space for industrialization: If it is beneficial, I personally think it is more
beneficial to developing countries, because does not need to reduce carbon
emissions, and can let developing countries continue their own industrial model
to develop. For developed countries, it has reached an advanced level of
development…. (the) advantage that it (solar geoengineering) does not control
carbon dioxide emissions, and thus less affects manufacturing industries in the
world conducted by us. (China, Urban)

Need to address root causes/
Mitigation deterrence

North (7/11 countries): Austria R, Germany U, Italy U,
Spain R+U, Sweden R+U, Switzerland R+U, UK
R+U,

Emerging South (7/8 countries): Brazil U, Chile R,
China U, Indonesia U, Saudi Arabia U, South Africa R,
Turkey R

Need to address root causes: By reducing the solar radiation hitting the earth, it
would reduce the greenhouse effect. It would re-stabilize the temperature…
But, it wouldn’t be happening if we keep doing this system where we would
waste energy, throwing garbage everywhere, using non-degradable trash. It
helps. But, still. We have to help and do our part by not throwing trash
everywhere, by using recycle-able goods, not using plastics, not using anything
that would leave such an industrial waste. (Indonesia, Urban)

Mitigation deterrence: All three approaches are the same… What happens is
that pollution is already in the world, if the temperature goes down we are going
to relax and there will continue to be pollution, we will continue to produce
plastics, we will continue to do the same and global warming will return. The
solution of themirror, the clouds, the boat… are not feasible, theywill generate a
little change but not the change that is needed for us to live well. (Chile, Rural)
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Table 5 | Key hopes and concerns

Theme Countries and focus groups (R for Rural, U for Urban) Representative quotes

Scale and leverage North (6/11 countries): Australia R, Austria R+U, Germany
R+U, Italy R+U, Poland R+U, Sweden R

Emerging South (4/8 countries): Brazil U, China U, India U,
South Africa U

Developing South (3/3 countries): DR R, Kenya U, Nigeria U

Preference for global scales: I’ll gowith stratospheric aerosol injection
and space-based geoengineering… temperatures will drop globally,
not only locally. I would totally disagree with the marine cloud
brightening if I’m talking on behalf of Kenya (because) it really benefits
a very small piece of region… So, I’ll go for (SAI and space based
geoengineering) because should the different governments and
different stakeholders globally come together and they put this into
effect, it would mean that we would also benefit from that. (Kenya,
Urban)

Preference for regional scales: MCB could be smaller scope, for
example, regarding cooperation to organize actions on this issue. It is
already concrete – specific clouds in a specific space. Although the
rest of the world should also be addressed, maybe in such smaller
areas. (Poland, Rural)

Widespread benefits North (9/11 countries): Australia R, Germany R, Italy R+U,
Norway R+U, Poland R+U, Spain R+U, Sweden R+U, US
R, UK R+U

Emerging South (8/8 countries): Brazil R+U, Chile R+U,
China R+U, India R+U, Saudi R+U, South Africa R, Turkey
R+U

Developing South (3/3 countries): DR R+U, Kenya R+U,
Nigeria R+U

We humans will get the benefits – plants, all aspects of the
environment, and climate will also benefit! (China, Rural)

These are meant to be global, so everyone on the planet would stand
to gain from all of these actions, I think. (Norway, Rural)

Everyone does, the environment benefits, human beings benefit, I
think everyone benefits. (Saudi Arabia, Urban)

Alleviate key harm: Heat stress North (5/11 countries): Germany U, Norway R+U, Spain U,
Sweden U, US U

Emerging South (3/8 countries): China R, India U, Saudi Arabia
R+U

Developing South (3/3 countries): DR R+U, Kenya R,
Nigeria R+U

You know, we’ve also been breaking (temperature) records down
here. So that will be very helpful especially to a lot of populations, like
the elderly population. And you know, people don’t have air
conditioning in the summer. (US, Urban)

Alleviate key harm: Food
security

North (6/11 countries): Australia U, Germany U, Norway R,
Spain R+U, Sweden R, UK R+U

Emerging South (6/8 countries): Brazil R+U, IndiaU, Indonesia
U, Saudi Arabia R+U, South Africa U, Turkey U

Developing South (3/3 countries): DRR, KenyaR+U,Nigeria U

Subsistence effects: Especially when you talk about Kenya because
100%, we depend on the rainfall and if you check here one of the
biggest effects is the rainfall. Would that have a negative effect on the
farmers andpeoplewho rely on, onagriculture for thatmatter? (Kenya,
Urban)

Systemic effects: There are other places where it’s perhaps not a life-
threatening crisis directly, but that the changes in temperature and
climatemakes it so that you can no longer harvest or sow or breed the
way they’ve always done. This again would affect the price of foods,
so it’s a broad-based influence. (Norway, Rural)

Science fiction North (11/11 countries): Australia R+U, Austria R+U,
Germany U, Italy R+U, Norway R+U, Poland R+U, Spain
R+U, Sweden R+U, Switzerland R+U, UK U, US U

Emerging South (3/8 countries): Brazil U, South Africa U,
Turkey U

Reflecting skepticism: This is Star Trek style, putting a giant mirror in
space to reflect sunlight. This is not something that will happen in our
lifetime, let’s not kid ourselves. Perhaps our children will live to see it,
grandchildrenmaybe. Also, when you see the scale, at least how I see
it, it seems so unreal, so cost-producing that other methods seem
more reasonable than putting all our resources into something like
this. (Poland, Urban)

Reflecting innovation:… this is more science fiction, more impactful;
but I wouldn’t underestimate it at all. Speaking about the future and
thinking about the future, we plan new and innovative things so I think
it could be a valid alternative. (Italy, Rural)

Unequal cooling,
environmental and societal
effects

North (8/11 countries): Australia R+U, Austria R, Germany
R+U, Norway U, Spain U, Sweden R, Switzerland U, UK U

Emerging South (4/8 countries): China U, Indonesia R, South
Africa R+U, Turkey R,

Developing South (1/3 countries): Nigeria R+U

Unequal impacts: So, the sameway that it could be beneficial, it could
also be damaging for the environment because one doesn’t know
what the full consequences are, what the effects are going to bewhen
there is too little solar radiation, or the solar radiation is just limited to
certain regions. So, I think one basically creates the next climate
problem or environmental problem with that. (Austria, Rural)

Agricultural conditions: When you talk about SAI, given the fact that
temperature would not be equal in all countries, it is going to have an
adverse effect… Another thing is planting of crops. We are not
planting crops at the same time, because the rainfall they are having
there that is going to have positive effect on farm producemight have
negative effects on our own –becausewe are not planting at the same
time, and we are not experiencing the rainfall at the same time.
(Nigeria, Urban)

Uncertainty disadvantages countries with low adaptive capacity: I
suppose, if it works flawlessly then it would be the worst-off countries
that would benefit the most… But I suppose on the flip side… if there
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Table 5 (continued) | Key hopes and concerns

Theme Countries and focus groups (R for Rural, U for Urban) Representative quotes

were effects on crops and rainfall then it would be those countries
already struggling to grow enough food that would be impacted and
it’s the wealthier countries are more likely to be alright. (UK, Urban)

Energy and
infrastructure costs

North (9/11 countries): Australia R+U, Austria R+U, Germany
R+U, Italy U, Norway, U, Poland R+U, Spain U, Sweden
R+U, Switzerland R+U

Emerging South (6/8 countries): Brazil U, Chile R+U, China R,
India U, South Africa U, Turkey R

Developing South (2/3): Kenya U, Nigeria U

Energy, waste, siting: These three approaches… involve a large
amount of time and money because all of them need to have
aeroplanes or ships specifically for that. The space-based option
would also generate spacegarbage, soweare trying to clean the earth
by polluting other parts. And who will this benefit? We need to think
about social issues becausewherewould be the placeswhere thiswill
be implemented? (Brazil, Urban)

Connection to mitigation deterrence: I also think it’s a patch, it could
reduce temperatures, we could cool down the planet, but we’re not
tackling the source of the issue. The issue is carbon dioxide
emissions, and this won’t change if we don’t change the way we do
things. Besides, with these we need planes, infrastructures and
factories, which would emit pollution, and we don’t know about the
side effects either. (Spain, Rural)

Geopolitics North (10/11 countries): Australia R+U, Austria R, Germany
R+U, Italy R, Norway R+U, Spain R+U, Sweden R+U,
Switzerland R+U, UK R+U, US U

Emerging South (4/8 countries): Brazil R+U, Indonesia R+U,
South Africa R+U, Turkey R+U

Developing South (3/3 countries): DRU,Nigeria R+U, KenyaU

Countries will design deployment to their own benefit: I’m looking at
these strategies – for example aerosol injection – it can easily be
implemented by rich countries and themost impacts will be felt by the
poor countries… and if there are any side effects, they will be felt by
the poor because they don’t have resources for intervention. (South
Africa, Rural)

Unilateral action, geopolitical rivalries: It is a paradox that an
autocratically run country like China, or a country like America, which
occasionally flouts standards when it suits them, would bemost likely
to be able to go through with something like this. If the technology
were available and this country simply decides that something has to
bedonenow, it is possible that theywould simply do it…. That iswhy it
is very illusory being able to implement something like this in a
democratic way. (Switzerland, Urban)

Technology race: I think the second idea, the one about putting a
mirror in space, involves other interests than simply our individual
interests because only a few countries have the means to contribute
to this technology and it’s a race in terms of knowledge, technology,
the same way it was with Russia and the United States to land on the
moon first. This can be a new race. (Brazil, Urban)

Location of infrastructure: I don’t see this MCB coming to life, you
cannot share water, Russia, America, Ukraine, they have special
(territorial) waters, American ship or submarines cannot pass through
Chinese waters…This also has to do with airspace too…if Russian
aircraft are passing through America, if they want to go and put
particles there, theywill not allow it… if they don’t agree, they can start
another war. (Nigeria, Rural)

Unequal capacities North (9/11 countries): Australia U, Austria R+U, Germany U,
Italy R, Norway R+U, Spain U, Sweden R+U, Switzerland
R+U, UK R+U

Emerging South (5/8 countries): Brazil R+U, Indonesia R,
South Africa R+U, Turkey R

Developing South (3/3 countries): DR U, Kenya U, Nigeria R

Optimism about tech-capable countries: And automatically, these
countries should be wealthy countries. Even if it is, like, being
organized, for example in a… uh, like, we want to save earth. Like,
okay. Several spots are determined. And then, the ship/vessel/plane
designed to do the spraying, like, whether it could be that… okay,
countries such as UAE, maybe they could donate a certain amount of
funds. Also, Japan or from superpower countries–maybe these
countries could participate. Because automatically, developing
countries would be, like, it’s a bit difficult for these countries to
contribute. (Indonesia, Rural)

We need national or international partnerships… like what is being
done in Nigeria now… construction is being done in partnership with
the Chinese because (it) is capital intensive. (Nigeria, Urban)

Skepticism about tech-capable countries: There is also a big risk of
the South getting the damage that the North causes, like it is already
the case. The North is generating the most CO2 already, and this
would be a problemglobally. Africa would have the biggest problems,
probably. They do not have themoney to participate, and they are still
a far cry from what the West is doing. They probably do not have the
resources, financial and in general. I do not think the US or Russia or
China would say that they would just pay for Africa as well. They
always want to come first. (Germany, Urban)
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Table 6 | Governance

Theme Countries and focus groups (R for Rural, U for Urban) Representative quotes

Systemic and multi-
dimensional assessment

North (10/11 countries): Australia R+U, Germany R, Italy R, Norway
R+U, Poland R, Spain R+U, Sweden R, Switzerland U, UK R, US
R+U

Emerging South (8/8 countries): Brazil R+U, Chile R, China R+U,
India R, Indonesia R, Saudi Arabia R, South Africa U, Turkey R+U

Developing South (3/3 countries): DR R+U, Kenya R+U,
Nigeria R+U

Distribution and differentiation of impacts: The first thing I think is
that it needs research to be done in different levels, maybe to
research the people concerned, as well as scientific research, to see
if it is appropriate for particular regions. (China, Urban)

Whole systems risk assessment: A thorough plan on how it will
happen. The whole project from beginning to the end; who will do it,
where does material come from, what material it is. As mentioned,
whowill be themost affected, and the least affected, andwhowill win
themost, andwin the least. There has to be a real risk analysis over it.
(Sweden, Rural)

Avoid instrumental assessment: My expectation is that theories
need also opposing scientists making sure nothing goes wrong. I
want them to be able to think about the negative side of things.
Rather than saying why it can be done, I would expect research on
the part of why it should not be done or what kind of harm can occur
(Turkey, Urban)

Calls for small-scale tests to
gauge impacts

North (6/11 countries): Australia U, Poland R+U, Spain U, Sweden,
R, Switzerland U, US U

Emerging South (5/8 countries): China R+U, India U, Indonesia U,
Saudi Arabia U, Turkey R+U

Developing South (1/3 countries): Nigeria U

Scaling uncertainties: Certain things are so difficult to conduct
research on in a small and harmless scale, and then, to think that it
will be exactly the same when we do it in a thousand billion times
bigger scale… I don’t know. But it still feels really difficult to know
exactly how it will be later on. You research a small sample, and you
don’t always know how it will be later on. (Sweden, Rural)

Small(er) scale tests for impacts: Maybe a test in certain districts to
ensure it works. It has to be practical that it improves the weather as
well as not affecting productivity. That’smy thoughts. (China, Urban)

From my point of view, within the minimum scope to see a result, I
would test it in different areas around the globe. I would sample
farming areas, industrial areas, de-foresting areas, hot areas… The
idea is to test the efficacy of this technology, and in order to do sowe
need to test it in different ways (Spain, Urban)

I’m saying that a smaller-scale experiment should be done first. So
one country has to be selected. An experiment should be conducted
on that country. I think we should measure the harm and benefit for
this country and then decide on bigger projects. (Turkey, Rural)

Remote testing North (4/11 countries): Poland R+U, Spain R, Sweden U,
Switzerland U

Emerging South (2/8 countries): Saudi Arabia U, Turkey R

Developing South (1/3 countries): Nigeria U

If possible, they should test it on another planet first. (Nigeria, Urban)

I think this process should be executed first on a remote area that’s
suffering from global warming, an experiment at first on a small
remote area so that if the techniquehasnegativeoutcomes it doesn’t
result inmuch of it but a negligible effect, and to checkwhether these
negative impacts could harm people of residential areas. (Saudi
Arabia, Urban)

First mover innovation
(National and private
aerospace)

North (9/11countries): AustraliaU,AustriaU,GermanyR+U, ItalyU,
Norway R+U, Poland U, Spain U, Switzerland U, US U

Emerging South (4/8 countries): China U, India U, South Africa U,
Turkey U+R

Developing South (1/3 countries): Kenya U

It will definitely benefit the tech giants. Theywill add to their money. It
will be of use to scientists. There is a high cost to implement such
things. Requires a boost. Support is given on a country-by-country
basis. It will be beneficial for those who make money with these
transactions. What will it change in our lives? It won’t change
anything in the short term.Perhaps thesecostswill be reflectedonus
as a tax burden… Let’s say it’s a technology project that will come to
life in twenty years, how much will I benefit from it? Maybe he just
takesmoney out ofmy pocket for those twenty years. (Turkey, Rural)

Profiteering motives,
greenwashing, benefiting
from mitigation deterrence

North (9/11 countries): Australia R+U, Austria U, Germany U,
Norway R, Spain R+U, Sweden R+U, Switzerland R, UK U, US U

Emerging South (2/8 countries): South Africa U, Turkey U

Developing South (1/3 countries): DR U

Patenting: I think the important issue will be around the patent of the
technology because this is the technology that is supposed to save
the world. So the hope is that whoever develops the technology will
openly share so that everyone can create the technology can be
used more widespread. Because if it’s only one country that has the
technology then theywouldmonetize it and they can use it whatever
way they feel is beneficial to them. (South Africa, Urban)

Profit-driven deployment, MCB: I’m just thinking of these, like super
big companies like the oil rig companies, not necessarily oil rig
companies, but companies that have that amount of money. That
would be doing that. The marine cloud brightening… they’d be like,
privatizing it because that’s on a smaller scale, offering it to like the
small communities and countries and everything. (US, Urban)

Mitigation deterrence: High-level companies like petrol companies
could benefit from it, not only in terms ofmoney but also indirectly, in
the sense of less pressure and continuing with their work.
(Spain, Urban)
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Table 6 (continued) | Governance

Theme Countries and focus groups (R for Rural, U for Urban) Representative quotes

Global collaboration/
coordination to manage
geopolitics

North (11/11 countries): Australia R+U, Australia R+U, Germany
R+U, Italy U, NorwayR+U, PolandR+U, Spain R+U,SwedenR,
Switzerland R, UK U, US R+U

EmergingSouth (4/8 countries): Brazil R+U,ChinaR+U, Indonesia
U, Turkey R+U

Developing South (3/3 countries): DR R+U, Kenya U, Nigeria R

You can’t go beyond the border (of countries) and do something in
other places that belong to others…. It must (also) be done
(managed) by the state, which has the power/capability of sending
ships to do it, such as the Liaoning or Shandong (the Chinese navy’s
aircraft carriers). (China, Rural)

And if we’re going to bring in all these other countries, whichwewant
to because it’s not just the United States, it’s South America, North
America, Antarctica. It is a global issue. We have got to bring
everybody to the table, and we have to have everybody on the same
page. (US, Urban)

I think that all administrations should agree on this, because it is a
global issue, likewith thatCOVIDvaccination. Everyone had to agree
to some extent, andmost countries were in line. If all administrations
leave their ideas aside andunderstand this is a global issue, therewill
come a point they will agree. (Spain, Urban)

Global commons SAI:… no one pays taxes in the stratosphere, it’s everyone….so I
think there must be a unity of different countries. (Brazil, Urban)

Space shield: No one actually owns space…For now, there needs to
be an organization that has a wide reach, for instance the UN.
(Norway, Rural)

MCB: Because legally speaking, the open sea doesn’t belong to any
state… everyone needs to be involved in this decision.
(Austria, Urban)

Affected should participate in
governance

North (10/11 countries): Australia U, Austria R+U, Germany U,
Norway U, Poland R+U, Spain R+U, Sweden R+U, Switzerland
R+U, UK R, US U

Emerging South (2/8 countries): China U, Turkey R+U

Developing South (1/8 countries): Kenya U

Everyone is affected. It is a global problem and with the injections
and everything, it cannot be that the big countries decide to simply
inject something into the air, because it affects everyone and not just
the countries deciding. (Switzerland, Urban)

Responsibility to help
vulnerable

North (3/11 countries): Germany U, Norway U, Switzerland U

Emerging South (1/8 countries): South Africa R

Developing South (3/3 countries): DR U, Kenya U, Nigeria U

There needs to be a global project, something like a fire brigade for
poor countries. If New York is in danger, there will be enoughmoney
for dams or other projects. This should be supranational because an
African country at the coastwould not have a chance. TheUNshould
do it on behalf of the whole world. (Germany, Urban)

I think the multinational bodies should come in and support NEMA
(National Emergency Management Agency) because the
government cannot do it alone, not this government that we have.
(Nigeria, Urban)

Global multilateral framework
is the ideal form to fit multiple
functions

North (10/11 countries): Australia R+U, Austria R+U, Germany
R+U, Norway R+U, Poland R+U, Spain R+U, Sweden R+U,
Switzerland R, UK R+U, US R+U

Emerging South (6/8 countries): Brazil R, China U, Indonesia R+U,
Italy R, South Africa R, Turkey R+U

Developing South (3/3 countries): DR R, Kenya U, Nigeria R+U

World Health Organization as template: There is the World Health
Organization now… I mean it’s unquestionable, it made great
contributions to management. And can you imagine that such
organizations exist, that there are people who are really trained in
such organizations? … as the process progressed, I think people’s
perceptions really started to improve with the explanations. In the
same way… governmental control and funding can be formed,
commissions can be formed. (Turkey, Rural)

Regional coordination for MCB: I think it could have co-operation
among different countries. For example, it could have New Zealand,
and Australia cooperatingwith Pacific Island nations,maybe nations
like Indonesia, Papua New Guinea, taking one big whole region and
cooperating or just within neighboring countries. (Australia, Urban)

Consensus difficult, global
frameworks Implausible

North (5/11 countries): Australia R, Austria R+U, Germany U, Spain
R, Sweden R

Emerging South (2/8 countries): China R+U, Brazil R

Developing South (1/3 countries): Nigeria R

Well, it is the conflict between natural science (meaning: technical
assessment) and social science (meaning: corresponding laws and
regulations)…because the development of social sciences and
global governance have not reached such an advanced level. (There
is a) lack of the same international laws and regulations across
countries. If the United Nations General Assembly can pass an
international law, of course, (but) the United Nations General
Assembly has no right to pass a national law. (China, Urban)

Stronger consultation of
publics in risk assessment

North (5/11 countries): Australia R,GermanyU, PolandU, SwedenR,
UK R

Emerging South (8/8 countries): Brazil R+U, Chile R, China R,
Indonesia R+U, Saudi Arabia R+U, South Africa U, Turkey U

Developing South (3/3 countries): Nigeria R, Kenya U

Remember, any decision that you will take… it does not matter
whether it will be taken by professional astronomers (meaning:
technical experts), or whoever calls shots at the end of the day, it
affects people on the ground, just educate the people on the ground,
yes, and give people a chance to, participate and have an input,
whether they go along with it, or the opposite side. I can give an
example like COVID… when most of the people raised their voices,
they were not listened to, and thought to be out of line. Those things
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populationswith lower capacity to adapt to change, especially in the context
of food security.

Groups across the global North and South widely questioned the
energy and infrastructural costs of solar geoengineering options. Unsur-
prisingly, the greatest degree of skepticismwas reserved for the space-based
option,withparticipants struggling to comprehend the scale of its associated
economy, and further questioning howmuch space debrismight be created.
However, participants applied comparable critique to SAI and MCB,
questioning the costs andmaterial demands for adapted aircraft or ships, the
degree of innovation required, the locations for basing these vehicles (and
the politics of siting), and the energy costs and emissions that would result
frombuilding and deploying such systems over extended periods. For some,
this re-connected to concerns that all solar geoengineering options pose a
trade-off with the fundamental logic of addressing the root causes of global
warming.

Geopolitics and inequity
Most of the global North and developing South groups highlighted geo-
politics: that wealthier, technology-capable states would inevitably shape
deployment to their own benefits, or that incentives to do so would spur
unilateral, club-based, and/or competing deployments and ensuing conflict.
These concerns were shared by a strong plurality of emerging South groups
– although (interestingly) no one in Indian or Chinese groups spoke to
them. Other key themes emerged on the potential for a technology arms
race, the underpinning context of resonant geopolitical rivalries (with
combinations of China, theUS, andRussia being themost cited, though not
by Chinese and American participants), fears of weaponization or militar-
ization, and potential conflicts over the location of infrastructure (e.g., bases
and launch sites, or deployment zones).

Unequal capacitieswere acknowledgedbygroups frommost countries,
including all three developing South states, questioning if poorer countries
would have the capacity to deploy any of the three approaches, or influence
the planning of states that could. Groups from across North and South
expressedhope thatwealthier countrieswould seek aglobally equitable setof
climate outcomes in deployment. In global North groups, this was more
often coupled with skepticism. Developing South groups could be more
optimistic, sometimes citing economic development projects and aid.

Assessments and experiments
Groups from almost every country supported the conduct of systemic and
multi-dimensional assessment, regardless of approach. Rationales covered
technical and socio-political queries, as well as distributive and procedural
demands: determining the distribution and impacts of shading across and
within countries, calculating infrastructural costs and (extraction and
locationof)material resources, awhole systemsperspective that emphasized
impacts on different countries and societies through relief or worsening of
vulnerabilities (e.g., health, agriculture, political corruption, introducing or
exacerbating conflict), and constructing processes to integrate such assess-
ments with international decision-making.

Twobroad themes emerged. Inputwas strongeron function than form:
perhaps unsurprisingly, participants deliberated with greater confidence
and detail on what an ideal mode of assessment should do, rather than the
processes or institutions by which it should be. Secondly, whether partici-
pants were hopeful or skeptical of solar geoengineering, envisioning the
conduct and feasibility of coordinated global assessment tended to be more
cautious than instrumental towards deployment. This reflected strong trust
in scientists or expertise (broadly stated)–but less confidence in the capacity
for intergovernmental cooperation or industry motives, to which scientific
assessment was often contrasted.

Groups from a strong plurality of countries across North and South –
with most countries from the emerging South – supported the conduct of
small-scale field experiments, but most often with an incongruous provi-
sion: to test widespread impacts. This applied to all three approaches – but
since participants understood MCB as a comparatively regional approach,
they appeared to be more interested in testing the impacts of the planetary
approaches. Participants tended to intuit the scaling difficulties of a space-
based sunshield as infrastructure whose full impacts could not be tested at
limited scales, which provided additional rationales for skepticism. How-
ever, participants tended to envision SAI field tests as contained demon-
stration pilots, resembling local infrastructural projects, or compared to
weather modification (e.g., rain-making) schemes. Alternatively, a smaller
number of groups called for testing in remote or uninhabited regions or on
single countries, for an akin purpose of testing impacts while minimizing
potential harms for people. This has especial implications for current con-
troversies over small-scale field tests, which we address in discussion.

Table 6 (continued) | Governance

Theme Countries and focus groups (R for Rural, U for Urban) Representative quotes

must not happen again. (South Africa, Urban)

I was going to say that the internet is away to communicate in almost
every place, and could be the place to announce the necessity and
the solution, but in a more detailed way, based on facts, scientific
data, and the global population, considering the possibilities, could
vote and give ideas. (Brazil, Rural)

Skepticism over the value of
public consultation

North (7/11 countries): Australia R+U, Austria U, Germany R+U,
Poland R, Spain R+U, UK U, US R+U

Emerging South (7/8 countries): Brazil R, China R+U, India R+U,
Indonesia U, Saudi Arabia R+U, South Africa R, Turkey R

Developing South (0/3 countries)

Skepticism: I think getting the wider public involved is always
dangerous in terms of the results because that is influenced by
political sentiments, current events. (Germany, Rural)

Trust in government and experts: Asmycountry is concerned, I don’t
have much opinion about this. I need to condition myself to accept
this mentally, and as far as my knowledge goes, I will try to promote
this idea (approach) to others, to let others knowmore about this, for
them to understand this. I might not be a technical person, but that’s
what I can do…. As an individual, right? In fact, we don’t need much
preparation, as long as the country passes this technology… For us
personally, we absolutely support it. It belongs to the top-level of
decision-making. (China, Urban)

Lack of trust in government: I think a lot of times when we wanted to
have a say in things, even you know,whenwe…protested about it or
disagreedwith it. You know, theydidn’t listen to usanyway.So I think
that’s really the reason why everyone’s skipping over ‘the locals
shouldhave asay’, because I don’t think itmatters even ifwedohave
a say. They’re going to do what they want. (US, Urban)
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Industry
A large number of groups across the global North and South saw primary
benefits for first-movers in innovation and manufacturing for all three
approaches, subject to the understanding that deployment infrastructures
would have to be designed and constructed. The greatest attention was paid
to the space-based sunshield and to SAI, with primary benefits envisioned
for the aerospace sector, and with nuances attached to a range of national
aerospace industries and private companies. The US National Aeronautics
and SpaceAdministration andother national/regional agencies– the Indian
Space ResearchOrganization, or the European SpaceAgency – tended to be
cited with greater trust. Elon Musk and SpaceX were highly cited but
polarizing archetypes of a visibly emerging era of privately funded and
commercialized space exploration, linking to background deliberation
about the imperatives of innovationon science, technology, engineering and
mathematics (STEM) in the modern global economy, and the material,
intellectual and cultural resources that billionaires, major corporations, and
advanced economies can marshal. Though not universally, the tone of
discussion in certain emerging South groups (especially India) was char-
acterized by greater optimism surrounding government-industry colla-
boration and innovative capacities – although these are complicated by
concerns over unequal technological capacities in other emerging and
developing South groups.

Skepticism was comparatively more prevalent (though again, not uni-
versal) in global North groups regarding excessive leeway given to advanced
STEM industries, or inertial control of charismatic leaders (e.g., Elon Musk)
in those industries over public discourse and policy-making. Grappling with
the technical possibilities of planetary versus regional solar geoengineering,
participants envisioned latent profiteering motives in patenting activities or
garnering investment. An interesting dimension was noted for MCB, as an
archetype of an approach with arguably more localized potential: that
deployment services could be commercialized, and best benefit those able to
pay. These discussions extended beyond first-mover innovators and the
commercialization of deployment to benefits gained a wider range of
carbon-dependant industries latching onto the prospect of solar geoengi-
neering to continue business-as-usual – often discussed as an extension of
greenwashing, and once again implicating mitigation deterrence.

Global multilateral framework
Three key rationales emerged formanaging the research, development, and
deployment of solar geoengineering approaches. The most widespread
rationalewas to ensure coordinationor collaboration to forestall geopolitical
contestation - groups from all global North and developing South countries
spoke to this, but only half the countries from the emerging South. This
rationale was underpinned by deliberations over multiple dimensions: that
solar geoengineering deployment would to a large degree be a function of
interstate planning; that national sovereignty and military capacity will be
important factors in siting infrastructure, planning logistics, and designing
deployments; that technology-capable countries (or hosting such sectors)
would attempt to shape deployment to their own benefits; and that there
would be complex dynamics surrounding forging alliances between states,
and gaining (diplomatic, infrastructural, or military) support. A key com-
ponent was the sense of deployment within a global commons, in which
unilateral motivations and actions must be forestalled.

This transitions into a second– though lesserheld– rationale that those
affected should participate in governance, as opposed to support for
technology-capable clubs – with the clearest implications emerging for the
planetary-scope approaches of SAI and the space-based shield demanding
global outreach and representation. Reflecting the preceding rationale over
coordination, this perspective was widely held in the global North, but
receivedmuch fewermentions in the (emerging) South. The third rationale
was held by a small butNorth–South crosscutting number of groups; aimed
at technologically capable countries, it called for responsibility to help vul-
nerable countries. This ranged from developing solar geoengineering
approaches as emergency mechanisms to alleviate or forestall climate
harms, evoking disaster aid and response, to how deploying solar

geoengineering could synergize with or distract from responsibility over
historic emissions or forthcoming mitigation efforts.

Accordingly, there was an almost universal preference for a global
multilateral organization or framework as ideal to fit these multiple func-
tions. The envisioned functions of such a multilateral framework often
extended beyond the management of geopolitics to multiple sectors and/or
extended over all stages from research to deployment. Accordingly, such a
body should house international expert assessments, and initiate processes
for informing and consulting publics. Participants also cited the need to
involve industry voices, both to encourage and coordinate technological
innovation and transfer, as well as to curb profit-seeking motives.

The United Nations (UN), or the generic mention of an international
body housed within the UN system, received broad citation. The most
positively cited institution itself was theWorld Health Organization, which
in the context of theCovid-19pandemicwas seenas an example of impartial
science and information dissemination, and a fraught but ultimately suc-
cessful navigation of political agendas in the face of global harms (e.g.,
vaccine politics, the origins of the virus, measures over mitigation and
border control). The United Nations Framework Convention on Climate
Change, by comparison, was treated more skeptically due to mixed suc-
cesses and visible contestations at that institution.

A key nuance to multilateral governance was differentiation between
scales. Key rationales – e.g., geopolitical management, or integrating those
affected into decision-making – were commensurate to the scale of
deployment between planetary (e.g., SAI and the space shield) and regional
archetypes (e.g., MCB). MCB, for example, was often exempted from the
need for a global level of multilateral governance, with more limited and
regional arrangements – e.g., in the South Pacific or Mediterranean –
deemed sufficient as long as they were representative and equitable within
their zones of deployment. This reflected the juxtaposition between local-to-
regional versus planetary scale and leverage, with MCB treated as being
more contained in physical impacts and geopolitical implications—but it
was not always assumed that agreement would be easier to reach within
regional zones of deployment.

Indeed, a plurality cutting across all three country groupings high-
lighted the difficult of consensus or compromise within multilateral fra-
meworks to determine an issue as complex as determining what should
constitute ideal global climatic conditions. Participants most strongly cited
the primacy of national sovereignty, the unclear capacities or previous
failures of international law and the UN system to manage global govern-
ance issues, and harkened back to complex geopolitical and corporate
agendas. On the whole, groups from the majority of global North and
developing South sawmultilateral governance as highly necessary – though
with an unclear balance of hope in idealized global cooperation and
examples of qualified success (e.g., pandemic governance), matched against
resignation regarding realpolitik.

Publics
Calls for stronger consultation of publics in risk assessment were wide-
spread, particularly across most global South countries – underpinned by
rationales in favor of affected populations being included in systemic
assessment and in decision-making. In turn, these contained nuances
betweennational andglobal levels of consultation, andbetweenconstructive
and disruptive action. Groups gravitated most towards national-to-local
processes for information dissemination and public input, ranging from
town halls to consultation processes or campaigns sponsored by combi-
nations of universities, industry and government, to the election or support
of political representatives. At a global level, many cited advances in the
Internet and social media as platforms through which to elicit and compare
preferences across national publics. Less commonly, groups cited more
direct forms of (democratic) action such as (protest-based) social move-
ments or referenda. This sense of disruptive urgency – underpinned
by rationales of deep uncertainty regarding systemic risks, as well as by
mistrust over government and corporate agendas – should not be lightly
regarded.
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These calls for public involvement and topical literacy were offset by
strong skepticism over the value of public engagement – held likewise in
groups across the global North and South. Themost common rationale was
the supposed incapacity of laypersons to grasp the technical complexity of
solar geoengineering.Adjacent rationales includeda lackof tolerance and/or
nuance in public discourse: local or national parochialism, or a tendency
towards manipulation by media trends towards polarization and sensa-
tionalism. These concerns reflected fears of the high geopolitical stakes of
solar geoengineering, as well as – for groups in the global North – recent
years of deep polarization regarding right-wing populism, dynamics of
splintering within the European Union, social responses to pandemic
managementmeasures, and the Russo-UkrainianWar. The implications of
skepticism further diverged into twocamps: either offsetby trust in expertise
and one’s government (particularly strong within the Chinese and Saudi
groups), or heightened by a sense of powerlessness and a lack of trust that
governments would take public concerns into account (more common, and
spread across North and South groups).

Discussion
Does the Global South prefer solar geoengineering (particularly, SAI)?
There is a longstanding debate among experts over the proposed benefits
and risks of solar geoengineering – predominantly of SAI – for vulnerable
populations, especially in the global South. Proponents emphasize that
globally optimized schemes for SAI could reduce key climate risks for the
most vulnerable62. Critics counter that SAI would likely be used by major
emitters to delay decarbonization or induce geopolitical conflicts over ideal
regional climatic conditions – which would disproportionately end up
harming the most vulnerable3. Contentions of peremptorily speaking on
behalf of Global South interests are made towards both critics3 and
advocates2.

Calls for public engagement in the global South24 have resulted in a
handful of exercises7,12,21,28–30. Most highlight that global South participants
are more supportive about the prospect of solar geoengineering12 in com-
parison to those in the global North7,29,30. Our results nuance these insights:
global South focus groups exhibit greater hope but an arguably richer range
of concerns for solar geoengineering, in the context of observable inequities
in climate action and potential geopolitical conflict. We highlight three
dimensions.

Firstly, in global South groups, there was a qualitatively stronger sense
of vulnerability and immediacy that generated demand, hope, and des-
peration around solar geoengineering (reflecting previous work28); in all
groups, demand was offset by a fear of entrenching unsustainable practices.
Global South groupsmore commonly raised the need to dampen the effects
of a warming climate. For comparison, some northern European groups
noted that climate impacts are (for now) less locally relevant, and that their
concernsweremore systemic and global. However, just asmuch as in global
North groups, global South groups highlighted the need to reduce carbon
emissions and unsustainable behavior, and warned of what experts have
termed mitigation deterrence.

Secondly, the support of global South groups – particularly from
developing states – were conditioned by awareness of North–South
inequities in funding, technology (transfer), commitments, and action
towards decarbonization (reflecting previous work21). Nor was this lim-
ited to climate action, but expanded into other global governance issues
—e.g., pandemic management – and geopolitical contestations. For
(especially, developing) global South groups, there was a widespread
demand for major powers and emitters to broadly lead on climate action,
and to carry that ethic into the assessment, funding, development,
technology transfer, and political coordination of solar geoengineering
approaches –accompanied by considerable skepticism that they would.
There was very limited discussion in developing South groups (e.g.,
Nigeria) on whether emerging South powers (e.g., China) could drive
solar geoengineering governance in an arguably more equitable manner,
acknowledging Chinese investment projects abroad as a possible reason
in favor.

Finally, there was variation between the Indian, Chinese, and Saudi
groups vis-à-vis Brazil, SouthAfrica, and the rest. Discussions in the former
grouping were marked by a stronger sense of national innovative capacity
(e.g., aerospace) and state-industry coordination that was comparable to
discussions from groups in northern Europe, Switzerland, and the US.
Therewas also brief discussion in theChinese and Indian groups ofwhether
solar geoengineering might permit further space to industrialize – this
discussion was not present in other groups (previous work bears the same
result regarding Chinese respondents7). A final factor setting groups from
China, India, and Saudi Arabia apart was the absence of discussion over
geopolitical agendas – of their own government(s) or any other. Global
North and other (more developing) South groups tended to agree on the
centrality of geopolitics, with discussions reflecting the perspectives of haves
and have-nots.

How do publics view early-stage field experiments? A recent compa-
nion study in our project finds that that global South publics favor further
field tests in comparison to global North publics, and that no publics favor
banning solar geoengineering in comparison to further assessment and
testing30. We engage with this finding, but first lay out the context.

Debate over the necessity and governance of early-stage, small-scale
tests of solar geoengineering in the open environment – as distinct from lab-
based assessments – is extremely polarized. Such tests are the first stage and
scale of a longer typology of outdoor activity, ranging from initially reduced
scales of testing components, deployment mechanics, and environmental
processes, then moving further to time-limited impacts testing, and finally
to a sustained period of deployment52.

There is longstanding contestation over the permissibility of small-
scale tests. A lack of clear governmental guidance has contributed to an ad-
hoc systemof self-regulation by scientific and commercial actors, and a lack
of widely accepted governance for field tests. This particularly regards the
conduct of public engagement. For example, researchers disagree about
whether engagement design should focus public input on localized, near-
term technical andphysical issues of thefield trial itself, or thewide-ranging,
long-term sociopolitical implications of where experiments might even-
tually lead45. This has clear implications for bounding what risks are pre-
sented to publics as relevant. Critics are concerned about a ‘slippery slope’
from early-stage testing to inevitable deployment, the potential for mitiga-
tion deterrence, and deep disruptions to global governance. Proponents
contend that these concerns overplay long-term anticipation ahead of what
theyseeas ‘mundane’basic research, and somedonot see theneed forpublic
engagement at all17,45.

In the meanwhile, considerable civic and expert opposition has fol-
lowed early-stage SAI and MCB field tests. SAI tests have either been can-
celed in the face of civic opposition and expert dispute45,48, or been criticized
for introducing commercial motives through the sale of unilaterally defined
‘cooling credits’ or for being conducted in a clandestinemanner63. Themost
successful test was on MCB, which found a facilitative framing as (pre-
liminarily testing) a regional form of ecosystems protection, as part of a
long-term effort – an Australia-wide consortium of governmental, aca-
demic, and innovation actors– to improve the resilience of theGreat Barrier
Reef against climate change and other threats (the Reef Restoration and
Adaptation Programme64,65). Due in part to the infrastructural require-
ments, no strident calls exist for feasibility testing of (components of a)
space-based sunshield that resemble debates over open-air testing for SAI
and MCB59.

Studies about public preferences regarding field tests – as opposed to
deployment – are few (in Japan17, the UK16,48, and Germany6), but illumi-
nating. Participants strongly prefer that the (technical) risks should be
contained and reversible, but are divided onwhether the political risks could
be contained – for example, the prospect of a ‘slippery slope’ from testing to
deployment16,17. Indeed, the long-term consequences of tests are treated as
seriously as the immediate impacts, for both good and ill: relieving impacts
on the vulnerable or future generations, or delaying mitigation and
entrenching Anthropocentric hubris6,17,48. Finally, participants are in favor
of transparent governance of early-state research overmoratoria or bans16,63.
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Our results confirm that global South groups favor small-scale field
tests in comparison to global North groups, and add that similar rationales
in favor of tests are found across global North and global South groups.
However, we emphasize that public rationales delivered in the focus groups
have twokey contextualizingdimensions that should temper interpretations
of broad support. Firstly, latter-stage climatic and geopolitical consequences
are primarily of interest, rather than early-stage technical testing. Secondly,
tests should be contained or remote, initially limited to smaller locales, or to
particular countries – how such countries are to be identified remains an
open question.

This is a mismatch between public expectation and the capacity of
preferred tests, and it is particularly relevant to SAI as a more technically
feasible approach with a necessarily planetary scope. In SAI assessment,
small-scale, time-limited tests can examine aspects of atmospheric physics or
(scaled-down) deployment mechanisms. However, gauging the differ-
entiated physical (and political) impacts of SAI over time requires a scale and
length of ‘testing’ that is equivalent to planetary deployment52,66. Public hopes
for local-to-national scales, remote locations, and contained implications6,16,17

are impossible to meet, given the planetary scope necessitated for impacts-
testing. This is similarly true of the space-based sunshield – although publics
discussed the testing of this option far less, as they found imagining its
infrastructure to be daunting. It is unclear if large-scale testing for MCB as a
more regional approach might still meet the criteria for limited scope and
containability – not least in light of the relationship with tipping points58. The
recent efforts in the Great Barrier Reef offer the insight that framing efforts
around targeted regional protection could help to alleviate concern.

A caveat is necessary: participants largely did not appear aware of or
discuss the distinct capacities of different stages and scales of field tests. Our
study did not provide informational materials on such a typology. In the
absence of such direct steering, the misconception about the capacity of
contained tests to gauge transboundary risks unintentionally persisted.

Nevertheless, the misconception is revealing, and prompts future work to
ask: what range and scales of field tests would be deemed permissible, if
publics understood that no such tests below global deployment would
answer theirmost salient concerns?Howwouldpublic expectations over the
knowability of future outcomes be adjusted? Would public support in the
global South or North be altered for SAI or solar geoengineering more
broadly?

Our results do not imply that publics would oppose early-stage, small
scalefield testswith limited technical objectives. It isworthnoting thatmany
participants –more in the global North than South – stated that they would
oppose any indication of solar geoengineering development, implying the
inclusion of field tests. However, our results show that participants across
the global North and South would conditionally support tests – though far
more in the South than North – as part of systemic risk assessment that
combines technical and socio-political inquiry, demonstrates international
collaboration, and eschews commercial motives (reflecting previous
work16). Engagements over field tests in particular locales also offer
opportunities to extrapolate and explore how ‘whole systems’ of develop-
ment and deployment67 might be distributed: each solar geoengineering
approach, and variations of deployment schemes within each approach,
would have resource demands and locations for infrastructure that would
directly affect certain actors over others68.

Moreover, the misconception over the capacity of contained field tests
was not universal, with a smaller number of inputs acknowledging the
impossibility of field-testing for long-term differentiated impacts, and in its
place, noting the need for extensive simulations (reflecting previous work16,17).
Certainly, this validates an expanding range of earth systems modeling
studies54 that is beginning to inquire after impacts relevant to global South
countries and regions69–71. At the same time, a prominent strand of modeling
works on constructing idealized deployment schemes to construct globally
optimal climatic outcomes51. While providing a basis for international
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Fig. 1 | Complexes of hopes, concerns, and corresponding governance issues
associated with solar geoengineering. To the left are the three types of solar
geoengineering. The pictures are those provided in information materials sent to
participants. The solar geoengineering types are connected to hopes (in green),
concerns (in orange), and themes with elements of both (in yellow). Governance
rationales and activities are in blue. The arrows signify linkages between hopes,
concerns, and corresponding governance; the colors of the arrows correspond to the

aforementioned scheme – positively, as a hope (green); negatively, as a concern
(orange), both (yellow), and connections between governance (blue). The darker the
color of the boxes, the more focus groups spoke to the theme contained therein.
These complexes connect to one or more of the four governance rationales in the
conclusion, outlined in the black blocks to the right. The smaller colored circles refer
to relative emphases placed on themes by focus groups from the global North,
emerging South, and/or the developing South.
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coordination, optimized scenarios are at odds with conflicting, geopolitically-
motivated agendas and non-ideal deployments –which are not only a strong
focus of our focus group deliberations, but remain greatly underassessed in
both modeling and broader assessments44,72,73. It will be necessary to bridge
climate modeling with expert, policy, and public engagement to construct a
range of geopolitically cooperative and conflicting scenarios74–76.

Multilateral, multi-purpose, andmulti-stage governance is seen as ideal.
Our results show support for the pursuit of multilateral agreements between
states –most often citing a UN-based framework as template – from groups
in the global North and developing South, as well as in groups from half the
emerging South countries (including China and Brazil). Moreover, publics
were concerned not only with managing the geopolitics of deployment, but
discussed the need to coordinate assessment, development, and – especially
for global North groups – screening out commercial motives. These results
broadly confirm previous studies that show support for international
coordination over upstream stages of research and field tests as well as
deployment14,31,77, and show that support is conditioned by trust in political
institutions and actors, including industry and academia6,8,32.

Three adjoining insights are notable. Firstly, the scope of inclusion in
decision-making was almost always fitted to the geographic/geopolitical
scope of the approach’s impacts, but with differentiated rationales. For
global North groups, the key guiding principle was explicitly based on all
affected populations and countries being represented in decision-making,
rather than just technology-capable countries. In contrast, groups from all
three African countries and the Dominican Republic voiced a hope that
decision-making would include countries lacking technological capacity
and with greater climate vulnerabilities. Emerging South deliberations
almost completely lacked either rationale – this fits with the comparatively
lower support for formal multilateralism expressed therein, and speaks to
the logics of an emerging multi-polar international system.

Secondly, unilateralism, coalitions of the willing, and competing
deployments78–80 were spoken to as plausible across global North and South
groups, but we warn against extrapolating interpretations of support for
them. Concerns about multilateral frameworks were most often based on
skepticism that they could work. However, this never translated into open
consensus in any group for unilateralismor coalitions of tech-capablemajor
powers – even in countries where multilateral governance was not clearly
supported. Some developing South groups questioned if they might benefit
from being sponsored by more powerful actors in ad hoc or mini-lateral
arrangements, but were more often concerned about a lack of geopolitical
leverage. Meanwhile, groups in the North or the emerging South treated
such arrangements with a combination of caution and ambivalence: if
deployments might not be collectively optimal, would they be singularly
(dis)advantageous? Much depended on how participants trusted the
capacities of their national governments.

Thirdly, no groups discussed moratoria or bans for any kind of solar
geoengineering as a governance option – either in support, or against. We
again note results that moratoria and bans have seen less public support in
comparison to further assessment and even development – although sup-
port for moratoria and bans constitute strong minorities globally, and tend
to be higher in the global North16,30,63. Unfortunately, our results could not
provide clarity on such preferences. A key reasonwas likely the design of the
focus groups: participants were explicitly asked to consider what actions
needed to be taken “before there is consideration to implement this
approach” (seeMethods), which created less discursive room for prohibitive
frameworks. We might also consider how high levels of skepticism toward
SAI and the space-based sunshield, especially in the global North, might
have translated in deliberations that compared permissive and prohibitive
frameworks. Nevertheless, there is a clear gap between public and expert
understandings of the value of (temporary) bans, which have received a
degree of support from both proponents of further research and testing
(applying only to deployment81) as well as critics (applying to government
funding, testing, and deployment3).

In sum: for the majority of groups, a prevailing need for nose-to-tail
collaboration across stages and scales of activity was strongly offset by

geopolitical issues and skepticism over the capacity for such collaboration.
Some of this is mirrored by how expert conversations have evolved in the last
two decades from legal, international regulation of deployment78, towards
combinations of international institutions as templates for a range of per-
missive or prohibitive functions46, and finally towards more pragmatic,
polycentric arrangements of research governance43,47. This has been due to
two factors: a lack of clear fit with the mandate of any single existing mul-
tilateral governance institution (a situation that persists), and because there
was until recently little appetite at various global bodies to consider solar
geoengineering governance. For example, efforts to introduce such discus-
sions in 2018 at the UN Environment Programme (UNEP) failed47. In the
near term, the most relevant governance mechanisms remain those of the
Convention on Biological Diversity82,83 and London Convention and Pro-
tocol on marine pollution (specifically, on geoengineering approaches in
marine environments84,85), which maintain rules on the scope of legitimate
research.

The situation may be shifting. The European Commission, the UN
Educational, Scientific and Cultural Organization (UNESCO), UNEP, and
the UN Human Rights Council have drafted anticipatory principles or
reports to ground future engagement – which remain preliminary and
precautionary in nature86–89. Nevertheless, it reopens a discussion about
whether a piecemeal, sum-of-parts coordination between institutions could
plausibly be found43, or whether the challenges of planetary forms of solar
geoengineering would distort existing regime mandates and agendas3.
Moreover, distinctions between approaches imply different architectures.
Regimes such as the Outer Space Treaty of 1967, which establishes outer
space as the “provinceof allmankind”, and theUNCommissiononPeaceful
Uses of Outer Space, which promotes that benefits of space technologies be
extended to all, might be applicable to space-based geoengineering59. MCB
may eventually qualify as a form of marine geoengineering (currently, only
ocean fertilization does); the London Convention and Protocol has the
clearest regulations of any institution on the scope of field testing. SAI –
arguably the most visible of all options – has no clear landing spot, and key
advocates underplay the need for one43. It remains unclear from our results
whether global publics would see a polycentric variant of international
governance as desirable or pragmatic, compared to arrangements with
clearer mandates and oversight.

Finally, publics often expressed powerlessness regarding any mean-
ingful role in consultation or decision-making. The degree of scepticism
over the value of public consultation across global North and global South
groups regarding the two planetary approaches – SAI and the space-based
sunshield – was surprising. Our results show a widespread recognition that
individuals and communities would likely play no direct role in decision-
making – complexes of powerful governments and (private) industries
would inevitably shape innovation and deployment. This echoes an old
debate in SAI governance: whether a planetary technology necessitates a
more aspirational, direct, and deliberative shape of democratic control14, or
whether democratic input can assume a less ideal,more conventional shape,
filtered through political representatives and an evolving range of norms
and institutions90.

Our results show that under conditions of deep uncertainty, global
North groups (with implicit trust in their nations’ geopolitical and inno-
vative capacity rather than the sitting government) and some emerging
South groups (with explicit trust in their political system) seem either
resigned to or comfortable with the latter shape of democratic input. In
addition, confidence in technocracy – for example, positive references to
ElonMusk –played aminor but strident role.However, we should also note
countervailing mistrust regarding both government and industry.

Indeed, there are further reasons for concern that should provide
impetus for designing new, more ambitious forms of public input. Groups
cited a variety of additional rationales reflecting doubt in the value of public
consultation: technical complexity, national or local parochialism, media
sensationalism, and the high geopolitical stakes involved. Each rationale is a
concerning dimension of public discourse. Taken together, they betray a
lack of confidence in public discourse itself. Falling trust in public discourse
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– or at least, greater ambiguity – is particularly discernible in global North
groups, who cite recent political events in which public (mis)information
played crucial roles.

Given this troubling implication, future research might consider
innovating processes for public consultation2,24 that avoids leaning into the
functional entrenchment of solar geoengineering into policy91 through
framings of climate emergency92. There may be benefits to generating a
global public discourse at this foundational stage: recall the rationales that
all affected should be consulted (more prevalent in global North groups)
and that the powerful should incorporate the needs of the powerless (more
prevalent in developing South groups), as well as concerns about power-
lessness cutting across all groups. At the same time, the logistics are
daunting – particularly for the planetary approaches. Our study offers a
template for a global scope of study, although it is limited by the time and
funding available to academic grants (as well as the limited topical famil-
iarity of publics). Again, there are few calls for such engagements to take
place regarding a space-based sunshield. But for SAI, non-government
organizations are conducting and planning engagements in the global
South93,94. Conversations amongst research advocates in the US have turned
to national programs of assessment4,52,95, which must include sustained
public engagement initiatives4,96. There will be a future need to aggregate
polycentric engagements, should these escalate. Our studymay prove useful
as an early global baseline, identifying key hopes and concerns as well as
crucial areas of dissonance within and between countries.

Conclusion
In closing,wehighlight four rationales to guide further assessment, based on
the results of our global focus group deliberations, and on our judgment of
shortcomings in the research and governance landscape (Fig. 1).

Firstly: assessment should question SAI’s inertial dominance over
other solar geoengineering approaches in expert assessment and nascent
policy conversations. Comparatively low implementation costs and swift,
global leverage on reducing temperatures have become received wisdoms,
and are argued to justify the focus on SAI52. Fundamental technical
uncertainties continue to confrontMCB57, and assessment of a space-based
shield remains nascent59. However, our results show that much public hope
and concern center around a planetary versus regional dichotomy. A pla-
netary reach implies greater climatic leverage, butmore complex side effects
and politics, and demands more comprehensive, inclusive input into
decision-making – and vice versa. Public support exists for more regionally
bounded approaches, and this is worth noting in light of non-SAI proposals
for protecting keystone systems – such as the Great Barrier Reef 65 or Arctic
and Antarctic sea ice97.

Secondly: polycentric governance may not be sufficient. Our results
show that participants (though somewhat less in certain emerging South
powers) prefer international collaboration fromupstream stages of research
onward. This preference is offset by scepticism regarding the feasibility of
effective multilateralism, and by degrees of confidence regarding national
capacities to pursue geopolitical interests – but these, by themselves, are
never preferred to multilateralism. Polycentric research governance –
diverse anddistributed scientificnetworks, national programs, andbodies of
norms and rules for field tests – may be a pragmatic avenue today47. But
path-dependence is a concern. In time, polycentricity at upstream stages
might become formalized infield-testing andevendeployment, entrenching
conflicting and multipolar logics. A US-based assessment program should
be aware of the optics and incentives generated in unilateral action91. The
danger of jurisdiction shopping between international institutions and
regimes remains underassessed98.

Thirdly: assessment must become re-geared towards political
questions. In recent years, solar geoengineering assessment – again,
dominated by SAI – has primarily consisted of earth systems modeling
studies, and contestations over the permissibility of small-scale field-tests.
Our results show that publics are hopeful about the prospect of solar
geoengineering to alleviate a range of climatic harms, but this is heavily
offset by the reality of geopolitical inequities, and the plausibility of

contestation and conflict. Modeling globally optimal deployment
schemes and climatic benefits treats geopolitical conflicts as if they do not
exist, and form an incomplete basis for informing decision-making44,72,74.
All areas of assessment can be better geared towards political questioning.
There is a need for more direct engagement with national strategic and
security planning communities, instead of taking a benevolent global
planner perspective21,73. Climate modeling can be combined with expert,
policy and public engagement to construct a range of scenarios that
reflect not only optimal schemes, but conflicting schemes that serve the
priorities of different (groupings of) states74. Assessment – with field tests
providing an additional opportunity – can examine commercial interests
(e.g., patenting, cooling credits), or anticipate whole systems of infra-
structure, resources, and zones of deployment67. We have seen indica-
tions of falling trust in public discourse that should be combatted; global
public discourse on solar geoengineering might be enhanced through
innovative, transnational forms of input.

Finally, assessment should refine and disaggregate the interests of the
global South. Our results show intra-South differences in perspective
between participants in emerging powers (especially China, Saudi Arabia,
and India) and other global South countries, particularly less developed
states. Differences center around technological capacity and geopolitical
clout, where global North and emerging global South powers have more
comparable capabilities. Developing South participants conceived of their
interests being – at best – protected or sponsored within bilateral, mini-
lateral, or multilateral arrangements driven by more powerful states. Given
the prospects of an emerging multi-polar world with a shifting, a la carte
approach to international alliances, assessmentwill need to take amorefluid
approach assessing solar geoengineering politics than exclusive reliance on
global planner or North versus South lenses would permit.

Methods
Inclusion and ethics statement
All components of the research were granted ethical approval by the
Research Ethics Committee of Aarhus University (#2021-13). Full and
informed consent was given by all participants before the beginning of the
study, along with all participants being notified about the fact that their data
would be handled in a fully anonymousmanner and in complete accordance
with the General Data Protection Regulation and any other pertinent data-
security regulations, that any data would be analyzed in an aggregate fashion
and would not be personally identifiable in any way, and that they had the
right to withdraw their participation at any time. The research has been
broadly undertaken with the aim of better understanding public perceptions
of solar geoengineering approaches, including in the Global South and by
means of more qualitative methods that can better elucidate the variability
and importance of the local context. At this stage, no local researchers have
been included. The specific roles and responsibilities of those in the author
team was discussed prior to the research. Insofar as possible, we have striven
to have taken into account local and regional research in the citations.

Mixed methods framework
We utilize a multi-methods framework combining (a) a survey instrument
with (b) focus groups. The two methods are complementary. The large-N
survey30, given statistically significant sample sizes and screening, sources
aggregate and nationally representative preferences – but gives less sense of
rationales and processes of reasoning that underpin preferences. Focus
groups aim to map such rationales, with the in-depth treatment and detail
that comes with deliberation, and with references to local or national con-
texts that can inform further situated (or locale and context-specific)
assessment.The survey’s design and results30 examines both carbon removal
and solar geoengineering approaches. The focus groups form the basis of
two papers: this paper, and another on carbon removal99.

Carbon removal
The run-time of each focus group was evenly split between discussion of
solar geoengineering and carbon removal approaches. These two suites of
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approaches have historically been grouped together under the umbrella
concept of (climate) geoengineering, or increasingly, climate interventions.
Debate on whether solar geoengineering and carbon removal should be
separately (representing different socio-technical characteristics and gov-
ernancedemands) or comparatively assessed (for synergies and trade-offs in
the context of wider climate action) remains inconclusive. This paper
focuses on solar geoengineering, while a twinned paper on carbon removal
has been recently published99.

Urban versus rural
Due to a need to refine the focus of this paper, we chose not to undertake a
deep investigation of the differences between perspectives of urban versus
rural groups cutting across approaches and countries. A separate paper that
examines these dimensions is in preparation.

Country selection
We conducted 44 focus groups (1 urban, 1 rural) in 22 countries: the
United States of America, the United Kingdom, Australia, Germany,
Austria, Switzerland, Italy, Poland, Norway, Sweden, Spain, South Africa,
India, Chile, Brazil, China, Turkey, Saudi Arabia, Indonesia, Kenya,
Nigeria, and the Dominican Republic. We aimed at a split between
countries in the global North and global South, geographic spread across
UN/continental regions, and inclusion of regional powers. A prior stage
deployed a survey instrument in 30 countries was deployed in a prior
stage. These included all 22 countries assessed in this study, as well as
Canada, France, the Netherlands, Norway, Estonia, Greece, Denmark,
Singapore, and Japan30. Constrained resources led the reduction of
countries from the survey to the focus groups; the countries removed are
all in the global North, in keeping with our desire to expand the geo-
graphic scope of assessment to the global South.

Participation and recruitment
In total, 323 participants were part of the focus groups. Recruitment aimed
at 8 participants per focus group, and achieved at least 5 per group despite
technical difficulties and dropouts. Norstat, a European-based data collec-
tion company (https://norstatgroup.com/), conducted the recruitment of
participants in collaboration with the authors.

Prospective participants were screened via an online survey for several
mandatory criteria. These criteriawere defined in collaboration between the
authors and Norstat. Prospective participants displaying an overt degree of
climate denialism were screened out – defined by answering “No” to “Do
you believe climate change is happening?”. Focus groups were further
screened for an even split between female andmale genders, and between 18
and 44 year-old and above 45 year-old cohorts. For division into urban
(including suburban) and rural focus groups, participants were screened
through self-definition, by responding “Urban”, “Suburban”, or “Rural” to
the question: “How would you describe the area in which you live?”.

Two further soft screens (guiding but not mandatory) were held. The
first was for distribution across education level, income, and occupation
type, each tailored by country. The second was for distribution across
within-country regionswithin, inmost casesdefinedby formal (e.g., federal)
administrative regions. A smaller number of countries (USA, India, Brazil,
Indonesia) with a high number of administrative regions were defined by
broad geographic regions.

Materials and languages
Two sets of materials were developed by the authors in collaboration with
Norstat. The first was a discussion guide of questions and instructions for
moderators. The second was a set of information materials on solar
geoengineering (and carbon removal) approaches that were distributed to
participants beforehand. Materials were written originally in English and
communicated in that language with focus groups in US, UK, Kenya,
Nigeria, SouthAfrica, Australia, and India.Materials were also translated by
Norstat personnel into: German (Germany, Austria, Switzerland); Italian
(Italy); Polish (Poland); Norwegian (Norway); Swedish (Sweden); Spanish

(Spain,Chile,DominicanRepublic); Portuguese (Brazil);MandarinChinese
(China); Turkish (Turkey); Arabic (Saudi Arabia), and Bahasa Indonesia
(Indonesia). To ensure quality, academic colleagues in climate and energy
governance known to the authors translated key technical terms from
English into their native languages, for use by Norstat translators.

Discussion guide
The discussion guide consisted of the following groupings of questions. The
guiding logicwas to focus conversationonactors, actions, andagendas at the
most tangible scale possible.

The first grouping of questions was based on prospective benefits:
What are the benefits from any of these approaches? Who might gain the
most from these benefits, and why? If these were implemented in your
community or country, who would be affected positively – and how
and why?

The second grouping of questions was based on prospective risks:
What are the risks from any of these approaches? Who might be most
negatively impacted from these risks, and why? If these were implemented
in your community or country, whowould be affected negatively – and how
and why?

The third grouping of questions was based on governance responding
to prospective benefits and risks: In an ideal world who are the most
important people that should help make decisions on this approach – in
your community, or your country, or even the world?What actions should
be taken before there is consideration to implement this approach – what
would you like to see done? How would you want yourself, and the wider
public, to be involved in making decisions on these approaches?

A concluding ‘headlines exercise’ as a creative mini-scenario exercise
was held: Participants were asked to create a (newspaper) headline in 2030,
with four elements: an approach, anactor, and an event, in sumrepresenting
a good or bad outcome related to the approach (a headline that makes the
participant feel hopeful or worried).

Informational materials on approaches
Informationmaterials were sent to participants a week prior to the conduct
of the focus group. Participants were encouraged to do further research, and
to discuss with members of their community100. This step was taken to
account for the limiteddiscussion time, the lackof feedbackanddeliberation
with technical experts, and a lack of directly lived experience with regard to
these approaches.

The information materials consisted of the following elements.
There was one introductory page each for carbon removal and solar
geoengineering separately, with short points on overarching technical
characteristics. Each approach was then accompanied by a column of
approach-specific text, taking up one-third to half a page each. Each
column contained: a brief technical description; a picture deliberately
stylized to avoid reification; a short list of infrastructural needs; and one
to two technical pros and cons that were abbreviated to forestall as much
framing as possible.

Meeting logistics
The majority of meetings were conducted online, via Zoom (version
5.17.7 (31859)), which we selected for ease of logistics, costs, recording,
and transcription. Meetings in Dominican Republic, Nigeria, Kenya,
South Africa, and the rural group for India were held in person or in
hybrid format. Meetings were moderated by Norstat personnel, in the
same language as the translated materials. All focus groups ran from 2 to
2.5 h. The carbon removal and solar geoengineering suites each received
half the allotted time. Half of the focus groups began by discussing
carbon removal, and the other half with solar geoengineering – the
division was made at random by Norstat. We recognize that the time
allotted was limited in comparison to other deliberative exercises, which
we defend as necessary given our financial resources and the inclination
of our research design towards greater geographic coverage, particularly
in the global South.
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Transcription
Online groups were recorded via Zoom. Various other recording mediums
were used for hybrid and in-person groups. Norstat transcribed all delib-
erations. Transcribers and the authors undertook multiple rounds of clar-
ification to ensure accuracy and quality.

Coding and analysis
The authors conducted a two-part analysis. The first part used qualitative
data analysis software MaxQDA (Standard 2022, Release 22.8.0, (c)
1995–2022 VERBI GmbH Berlin) to code themes across focus groups
and countries. The coders were Sean Low (SL) and Livia Fritz (LF).
SL coded all urban groups and LF coded all rural groups, alongside
frequent inter-coder reliability checks. Coding followed the questions of
the discussion guide, cross-referencing solar geoengineering approaches
with perspectives on: (a) Climate change causes and impacts; (b) Benefits
and ‘Winners’; (c) Risks and ‘Losers’; (d) Governance; and Publics,
with further coding emerging on (f) Contexts and analogies and (g)
Technical uncertainties. The second part consisted of writing qualitative
summaries on each focus group; then combining the urban and rural
portions into country-by-country analyses. LF analyzed all rural groups;
SL analyzed all urban groups. The key technical and societal issues
presented in the results section are derived primarily from the thematic
coding, supplemented by the country-by-country analyses when differ-
ences between countries or groupings of countries required further
clarification.

Reporting summary
Further information on research design is available in the Nature Portfolio
Reporting Summary linked to this article.

Data availability
Thedataset101 generated for this study is available at https://doi.org/10.5281/
zenodo.11184155.
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