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Abstract

The lack of progress in addressing climate change has led to increased interest in solar radiation
modification (SRM)—a collection of large-scale interventions that cool the planet by managing the
amount of solar radiation that reaches the earth. SRM complicates climate change governance
because, in addition to advancing collective action to reduce greenhouse gas emissions, governance
needs to restrain unilateral SRM action while balancing diverging actor interests, ethical risks and
scientific uncertainty. We survey international climate policy experts for their assessments of the
potential for effective global governance of SRM and the likelihood of possible international
responses to unilateral SRM scenarios. Experts are pessimistic about the global community
achieving effective SRM governance, and they believe unilateral SRM action will trigger
international responses and conflicts. Experts believe softer responses are most likely (e.g.
diplomatic sanctions) but the potential for stronger responses, including military action, are
non-trivial. Relative to the Global North, experts from the Global South are relatively more
supportive of SRM, including the development of SRM, the inclusion of SRM in international
negotiations, and the deployment of SRM in a climate emergency.

1. Introduction

Recent reports by the Intergovernmental Panel
on Climate Change (IPCC 2023) and the World
Meteorological Association (WMO 2024) provide
strong evidence that the global community is falling
short of the greenhouse gas (GHG) emissions reduc-
tions needed to avoid dangerous climate change.
Faced with rising temperatures, increasing climate
extremes (AghaKouchak et al 2020), and the failure
to reduce global emissions (Friedlingstein et al 2023),
climate interventions are increasingly seen as a viable
response to a warming climate. Solar radiation modi-
fication (SRM) is a collection of large-scale interven-
tions to cool the planet by managing the amount of
solar radiation that reaches the earth (NASEM 2021).

© 2024 The Author(s). Published by IOP Publishing Ltd

The appeal of SRM stems from the potential
to reduce global temperatures quickly with exist-
ing technology and at a relatively low cost (Smith
2020). However, SRM presents governance concerns
because it ‘turns the politics of climate protection
upside down’ (Victor 2008). While mitigation calls
for collective action, the low cost of SRM allows
a single actor to unilaterally deploy and determ-
ine the global average temperature (Barrett 2008).
Thus, a single country or a small group of coun-
tries could potentially determine the global average
temperature, which likely differs from what other
countries per (Weitzman 2015). Similarly, unilateral
action imposes outcomes on countries with divergent
positions on ethical considerations (Pasztor 2017,
Jinnah ef al 2020), intellectual property and liability
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(Reynolds 2019), and scientific uncertainty regarding
SRM impacts (Grieger et al 2019).

A growing literature sheds light on the strategic
and governance implications of SRM®. The poten-
tial that the existence of SRM could crowd out con-
ventional mitigation, often referred to as moral haz-
ard, has been a key criticism of SRM (Shepherd
2009, Lockley and Coffman 2016)°. Research how-
ever provides mixed evidence and tends to indicate
that concerns of crowding out may be overstated (e.g.
Merk et al 2016, Cherry et al 2023, Schoenegger and
Mintz-Woo 2024). Another leading concern is the
free-driver problem, which is when an actor with the
highest preferred level of SRM unilaterally deploys
and determines the global temperature for every-
one (Wagner and Weitzman 2012, Weitzman 2015).
Heyen et al (2019) argue that the free-driver incentive
could lead to an escalating conflict if other countries
engage in counter-geoengineering—i.e. ‘counteract-
ing the cooling effect of solar geoengineering through
technical means’ that may include releasing warming
agents or removing the original aerosols (Parker et al
2018). Experimental research suggests that the free-
driver problem may lead to excessive SRM but not to
the extent predicted by theory, and consistent with
Heyen et al (2019), counter-geoengineering leads to
costly conflict with little impact on ultimate SRM
levels (Abatayo et al 2020, Cherry et al 2024). Another
concern raised in the literature is the potential that
conflict may escalate to military action. The literat-
ure typically focuses on potential military action that
disrupts deployment, such as shooting down aircraft
(Parker et al 2018), disrupting SRM supply chains
(Lockley 2019), and eliminating rivals’ SRM capa-
city (Lockyer and Symons 2019). However, military
action may be unlikely due to the strong incentives to
resolve conflict with negotiation rather than interven-
tion (Lockley 2016).

The challenge of governing the behavior sur-
rounding SRM has received considerable attention
with studies exploring the potential for international
use and non-use agreements (e.g. Heutel et al 2016,
Finus and Furini 2023, McEvoy et al 2024). Many
studies offer insights on public perceptions of SRM
as they, in part, determine the efforts to govern SRM.
Results reveal considerable public support, albeit with
concerns, for research into SRM and even its deploy-
ment. However, findings also report that the public
is largely unaware of SRM (Mercer et al 2011, Scheer
and Renn 2014, Mahajan et al 2019, Raimi 2021).

5> See Moreno-Cruz et al (forthcoming) for a comprehensive review
of the strategic and governance issues of SRM and the related stud-
ies that offer theoretical and empirical evidence.

6 Scholars have discussed the appropriate terminology that char-
acterizes crowding out in the SRM context. For discussions, see
Lockley and Coffman (2016), Tsipiras and Grant (2022) and
Moreno-Cruz et al (forthcoming).
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Consequently, stated support has been shown to be
sensitive to the framing of the technology (e.g. Bolsen
et al 2024), trust in decision makers (e.g. Cummings
et al 2017), and cultural worldviews (e.g. Cherry
etal 2021), among other factors’. Previous studies on
SRM perceptions have focused on the general public,
but Dannenberg and Zitzelsberger (2019) provides
an exception by considering climate policy experts®.
Half of their respondents think more investments
should be directed to research and development of
SRM, and 52% support SRM deployment in the event
of an approaching climate emergency. Also, they
report that 42% of respondents consider it import-
ant to include SRM in the United Nations Framework
Convention on Climate Change (UNFCCC) climate
negotiations.

Dove et al (2024) points out the research on
individual perceptions of SRM typically underrepres-
ents the Global South. However, recent research has
begun to consider regional perspectives. Baum et al
(2024) surveyed the general population in 30 coun-
tries and reports that respondents from the Global
South, as compared to the Global North, are ‘signi-
ficantly more favorable about potential benefits and
express greater support for climate-intervention tech-
nologies.” Contzen et al (2024) finds a similar res-
ult from a 20-country survey that compares SRM
attitudes among the public across the Global South
and Global North. Sugiyama et al (2024) conducted
a more limited survey but finds that people in devel-
oping countries were ‘more concerned about climate
change and more supportive of SRM’ but were still
concerned about the environmental and governance
risks associated with SRM”.

Herein we contribute novel empirical evidence
by collecting and synthesizing climate policy expert
assessments of potential international governance of,
and responses to, the emergence of SRM. To that
end, we conducted a survey of recent delegates to
the UNFCCC Conference of the Parties (COP). COP
delegates are particularly relevant because many of
them have substantial expertise on climate policy and
would likely be involved if SRM were to be included in
the UNFCCC negotiations. Whereas most COP del-
egates have little direct experience with SRM, they
do have experience navigating other unfamiliar, con-
troversial and potentially high-risk climate strategies

7 See Raimi (2021) for a comprehensive review of the determinants
of public perceptions.

8 Climate policy experts in Dannenberg and Zitzelsberger (2019)
included party members of the United Nations Framework
Convention on Climate Change (UNFCCC) Conference of the
Parties and Intergovernmental Panel on Climate Change (IPCC)
authors and reviewers.

9 Hussain et al (2023) conduct a survey of stakeholders in Pakistan,
Nigeria, and Kenya, and results indicate a majority of respond-
ents are supportive of climate engineering technologies to counter
global warming.
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(such as bioenergy with carbon capture and stor-
age, direct air capture, etc). Our sample of climate
experts includes over 800 delegates from COP 26 and
COP 27, and our analysis is focused on Party and
Observer responses (controlling for media and other
attendees). See supplementary information (S1) table
S1.

Our survey focuses on stratospheric aerosol injec-
tion (SAI), which has received the most attention
among the SRM technologies (Moreno-Cruz et al
forthcoming). SAI is the process of spraying inor-
ganic particles into the upper atmosphere to act as a
reflective barrier and create a cooling effect. The sur-
vey consists of two main parts. First, it replicates pre-
vious work (Dannenberg and Zitzelsberger 2019) by
asking climate policy experts about their support for
public funding for SAI research, deployment of SAI
in response to a climate emergency, and inclusion of
SAI in UNFCCC negotiations. We add insights to the
underlying reasons for support or opposition and eli-
cit beliefs about the likelihood the global community
will achieve effective governance of SAI. Second, the
survey asks the climate experts to assess the likeli-
hood of possible responses to a country taking uni-
lateral action to create SAI capacity or to begin SAI
deployment, including developing counter measures,
diplomatic sanctions, and military responses. This
part also asks experts to assess how including SAI
in international climate negotiations would impact
negotiation outcomes, such as reaching global emis-
sion reduction targets, developing effective global
governance of SAI technologies, and conflicts dur-
ing negotiations. Throughout, we collect information
on the delegate and represented country to facilit-
ate stratified results by delegate role and geographic
region, which yields new findings on region-specific
perceptions (e.g. Global South and Global North).

2. Methods

The survey was designed to replicate and extend pre-
vious studies on the perceptions of SRM among cli-
mate policy experts. To that end, the online sur-
vey consisted of four sections—knowledge and sup-
port, negotiation, strategic responses, and respond-
ent background (see SI for survey instrument). The
knowledge and support section first provided a brief
summary of SRM and SAI, and then presented ques-
tions about the respondent’s knowledge of SAI, sup-
port for SAI research funding, confidence of effect-
ive governance of SAI, support for SAI deployment in
climate emergency, and reasons for support/opposi-
tion. The negotiation section asked respondents’ level
of support for including SAI in the UNFCCC nego-
tiations and then their views on how including SAI
would affect outcomes of negotiations. The strategic
responses section first presented a scenario of a coun-
try developing the capacity to deploy SAI and then
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asked the respondents’ assessment of the likelihood
that a country would respond in each of five possible
ways. The section then presented a second scenario of
a country announcing that it will start to deploy SAI
and then asked the likelihood of the same five possible
responses. The respondent background section asked
respondents about their COP participation, including
delegate role, type of organization represented, coun-
try’s regional group, number of years attending COPs,
and academic/professional field.

Unless explicitly mentioned, reported summary
statistics include all responses, even if the survey was
not fully completed. The conditional results and p-
values reported are from linear probability models
estimated using ordinary least squares (n = 622)'°.
The regressions were used to estimate how deleg-
ate characteristics impact the likelihood of anticip-
ated responses to SAI initiatives. For the negotiation
section, a separate model was estimated for each of the
possible six outcomes of including SAI in UNFCCC
negotiations (e.g. reaching global emissions targets
under the Paris Agreement). The dependent vari-
able in each regression equals one if the respondent
answered ‘more likely’ and zero otherwise. The con-
trols are dummy variables that include the delegate’s
role (Observer, Party or Other (omitted)), organiz-
ation type (government, research, private, environ-
mental NGO or Other (omitted)) and region (Global
North or Global South (omitted))''. Likewise, mod-
els were estimated for each of the two scenarios in the
strategic responses section. Each scenario had five anti-
cipated outcomes, and for each outcome the depend-
ent variable equals one if the respondent answered
‘very likely’ or ‘likely’ and zero otherwise. The same
control variables were used in all regressions. See
SI for the complete regression results and further
discussion.

The sampling, protocols and instrument
were reviewed and approved as exempt by the
University of Wyoming’s Institutional Review Board
(#20230525TC03580). The initial sample of COP del-
egates was created by pulling names and affiliations
from the provisional list of registered participants of
COP 26 (Glasgow) and COP 27 (Sharm el-Sheikh).
Email addresses were searched and scraped on the
internet using public sources. Of these emails, we
delivered an initial invitation to participate in the sur-
vey. Each invitation was followed by three reminder
emails. The first two reminders were delivered two
and four days after the initial invitation, and the third

10 Regression results from the linear probability models are qualit-
atively similar to probit specifications.

11 Given that our study is focused on UNFCCC delegates, respond-
ents are organized into the UN regional groups of African States,
Asia-Pacific States, Eastern European States, Latin American &
Caribbean States and Western European & Other States. In our
study, the ‘Global North’ states are the Eastern European States and
the Western European & Other States.
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reminder was delivered about a month after the ini-
tial invitation. To boost response rates, the survey
was purposefully streamlined to take only 5-10 min.
To minimize impacts of varying time zones, the tim-
ing of the first two reminders were spaced about 8 h
across the 24 h interval.

Importantly, the survey was completely anonym-
ous without any collection of individual respond-
ent information. Anonymity was preserved for two
main reasons. First, we wanted to mitigate any con-
cerns about participating in the survey and providing
honest responses to the questions. Second, we were
required to satisfy the EU’s General Data Protection
Regulation. The consequence of anonymity is that the
final data for the analysis only includes responses to
the survey questions.

We sent invitations to 22 760 people in our sample
of COP delegates. Of these, 2925 were immediately
bounced back and 8147 were not opened. Thus,
11685 people received and opened an invitation to
take the survey. A total of 871 people participated in
the survey, which translates to response a rate of 4.4%
(871/19835)". Of the 871 people who responded to
the survey, 622 or 71.4% completed all questions. The
response rate is comparable to previous studies with
similar samples (e.g. Karlsson et al 2011, Kesternich
2016, Dannenberg et al 2017). A summary of parti-
cipants can be found in table S1 in the SI. Though we
cannot rule out selection bias in the data, the concern
is mitigated because, when there is overlap, our find-
ings correspond to those reported in previous studies
(e.g. Dannenberg and Zitzelsberger 2019, Baum et al
2024). Moreover, our study provides insights from the
relative findings across strategic responses, delegate
roles, and country economic classification.

3. Results

3.1. Support for SRM

We begin by reporting the level of support for gov-
ernment funding for SAI research and development,
the deployment of SAI in the event of a climate emer-
gency, and the inclusion of SAI in international cli-
mate negotiations (UNFCCC). Figure 1 summarizes
the results. We segment responses by the delegate’s
role in the negotiations (Party, i.e. official country
representative, or Observer, i.e. non-governmental,
governmental) and whether they represent a country
in the Global North or Global South'”. Overall, 82.2%
of respondents that completed the survey were at least
slightly informed about SAI technologies.

12 Given unopened emails may not have been received (e.g. diver-
ted to spam folder), the response rate of 10.7% (871/11685) for only
opened emails provides an additional measure of responsiveness.
13 Figure 1 reports results for Party and Observer categories but
not the Other category. See supplementary table S1 for summary
of sample.
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While the distribution of party delegates is
roughly even between Global North and Global South
regions (52% and 48%, respectively) most of the
Observer delegates are from the Global North (84%
and 16%, respectively). The UNFCCC has recently
recognized the biased distribution of Observer deleg-
ates from the Global North and has adjusted its quota
system in an attempt to reduce this bias'*. Note that
the regression results reported in this section control
for delegate role, organization and region in order to
isolate the individual effects (see SI for more details).

One common theme is that Party delegates and
respondents from the Global South are generally
more favorable toward SAI compared to Observers
and those from the Global North. Party delegates
show relatively high levels of support for more
SAI research (54.1%), deployment in an emergency
(44.6%), and for including SAI in UNFCCC nego-
tiations (49.7%). These results are similar to those
reported by Dannenberg and Zitzelsberger (2019). It
is noteworthy that respondents from countries in the
Global South are the most supportive of greater fund-
ing for SAI research (58.4%) and including SAI in
negotiations (52.2%), and they also show relatively
strong support for deploying SAI in an emergency
(44.1%). These results align with the major findings
from other studies exploring regional perceptions and
opinions of SRM'°,

Overall, Observer delegates (NGOs, 1GOs, and
UN representatives) tend to be least favorable toward
SAI with only 35.6% supporting more research,
28.0% supporting emergency deployment and 31.3%
favoring SAI being included in negotiations.

To better understand the positions of delegates,
we asked for the underlying reasons for support or
opposition for deploying SAI in response to a climate
emergency. The summary of responses is displayed
in figure 2. To highlight a few key results, for climate
experts who oppose using SAl in a climate emergency,
81% believe it to be too risky and 68% think it will
lead to crowding-out of mitigation (also known as
moral hazard). For those in favor, 61% think SAI will
buy time to adequately reduce GHG emissions, while
only 28% indicate the relatively low cost of SAI as a
reason for support.

We asked delegates for their views on the like-
lihood that the ‘global community will create an

14GSee the Forward from the UNFCCC Executive Secretary
to the COP 29 Observer Handbook: https://unfccc.int/sites/
default/files/resource/Observer%20Handbook%20for%20COP29
%203008%20pub%20%281%29.pdf

15 The survey collected each respondent’s field of expertise, and
results indicate the strongest supporters of SAI initiatives earned
their highest degree or training in engineering. In contrast, natural
scientists and social scientists are far less supportive. This may have
important implications for participation shaping outcomes. See SI
figure S1.
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m Agree/Favor

Al Respondents
Funding Research & Observers 35.6 14 48
Bavalopniant
Global South
AlRespondents
Deploymentin
Emergency Observers 28 17.3 48.2
GiobatNort
Glabalouth
|nclude in Parties 49.7 11.5 34.4
Negotiations Observers 313 11.9 54.2
GiobalNorth

Global South 52.2 14.3

Figure 1. Support for SAI R&D, deployment in emergency, and inclusion in negotiations.

»N
©
(-]

m Neither m Disagree/Oppose  m Don't Know

Don't Know
8%

Neither
18%

Reasons why opposed: /

81% - Too Risky

68% - Crowding Out

60% - Moral/Ethical Issues
49% - Hard to Stop

22% - Too Costly

Figure 2. Support for deploying SAI in a climate emergency and the underlying reasons.

Reasons why in favor:

61% - Buys Time to Reduce GHGs
39% - May be Only Option

28% - Less Costly

23% - Less Risky

effective governance system for managing SAI’'®. In
general, respondents are pessimistic about the gov-
ernance of SAI. Less than 20% of all respondents
think effective governance is likely, with Observers
and delegates from the Global North being the most
pessimistic (12.5% and 11.1%, respectively). Global
South representatives are the least pessimistic with
34% thinking effective governance of SAT is likely.

3.2. Anticipated responses to SRM

Understanding the level of support for different
SAI activities is informative for understanding likely
future developments, but we now turn to exploring
the potential strategic responses to the arrival of SAL
Specifically, if SAI is developed, deployed or included

16 'We left the interpretation of ‘effective’ to respondents, acknow-
ledging that effectiveness has a wide range of uses and definitions
in the international relations literature (Young 2011).

in the negotiations, what are the likely consequences?
Although this remains speculative due to the lack of
empirical evidence, COP delegates are arguably the
best-informed group to provide a considered view.
Due to the role of the COP as an arena for intergov-
ernmental negotiations, we have limited the scope to
actions taken by countries but acknowledge that at
least some SRM technologies are of a cost and com-
plexity level that might allow also private actors to act
unilaterally.

3.2.1. Responses to research and development

We asked climate experts their opinions about poten-
tial global responses to SAI capacity building, deploy-
ment and inclusion in negotiations. Respondents
were first asked to consider a scenario in which a
country started to develop the capacity to deploy SAI
and to provide their opinions on the likelihood that
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Develop Similar Programs 79.7 95 5.1
Develop Countermeasures 53.4 16.9 19.3
Impose Diplomatic Sanctions 34.6 23.1 29.3
Impose Trade Sanctions 30.1 23 33.7
Take Military Action 11.6 20.5 55.4
mLikely mNeither mUnlikely = Don'tKnow
Figure 3. Anticipated global responses if one country starts to develop the capacity to deploy SAIL.
Develop Similar Programs 731 12.3 5

mLikely m Neither

Develop Countermeasures 64.9 12 13
Impose Diplomatic Sanctions 57.5 18.5 13.2
Impose Trade Sanctions 52.6 20.3 15.8
Take Military Action 25.9 23.1 38.5

Figure 4. Anticipated global responses if one country announces it will immediately start deploying SAIL.

m Unlikely mDon't Know

one or more countries would respond in the follow-
ing ways: develop similar programs, develop counter-
measures, impose diplomatic sanctions, impose trade
sanctions, and take military action.

We summarize the results for each of the five
response options for all participants. Figure 3 shows
that the likelihood measure of anticipated responses
cascades down as the potential responses become
more extreme. Most climate experts anticipate that
if a country develops capacity to deploy SAI, at least
one other country will respond in kind (79.7%). A
slim majority anticipate countermeasures or ‘counter
geoengineering’ being used (53.4%). Only a minority
of experts think responses will elevate to diplomatic
or trade sanctions (34.6% and 30.1%, respectively)
and 11.6% think that military responses are likely.

Estimates from probability model regressions
confirm there is little statistical difference in responses
by delegate’s role (Observer, Party or other), organ-
ization type (government, research, private, envir-
onmental NGO, other) and represented country’s
region (Global North/South). Full results are repor-
ted in SI table S3. However, we do find that Party
delegates are statistically more likely to anticipate

counter measures compared to Observers (p = 0.070)
and delegates with other roles (p = 0.230), and less
likely to anticipate diplomatic sanctions compared to
Observers (p = 0.065). Delegates from government
organizations are less likely to anticipate a military
response compared to delegates from research institu-
tions (p = 0.047), environmental NGOs (p = 0.060)
and other organizations (p = 0.052). Delegates from
government organizations are also less likely to pre-
dict trade sanctions as a response compared to those
from other organizations (p = 0.007)".

Responses to immediate deployment. We next asked
delegates for their opinions about the likelihood of
potential responses to a country announcing immedi-
ate deployment of SAIL The potential responses were
the same as in the previous question on building capa-
city to deploy SAIL The summary results are in figure 4
(additional results reported in SI table S4).

17 We also estimated the models when conditioning for how
informed respondents are about SAL In general, uninformed
respondents are slightly more pessimistic concerning anticipated
responses to SAI initiatives, but most impacts are statistically
insignificant.
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Reaching Paris Agreement Targets 17.5

Finding Innovative Approaches to Abate 26.7

Developing Effective Governance 26.8

Countries Deploying SAIl

Conflict Between Countries

Improving Climate Justice 22

m Likely m Neither

23.5 46.2
61.4 17.7 10
65.8 18 8.2
22 43.2

m Unlikely mDon't Know

Figure 5. Anticipated change in the likelihood of outcomes if SAI is formally included in climate negotiations.

We again observe a decreasing likelihood of
responses as the possibilities become more extreme
but note that a higher percentage of climate experts
anticipate more extreme responses compared to the
scenario about building capacity to deploy. Notably,
roughly 26% of experts believe a military response
to deployment is likely. Though the type of milit-
ary response is not defined, the literature typically
indicates it would be limited to targeting the deploy-
ment itself (Parker et al 2018, Lockyer and Symons
2019)'8.

Conditional estimates confirm very little statist-
ical difference in responses across delegate character-
istics with the exception of those from countries in
the Global North anticipating a higher likelihood of
diplomatic sanctions compared to those from Global
South countries (p = 0.030). Party delegates are less
likely than Observer delegates to expect a response
of another country developing a similar program
(p = 0.057).

Responses to inclusion of SRM in negotiations. Our
sample of climate experts were also asked to con-
sider a scenario in which SAI is formally included
in the global climate negotiations. They were then
asked how this would affect the likelihood of the
following outcomes: reaching global emissions tar-
gets under the Paris Agreement; finding innovative
approaches to reduce emissions; developing effective
global governance of the technologies; one or more
countries deploying SAI; conflict between countries
within negotiations; and improving climate justice
concerns. The summary results for all respondents are
in figure 5 (see SI table S5 for the full set of results).

Opverall, climate experts are generally pessimistic
about the outcomes of including SAI in UNFCCC
negotiations. Consistent with the moral-hazard con-
jecture, the largest fraction of delegates believe that

18 We note that Irvine et al (2019) points out that conflict may not
be inevitable because SGE deployment may offer widespread bene-
fits, especially if deployed in moderation.

including SAI in the formal negotiations will further
frustrate global climate actions on mitigation. The
modal response expects inclusion of SAI will reduce
the chances of achieving the Paris Agreement tar-
gets (46.2%) and realizing innovative approaches to
reduce GHG emissions (44.7%). Similarly, the largest
fraction of climate experts (43.2%) think includ-
ing SAI in negotiations is unlikely to improve cli-
mate justice concerns. A majority of experts believe
it will lead to a higher likelihood of countries actu-
ally deploying SAI (61.4%) and will increase conflict
between nations (65.8%).

Regression estimation reveals some interesting
heterogeneity in responses that are consistent with
the overarching theme that delegates from countries
in the Global South are more optimistic about SAI
compared to those from the Global North (see SI
table S5). Delegates from the Global North are less
likely to think including SAI in negotiations will help
meet Paris Agreement targets (p = 0.000) or lead to
innovative GHG abatement (p = 0.000). Delegates
from the Global North are more likely to think that
including SAT in negotiations will lead to deployment
(p = 0.009) and increased conflict (p = 0.025) com-
pared to those in the Global South. The regression res-
ults control for delegate roles and home organizations
and we find all control coefficients to be insignificant.

We also find that delegates from governmental
organizations are more likely to believe that includ-
ing the topic in negotiations will help reach Paris
Agreement targets compared to those from environ-
mental NGOs (p = 0.097) and less likely to believe
it will lead to deployment of SAI compared to those
from the private sector (p = 0.028).

4, Discussion and conclusion

The emergence of SRM complicates climate change
governance as it needs to restrain unilateral deploy-
ment of SRM in addition to the conventional task of
advancing collective action to reduce GHG emissions
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and adapt to climate change. We survey delegates
from recent UNFCCC COP meetings to gain insights
on the perceptions of the use, development and gov-
ernance of SRM technologies, particularly SAI, that
are held by this important group of climate policy
experts and decision makers. We find that half of the
Party delegates in our sample support including SRM
in the UNFCCC climate negotiation process. We also
find that a majority of Party delegates support SRM
research and development and just short of a major-
ity support the deployment of SRM in the event of a
climate disaster.

Despite a relatively high willingness to research
and deploy SRM, our sample of climate policy experts
are relatively pessimistic about the international com-
munity creating effective SRM governance. Less than
20% of respondents believe that effective governance
is likely. And despite the support for including SRM
in climate negotiations, respondents are pessimistic
about the benefits of doing so. They generally believe
it would sour the negotiations by making it less likely
to make progress on mitigation and increase the like-
lihood of conflict in the negotiations. Experts anticip-
ate conflict if a country were to unilaterally develop or
deploy SRM. While softer responses, such as develop-
ing counter measures, are considered most likely, the
perceived likelihood of stronger sanctions, including
military action, is noteworthy.

The overall picture that emerges is one where
many of the negotiators and observers attending the
COP appear willing to address SRM more seriously
as a strategy, despite the potential for a range of neg-
ative consequences. Respondents express little hope
for effective international governance of SRM, which
may be the reason some delegates support including
SRM in the UNFCCC negotiation process because
it ensures some level of international coordination
and the alternatives (e.g. SRM left ungoverned) would
lead to worse outcomes.

A key and consistent finding is that experts
from countries in the Global South are relatively
more supportive of SRM than those from the Global
North. This is generally consistent with previous
studies based on the opinions of the general pop-
ulation (Baum et al 2024, Sugiyama et al 2024).
We extend this literature with results that indicate
the Global South is not only more supportive of
SRM but are more optimistic about SRM. The del-
egates from countries in the Global South, relative
to those from the Global North, anticipate better
outcomes from including SRM in the UNFCCC cli-
mate negotiations. And relatedly, the Global South
is more optimistic that the global community will
achieve effective governance of SRM technologies.
The relatively supportive and optimistic perceptions
of SRM in the Global South may reflect that coun-
tries in the Global South expect to suffer dispro-
portionately from global climate change damages.

T L Cherry et al

It is unsurprising that vulnerable regions are more
willing to seriously consider SRM as an option to
potentially reduce climate impacts. In terms of ‘dis-
tributive justice’ (i.e. perceptions of fairness regard-
ing the outcomes from SRM) the Global South may
have the most to gain from climate interventions.
However, there are also important concerns in the
Global South regarding ‘procedural justice’ (i.e. fair-
ness and inclusion in the decision-making process)
(Fritz et al 2024). The non-use agreement proposed
by Biermann et al (2022) has led to concerns about
the agreement violating both types of justice related
to SRM. The non-use agreement does not protect
the Global South from impending climate damages,
while most of the signatories to the non-use agree-
ment are from the Global North, which challenges
notions of procedural justice in SRM decision mak-
ing (Parson et al 2024).

The governance challenges of SRM can be exacer-
bated by strategic incentives for exclusive coalitions,
where smaller groups of actors (clubs) may pur-
sue SRM for their regional benefit at the expense
of broader global interests, an issue made more rel-
evant by the large differences we find in regional
attitudes towards SRM. These dynamics could risk
undermining equity and inclusiveness in decision-
making, adding emphasis to the importance of insti-
tutional frameworks that deter exclusionary practices
and foster broad participation to ensure fair and glob-
ally representative governance (Ricke et al 2013).

The findings should be considered within the
study’s limitations. First, previous work has estab-
lished that the pre-existing knowledge about SRM is
very low and quite susceptible to the framing and
information presented (e.g. Raimi 2021). Our chosen
target population is better informed about climate
change and climate policy than the general public but
are not experts on SRM. To focus on respondent per-
ceptions based on their existing understanding, we
limited the amount of framing of SRM in the survey.
Therefore, findings represent a baseline that would
evolve over time with continued discussions. Another
limitation of our study is that because SRM has not
yet been widely deployed, the responses about anti-
cipated responses are necessarily speculative. While
the delegates are highly knowledgeable about inter-
national climate policy, their assessments may still
lack empirical grounding for this new and unfamiliar
policy option. Furthermore, the results cannot speak
to the intensity of anticipated responses to SRM capa-
city building and deployment. For example, a military
response could range from a relatively benign action,
such as a single country’s involvement in domestic
SRM development, to a more extreme scenario, like
a global climate conflict.

As the prospects for SRM become more likely,
it is important to understand the potential strategic
and governance implications from the emergence of
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SRM. Our findings offer new insights, including a
non-trivial risk for conflict and a daunting task of
effective governance. The risk of international con-
flict highlights the need for the global community to
be prepared for likely security implications of SRM
(e.g. Versen et al 2021). Also, results reveal import-
ant differences between the Global North and South,
where respondents from the South are generally more
supportive of SRM, and more optimistic regarding
the consequences of including SRM in the climate
negotiations.
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