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Appendix 1: Methodological details

We use a standard protocol for preparing rapid evidence profiles (REP) to ensure that our approach to identifying
research evidence is as systematic and transparent as possible in the time we were given to prepare the profile.

Identifying research evidence
For this REP, we searched Social Systems Evidence, Web of Science, and Scopus for evidence syntheses.

We searched Social Systems Evidence using an open text search: “solar radiation modification” “stratospheric aerosol
injection” “solar geoengineering” “climate engineering”.

We ran a second in Web of Science using: ((((((((((TS=(“Solar Radiation Modification”)) OR TS=(*solar radiation
management”)) OR TS=(“stratospheric aerosol injection”)) OR TS=(“solargeoengineering”)) OR TS=(“climate
engineering”)) OR TS=(“climate intervention”)) OR Tl=(albedo* AND (modification or increas* or alteration))) OR
TS=(“marine cloud brightening”)) OR TS=(“cirrus cloud thinning”)) OR TS=(“Spaces mirrors”)) OR TS=(“Space
sunshades”).

We ran a third search in GEOBASE and GeoReference using: ((((((((((((“Solar Radiation Modification”) WN KY) OR
((“solar radiation management”) WN KY)) OR ((“stratospheric aerosol injection”) WN KY)) OR ((“solar geoengineering”)
WN KY)) OR ((“climate engineering”) WN KY)) OR ((“climate intervention”) WN KY)) OR ((albedo* AND (modification or
increas* or alteration)) WN TI)) OR ((“marine cloud brightening”) WN KY)) OR ((“cirrus cloud thinning”) WN KY)) OR
((“Spaces mirrors”) WN KY)) OR ((“Space sunshades”) WN KY)).

Finally, we ran a fourth search in SCOPUS using: ( TITLE-ABS-KEY ( “Solar Radiation Modification” ) OR TITLE-ABS-
KEY ( “solar radiation management” ) OR TITLE-ABS-KEY ( “stratospheric aerosol injection” ) OR TITLE-ABS-KEY (
‘solar geoengineering” ) OR TITLE-ABS-KEY ( “climate engineering” ) OR TITLE-ABS-KEY ( “climate intervention” ) OR
TITLE ( albedo* AND (modification OR increas® OR alteration )) OR TITLE-ABS-KEY ( “marine cloud brightening” ) OR
TITLE-ABS-KEY ( “cirrus cloud thinning” ) OR TITLE-ABS-KEY ( “Spaces mirrors” ) OR TITLE-ABS-KEY ( “Space
sunshades” )).

Links provide access to the full search strategy. We are unable to provide a link to the GEOBASE/GeoReference or
Scopus searches as they are linked to institutional accounts.


https://www.socialsystemsevidence.org/search?best=false&p=0&q=
https://www.webofscience.com/wos/alldb/summary/0c4f44da-0bde-4a1e-968e-9b544605f5c8-0123bb700f/relevance/1

Each source for these documents is assigned to one team member who conducts hand searches (when a source
contains a smaller number of documents) or keyword searches to identify potentially relevant documents. A final
inclusion assessment is performed both by the person who did the initial screening and the lead author of the rapid
evidence profile, with disagreements resolved by consensus or with the input of a third reviewer on the team. The team
uses a dedicated virtual. channel to discuss and iteratively refine inclusion/exclusion criteria throughout the process,
which provides a running list of considerations that all members can consult during the first stages of assessment.
Excluded documents are listed in Appendix 6. The team has also included a PRISMA diagram in Appendix 7 to help
illustrate the state of the literature and particular inclusion decisions.

During this process we include published, pre-print, and grey literature, but we did not undertake a specific search for
either pre-print or grey literature. We do not exclude documents based on the language of a document. However, we are
not able to extract key findings from documents that are written in languages other than Chinese, English, French,
Portuguese, or Spanish. We provide any documents that do not have content available in these languages in an
appendix containing documents excluded at the final stages of reviewing.

Assessing relevance and quality of evidence

We assess the relevance of each included evidence document as being of high, moderate, or low relevance to the
question.

Two reviewers independently appraised the quality of the guidelines we identified as being highly relevant using AGREE
ll. We used three domains in the tool (stakeholder involvement, rigour of development, and editorial independence) and
classified guidelines as high quality if they were scored as 60% or higher across each of these domains.

Two reviewers independently appraise the methodological quality of evidence syntheses that are deemed to be highly
relevant using the first version of the AMSTAR tool. Two reviewers independently appraise each synthesis, and
disagreements are resolved by consensus with a third reviewer if needed. AMSTAR rates overall methodological quality
on a scale of 0 to 11, where 11/11 represents a review of the highest quality. High-quality evidence syntheses are those
with scores of eight or higher out of a possible 11, medium-quality evidence syntheses are those with scores between
four and seven, and low-quality evidence syntheses are those with scores less than four. It is important to note that the
AMSTAR tool was developed to assess evidence syntheses focused on clinical interventions, so not all criteria apply to
those pertaining to health-system arrangements or implementation strategies. Furthermore, we apply the AMSTAR
criteria to evidence syntheses addressing all types of questions, not just those addressing questions about
effectiveness, and some of these evidence syntheses addressing other types of questions are syntheses of qualitative
studies. While AMSTAR does not account for some of the key attributes of syntheses of qualitative studies, such as
whether and how citizens and subject-matter experts were involved, researchers’ competency, and how reflexivity was
approached, it remains the best general quality-assessment tool of which we’re aware. Where the denominator is not
11, an aspect of the tool was considered not relevant by the raters. In comparing ratings, it is therefore important to keep
both parts of the score (i.e., the numerator and denominator) in mind. For example, an evidence synthesis that scores
8/8 is generally of comparable quality to another scoring 11/11; both ratings are considered ‘high scores.’ A high score
signals that readers of the evidence synthesis can have a high level of confidence in its findings. A low score, on the
other hand, does not mean that the evidence synthesis should be discarded, merely that less confidence can be placed
in its findings and that it needs to be examined closely to identify its limitations. (Lewin S, Oxman AD, Lavis JN, Fretheim
A. SUPPORT Tools for evidence-informed health Policymaking (STP): 8. Deciding how much confidence to place in a
systematic review. Health Research Policy and Systems 2009; 7 (Suppl1): S8.)

Preparing the profile

Each included document is cited in the reference list at the end of the REP. For all included guidelines, evidence
syntheses and single studies (when included), we prepare a small number of bullet points that provide a summary of the
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key findings, which are used to summarize key messages in the text. Protocols and titles/questions have their titles
hyperlinked, given that findings are not yet available.

We then draft a summary that highlights the key findings from all highly relevant documents (alongside their date of last
search and methodological quality).

Upon completion, the REP is sent to a subject-matter expert for their review.



Appendix 2: Details about each identified evidence synthesis

change, facilitating new opportunities for research as well as public
engagement, and developing an alternative to the worst-case
scenario of human extinction.

e Major challenges of geoengineering include unequal distribution of
costs, benefits, and harms to vulnerable populations and future

Dimension of Declarative title and key findings Relevance | Living Quality Lastyear | Availability Equity
organizing framework rating status | (AMSTAR) literature of GRADE | considerations
searched profile

e Methods of solar Existing atmospheric, hydrospheric, and cryospheric geoengineering High No 2/9 Published No e None
radiation techniques can lead to decreased sea-level rise, but optimal June 2023 identified
modification implementation will require thoughtful consideration of complex
o Stratospheric atmospheric effects and the coordination and alignment of techniques (1)

aerosol e The evidence synthesis examines the extent to which atmospheric,
injections hydrospheric, and cryospheric geoengineering techniques can lead to
o Cirrus cloud decreased sea-level rise.
thinning ¢ Though the evidence synthesis provides transparent methods, no
o Marine cloud approach for assessing the quality of included evidence documents
brightening has been used and similarly the table of included studies does not
o Space mirrors include methods of the included literature.

o Benefitsorharms of | e The evidence synthesis found that, if implemented at a moderate
solar radiation intensity, stratospheric aerosol injection could impede radiative
modification forcing from greenhouse gases but may result in enhanced

precipitation variability over the oceans and excessive cooling effects
in some areas.

o Similarly, cirrus cloud thinning can decrease atmospheric
temperatures, but can also lead to more warming in the stratosphere
and change the complex atmospheric circulation.

e The evidence synthesis found that marine cloud brightening
technique can inhibit sea level rise, but it is limited by the available of
stratocumulus clouds that are currently in only 10% of the Earth’s
surface.

o Finally, for sea ice restoration, it is unclear how the reflective
materials could impact local fauna and there is a lack of mainstream
policy support for ice restoration techniques.

e Methods of solar Given the evolving dynamics of the ethics of geoengineering, evidence High No 2/9 January No e Vulnerable
radiation suggests that there has been a gradual shift in more recent years from 2020 populations
modification the initial favouring of geoengineering to a more cautionary endorsement

e Benefits or harms of | considering the challenges identified (2)
solar radiation ¢ Major opportunities in geoengineering include confronting the climate
modification emergency, creating cost-effective options to address climate



https://www.sciencedirect.com/science/article/pii/S0012825223001204#s0140
https://www.sciencedirect.com/science/article/pii/S0012825223001204#s0140
https://www.sciencedirect.com/science/article/pii/S0012825223001204#s0140
https://www.sciencedirect.com/science/article/pii/S0012825223001204#s0140
https://link.springer.com/article/10.1007/s11948-020-00258-6
https://link.springer.com/article/10.1007/s11948-020-00258-6
https://link.springer.com/article/10.1007/s11948-020-00258-6
https://link.springer.com/article/10.1007/s11948-020-00258-6

Dimension of Declarative title and key findings Relevance | Living Quality Last year Availability Equity
organizing framework rating status | (AMSTAR) literature of GRADE | considerations
searched profile
generations, the complexity of developing an adequate governance
mechanism, irreducible uncertainties with geoengineering
techniques, concerning risks of large-scale trans-boundary
interventions, moral hazard challenges, and ecological challenges.

o Solar radiation Solar Radiation Modification (SRM) geoengineering methods literature High No 219 2023 No e No
modification largely reliant on modelling studies, suggests that they could weaken the
o Stratospheric hydrologic cycles (e.qg., the continuous circulation of water in the Earth-

aerosol Atmosphere system) by reducing precipitations, while Stratospheric
injections Aerosol Injection (SAI) might be the most effective technique in reducing

e Benefits or harms of | global warming with minimal evaporation change (3)
solar radiation e The size of prescribed aerosol particles to be injected as well as their
modification altitude and latitudinal precipitation may vary resulting in different

calculations of reduced precipitation.

e SAlis the SRM technique mostly studied in the literature, in which the
stratosphere is injected with sulphate particles, making solar radiation
reflected.

o Studies suggest that greenhouse effects would be larger if SAl is
conducted at lower altitude with larger aerosol particles.

e Methods of solar A review exploring the social, economic, and ethical implications of High No 2/9 2022 No e Place of
radiation deploying SRM technigues concludes that solar geoengineering will likely residence
modifications cause a decrease on the potential of renewable energies (4)

o Benefitsorharmsof | ® SRM techniques can be divided into those with global impact (e.g.,
solar radiation reflective mirrors in space) and those with a more local impact (e.g.,
modifications painting urban surfaces white), and in their aim to modify atmospheric

o Equity albedo.
considerations e Solar geoengineering is likely to have effects on the renewable
o Countries in the energy potential, and mostly to solar energy, biomass energy, hydro

Global South energy, and wind energy.

o Due to the reduction on the need to lower carbon emissions, solar
geoengineering might delay the transition and uptake to renewable
energies.

e Methods of solar Solar geoengineering (SG) literature is dominated by research supporting High No 119 2024 No e None
radiation its implementation or application and mainly focusing on decision-making reported
modifications aspects, neglecting cultural and ethical dimensions (5)

e Governance of solar
radiation
modifications

o Ethical implications

o Equity
considerations

¢ Solar geoengineering literature is dominated by research supporting
its implementation or application, rather than discussion papers
presenting research and discussion around it.

e Solar geoengineering literature is mainly focusing on informing
decision-making, but they do not provide concrete guidance on how
they can do so.



https://iopscience.iop.org/article/10.1088/1755-1315/1238/1/012030/pdf#:~:text=In%20general%2C%20SRM%20is%20projected,many%20parts%20of%20the%20world.
https://iopscience.iop.org/article/10.1088/1755-1315/1238/1/012030/pdf#:~:text=In%20general%2C%20SRM%20is%20projected,many%20parts%20of%20the%20world.
https://iopscience.iop.org/article/10.1088/1755-1315/1238/1/012030/pdf#:~:text=In%20general%2C%20SRM%20is%20projected,many%20parts%20of%20the%20world.
https://iopscience.iop.org/article/10.1088/1755-1315/1238/1/012030/pdf#:~:text=In%20general%2C%20SRM%20is%20projected,many%20parts%20of%20the%20world.
https://iopscience.iop.org/article/10.1088/1755-1315/1238/1/012030/pdf#:~:text=In%20general%2C%20SRM%20is%20projected,many%20parts%20of%20the%20world.
https://iopscience.iop.org/article/10.1088/1755-1315/1238/1/012030/pdf#:~:text=In%20general%2C%20SRM%20is%20projected,many%20parts%20of%20the%20world.
https://www.mdpi.com/1996-1073/15/19/7315
https://www.mdpi.com/1996-1073/15/19/7315
https://www.mdpi.com/1996-1073/15/19/7315
https://www.sciencedirect.com/science/article/pii/S2214629624003700
https://www.sciencedirect.com/science/article/pii/S2214629624003700
https://www.sciencedirect.com/science/article/pii/S2214629624003700

Dimension of Declarative title and key findings Relevance | Living Quality Last year Availability Equity
organizing framework rating status | (AMSTAR) literature of GRADE | considerations
searched profile

o Countries in the
Global South

o Countries that
are
disproportion-
ately impacted
by climate
change

e Methods of solar The identification and quantification of uncertainties varies greatly in High No 4/9 February No e None
radiation studies on stratospheric aerosol injections, but it is improving overtime 2021 reported
modification and the literature is paying more attention to uncertainty estimations (6)

o Stratospheric e This evidence synthesis examines how published research on
aerosol stratospheric aerosol injection models establish and communicate
injections confidence and uncertainties.

e The synthesis notes three main sources of uncertainty: model
uncertainty, scenario uncertainty, and uncertainty related to internal
climate variability.

e Model performance and perceived accuracy can be examined by
looking at the model fit (how well the model matches to observational
data) and the robustness (how well the model results agree with
other models).

e The synthesis focused on model uncertainty and uncertainty related
to internal climate variability as included articles used non-
standardized scenarios and lacked quantitative scenario uncertainty
estimations.

e Approximately one-third of the reviewed articles were using more
than one model in order to explore model uncertainty, often using a
multi-model ensemble; however, perturbed physical ensemble and
sensitivity analysis were occasionally used in older models.

o For natural variability uncertainty, the use of initial condition large
ensembles was rare in the sample and scenario uncertainty was not
analysed in the study.

e Methods of solar Literature on climate geoengineering has grown exponentially; however, Medium No 1/9 2013 No e None
radiation very little of it is empirically based and the majority of it embraces a dual reported
modification high-stake framing, advocating for careful research without fully

e Benefits or harms of | embracing or rejecting these new technologies (7)
solar radiation e The evidence synthesis reviews the climate geoengineering literature
modification between 2006 and 2013, noting a substantial increase in the volume

e Ethical implications of literature, particularly in those related to natural science though

also relevant to social sciences in later years.



https://academic.oup.com/oocc/article/4/1/kgae007/7699797
https://academic.oup.com/oocc/article/4/1/kgae007/7699797
https://academic.oup.com/oocc/article/4/1/kgae007/7699797
https://wires.onlinelibrary.wiley.com/doi/epdf/10.1002/wcc.333
https://wires.onlinelibrary.wiley.com/doi/epdf/10.1002/wcc.333
https://wires.onlinelibrary.wiley.com/doi/epdf/10.1002/wcc.333
https://wires.onlinelibrary.wiley.com/doi/epdf/10.1002/wcc.333

Dimension of
organizing framework

Declarative title and key findings

Relevance
rating

Living
status

Quality
(AMSTAR)

Last year
literature
searched

Availability
of GRADE
profile

Equity
considerations

The synthesis notes that modelling studies dominate the natural
science papers and only about a quarter of the included literature had
noted methods, with even fewer citing actual field studies; rather the
majority included focus group interviews, game theory analysis,
ethical analysis, argumentation analysis, and discourse analysis.

The body of literature saw increases in publications on solar radiation
modification as well as carbon dioxide removal, with many more
addressing solar radiation modification.

Much of the included literature positioned the risks and benefits as
being catastrophic on both sides.

Many of the included recommendations from the examined literature
focused on next steps in research.

e Methods of solar
radiation
modification

e Viewsand
experiences

Studies examining public opinion about geoengineering highlight a lack of

widespread knowledge about approaches, significant concerns about the

risks of geoengineering, and the perceived need for a governance

framework for both research, testing, and deployment (8)

The evidence synthesis aims to review the public perceptions of

geoengineering, including solar radiation modification, carbon dioxide

removal, and carbon capture and storage.

The synthesis aims to support the use of adaptive and anticipatory

governance, which can be improved through engagement of the

public to identify implications on human and environmental health as

well as to understand the level of acceptance among stakeholders.

Of the included literature, about half included quantitative data from

surveys or experimental designs, while the rest use qualitative

approaches including interviews and focus groups.

As a first theme, the synthesis identified that few people were familiar

with geoengineering, particularly with stratospheric aerosol injection.

The second theme noted that many members of the public were

intrigued by the benefits of geoengineering but risks associated with

their use reduced public support; findings included:

o the public perceived more risk than benefit from geoengineering,
particularly from solar radiation modification

o while some benefits were noted, the public generally believed
that we should hold off until other mitigation efforts become
insufficient

o the public participants in particular studies noted a benefit of
stopping climate emergencies using solar radiation modification
and being cheaper than stopping the use of fossil fields

High

No

4/9

2015

No

o None
reported



https://www.int-res.com/articles/cr2017/73/c073p247.pdf
https://www.int-res.com/articles/cr2017/73/c073p247.pdf
https://www.int-res.com/articles/cr2017/73/c073p247.pdf
https://www.int-res.com/articles/cr2017/73/c073p247.pdf

organizing framework

Dimension of

Declarative title and key findings

Relevance
rating

Living
status

Quality
(AMSTAR)

Last year
literature
searched

Availability
of GRADE
profile

Equity
considerations

o carbon dioxide removal was generally preferred over solar
radiation modification methods, as it is viewed as more natural
and in sync with the environment.

e Though there is little support for its use, the public provided strong
support for continued laboratory research for solar radiation
modification but not for field testing.

e Many of the included studies called on the development of
international governance approaches for research, testing, and any
future deployment.

Methods of solar
radiation
modification

Through bibliometric analysis of climate engineering research from 1988

to 2011, the study revealed that SRM publications emerged as a
significant focus area, particularly after 2006, with a notable surge
between 2006 and 2009: however, SRM represented a smaller portion
(approximately 26%) of total climate engineering publications compared
to CO2 removal methods, and SRM research groups tended to work
relatively independently with limited collaboration across different
methods (9)

High

No

2/9

2011

No

o None
reported



https://wires.onlinelibrary.wiley.com/doi/10.1002/wcc.229
https://wires.onlinelibrary.wiley.com/doi/10.1002/wcc.229
https://wires.onlinelibrary.wiley.com/doi/10.1002/wcc.229
https://wires.onlinelibrary.wiley.com/doi/10.1002/wcc.229
https://wires.onlinelibrary.wiley.com/doi/10.1002/wcc.229
https://wires.onlinelibrary.wiley.com/doi/10.1002/wcc.229
https://wires.onlinelibrary.wiley.com/doi/10.1002/wcc.229
https://wires.onlinelibrary.wiley.com/doi/10.1002/wcc.229

Appendix 3: Details about each identified single study

modification
o Marine cloud
brightening
o Benefits or harms of solar
radiation modification

fogqing that provides temporary shading for hours to days using small water particles

sprayed from ships, and 2) marine cloud brightening that aims to cool larger reef areas for

weeks to months by spraying salt particles to increase cloud reflectivity, though this

technology is still about 10 years away from deployment readiness (11)

o Both fogging and cloud brightening deploy particles from ships, but use different nozzle
types and particle sizes for localized versus regional effects.

o Models show cloud brightening could significantly reduce heat stress, with fogging
effects lasting hours to days and cloud brightening effects potentially lasting weeks to
months.

o Scaling difficulties (cloud brightening would need to cover half the Great Barrier Reef),
high energy requirements, complex regulations, challenges measuring effectiveness,
limited public engagement, and estimated high costs are key hurdles for both
approaches.

e Potential negative impacts include altered inland forest precipitation, effects on coastal
ecosystems and water tables, weather pattern changes affecting agriculture, and
uneven spatial protection.

Jurisdiction studied:
Queensland,
Australia,

Methods used:
Qualitative case study

Dimension of organizing Declarative title and key findings Relevance Study Equity
framework rating characteristics considerations
o Methods of solar radiation | The researchers propose SCoPEx as a small-scale stratospheric experiment to study key High Publication date: 2014 | o No
modification uncertainties in solar radiation modification (SRM), specifically focusing on how sulfate
o Stratospheric aerosol | aerosols would interact with stratospheric chemistry and affect ozone, while emphasizing Jurisdiction studied:
injections the need for rigorous oversight and the experiment’s deliberately limited scale compared to United States,
actual SRM deployment (10) Sweden
o The experiment proposes using a propelled balloon system at ~20km altitude to create a
small, perturbed volume in the stratosphere by injecting sulfate aerosols and water Methods used:
vapour. Stratospheric
e The study explicitly notes that SCoPEX's unique propelled balloon design would allow controlled
controlled study of aerosol microphysics and chemical interactions without meaningfully perturbation
advancing deployment capabilities. experimental design
e The study emphasizes that despite the experiment's small scale, it would only proceed
with independent risk assessment, public funding, and full transparency, given the
controversial nature of SRM research.
e Methods of solar radiation | SRM efforts in Australia’s Great Barrier Reef involve two main approaches: 1) localized High Publication date: 2023 | ¢ None reported



https://pubmed.ncbi.nlm.nih.gov/25404681/
https://pubmed.ncbi.nlm.nih.gov/25404681/
https://pubmed.ncbi.nlm.nih.gov/25404681/
https://pubmed.ncbi.nlm.nih.gov/25404681/
https://pubmed.ncbi.nlm.nih.gov/25404681/
https://journals.plos.org/climate/article?id=10.1371/journal.pclm.0000221
https://journals.plos.org/climate/article?id=10.1371/journal.pclm.0000221
https://journals.plos.org/climate/article?id=10.1371/journal.pclm.0000221
https://journals.plos.org/climate/article?id=10.1371/journal.pclm.0000221
https://journals.plos.org/climate/article?id=10.1371/journal.pclm.0000221

Dimension of organizing
framework

Declarative title and key findings

Relevance
rating

Study
characteristics

Equity
considerations

Methods of solar radiation
modification

The B*SAP project establishes baseline measurements of stratospheric aerosol properties
using balloon-borne instruments, demonstrating the ability to detect and characterize both
natural and potential anthropogenic perturbations to stratospheric aerosols (12)

o By tracking aerosol concentrations from ground level to 28km above Boulder, Colorado,
researchers documented stable baseline conditions where particle concentrations
typically vary by just 2—4 times.

e This stability makes perturbations readily detectable, as demonstrated when the
Raikoke and La Soufriére volcanic eruptions produced 10-fold increases in aerosol
concentrations.

o These events showcased distinct patterns — Raikoke's larger SO: injection led to both
increased particle numbers and larger particle sizes, while La Soufriére primarily
affected smaller particle concentrations.

o The study demonstrates capabilities to track and measure changes in aerosol
concentration, size distribution, and optical properties — key parameters for assessing
radiative impacts.

e This research establishes methodology for long-term monitoring at multiple global sites
that could help evaluate any future stratospheric aerosol injection (SAl) efforts as a
climate intervention strategy.

High

Publication date: 2023

Jurisdiction studied:
United States, New
Zealand

Methods used:
Observational study
with longitudinal data
collection

o None reported

Methods of solar radiation
modification

Benefits or harms of solar
radiation modification

Surface albedo modification (SAM) using hollow glass microspheres (HGMs) shows
potential as a localized solar radiation modification approach to help preserve Arctic ice,
with experimental results demonstrating a 29% increase in surface reflectivity and
corresponding reduction in ice melt rates when applied to pond ice (13)

e The experimental results showed a substantial increase in average daily albedo from
0.17 to 0.36, leading to a 29% reduction in radiative energy absorption and a 33%
reduction in ice volume melt rate.

e Unlike global-scale solar radiation modification approaches, SAM can be implemented
within territorial boundaries without requiring extensive international coordination, poses
fewer governance and safety concerns, and represents a status quo preservation
approach rather than an alternative to emissions reduction.

e The study validated both durability and effectiveness of HGMs through winter
conditions, demonstrating survival through snowfall and high winds while maintaining
reflective properties post-snow melt.

e The study confirms SAM’s mechanism for ice preservation by targeting the ice albedo
feedback loop specifically, showing that a 30% reduction in radiative energy leads to
proportional reduction in ice melt rate, suggesting potential for scaled implementation in
Arctic environments.

High

Publication date: 2022

Jurisdiction studied:
United States

Methods used:
Experimental design

o None reported

Methods of solar radiation

modification

o Stratospheric aerosol
injections

Geoengineering experiments face a complex patchwork proponents and opponents who
use a range of strategies to gain support for their perspective that have largely stalled field
experiments for solar radiation modification (14)

High

Publication date:
August 2022

Jurisdiction studied:
Global

e Place of
residence
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https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2022JD038041
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2022JD038041
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2022JD038041
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2022EF002883
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2022EF002883
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2022EF002883
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2022EF002883
https://www.sciencedirect.com/science/article/pii/S2214629622000986#bb0485
https://www.sciencedirect.com/science/article/pii/S2214629622000986#bb0485
https://www.sciencedirect.com/science/article/pii/S2214629622000986#bb0485

Dimension of organizing
framework

Declarative title and key findings

Relevance
rating

characteristics

Study

Equity

considerations

o Marine cloud
brightening

o Space mirrors

Governance of solar

radiation modifications

The study examines who defends and opposes early-stage experiments for 21 radical
climate interventions including solar geoengineering approaches, marine cloud
brightening, and stratospheric aerosol injection among others.

Marine cloud brightening was identified in three experiments E-PEACE, MCB Project

and MCB Project for the Great Barrier Reef.

o E-PEACE was not described as a field demonstration or geoengineering and so
avoided opposition, but it did provide a proof of concept that marine cloud
brightening is possible for some cloud conditions.

o The Marine Cloud Brightening Project for the Great Barrier Reef (Reef Restoration
and Adaption Program) is currently underway and provides an example of
governance over this type of technology where an academic-like procedure was
used with the investigator complying with all domestic environmental laws and
acquiring the consent of Indigenous custodians.

Three projects of stratospheric aerosol injection are noted, but only one took place

though it is highly controversial given it was done without any broader governance

mechanisms.

o The remaining two tests which were both part of wider research consortiums were
stalled due to public and Indigenous opposition, but this provided the foundational
case for the responsive research and innovation framework.

Common themes motivating controversy and opposition to experiments identified in the

study include:

o oppositional strategies from environmental non-governmental organizations include
a standardized set of tactics focused on the delay of decarbonization, entrenched
global inequities, and overly optimistic results

o strategies supporting climate geoengineering include scientists emphasizing the
small scale of their work, the use of academic procedures, and the use of
governance frameworks such as those for responsible research and innovation

o attimes some experiments try to avoid ties to geoengineering and instead focus on
having multiple beneficial outcomes beyond their climate impact (e.g., other
adaptive strategies).

o three groups have emerged that are critical to these experiments — institutional
scientists, Indigenous actors, and entrepreneurial actors.

Methods used:
Qualitative case study

Methods of solar radiation

modification

o Marine cloud
brightening

Benefits or harms of solar

radiation modification

Cumulus clouds that are dominant over the Great Barrier Reef in the summer appear to be

amenable to marine cloud brightening (15)

The study reports on the first flight of a new airborne research laboratory to support the
small-scale field experiment of marine cloud brightening in Australia.

The study provides considerable details about the aircraft and its instrumentation.
Measurements of aerosols and clouds, meteorological conditions, and sea-salt plumes
were undertaken to determine whether the aircraft could act as a reliable platform to
conduct measurements of marine clouds.

High

Publication date:

August 2024

Jurisdiction studied:

Australia

Methods used: Case

report

e Place of
residence
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https://www.sciencedirect.com/org/science/article/pii/S2634360624000669
https://www.sciencedirect.com/org/science/article/pii/S2634360624000669

Dimension of organizing Declarative title and key findings Relevance Study Equity
framework rating characteristics considerations
e The study found that both clean and polluted clouds formed over the reef and in
particular that polluted clouds are travelled from mainland Australia to the reef and
changing how clouds form and importantly that they produce less rain.
e Methods of solar radiation | The actors involved in negative emissions and in solar radiation modification demonstrate High Publication date: e Place of
modification diverse views with respect to their support and opposition, with less opposition to negative August 2022 residence
o Stratospheric aerosol | emissions as compared to solar radiation modification approaches (16)
injections o The study uses expert interviews to examine the legitimacy of actors’ potential decisions Jurisdiction studied:
o Marine cloud thinning to deploy solar radiation modification technologies and the legitimacy of the Global
o Space mirrors technologies themselves.
o Views and perspectives e The study includes 10 solar radiation modification options and highlights very limited Methods used:
 Equity considerations support for solar engineering but a much broader and more valuable global market for Qualitative interviews
o Countries in the negative emissions.
Global South o The most relevant social actors identified for solar engineering are governments,
scientists, environmental non-governmental organizations, and civil society and
innovation and industry.
¢ In contrast innovation and industry followed by government and scientists are the most
relevant interest groups for negative emissions.
o The studies analysis of support for or opposition found that solar radiation modification
and engineered approaches face unresolved controversy and are not as broadly
supported as negative emissions technologies; further actors involved in solar radiation
modification continue to focus on Global North, with the U.S. remaining at the epicentre
of both technologies.
e Methods of solar radiation | Data from volcanic eruptions shows that these events had substantial effects on sunlight High Publication date: None reported
modification and the amount of precipitation, which may affect agricultural yields (17) August 2018
e Volcanic stratospheric sulfate aerosols (SSA) scattering would negatively affect yields,
but only contemporaneous exposure to SSA matters for this effect. Jurisdiction studied:
e Volcanic SSAs have substantial insolation-mediated costs that are similar in magnitude Global estimations
to their benefits from cooling, suggesting that SRM may not be able to reduce the based on data from
impact of climate change on agricultural yields. Mexico and the
Philippines
Methods used:
Simulations based on
natural experiments
o Methods of solar radiation | Analyses from temperature data of three volcanic eruptions during the 1960s and 1990s High Publication date: No
modification showed inconsistencies in the magnitude of warming signals of the atmosphere, but a clear December 2015

consistent atmospheric temperature response due to the eruptions (18)

o Data from the Mount Pinatubo (Philippines) eruption suggests a strong warming signal
in the tropical lower stratosphere, and a weak cooling signal in the subtropical upper
troposphere.

Jurisdiction studied:
Global estimations

based on data from
Mexico, the
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Dimension of organizing Declarative title and key findings Relevance Study Equity
framework rating characteristics considerations
o Data from the EI Chichén (Mexico) eruption suggests warming signals in the tropical Philippines, and
lower stratosphere smaller than Mount Pinatubo’s signals. Indonesia
o Data from the Mount Agung (Indonesia) eruption suggests an asymmetric temperature
response in the equator with a strong warming signal in the Southern Hemisphere Methods used: Re-
midlatitude upper troposphere to lower stratosphere. analyzing data from
natural experiments of
volcanic eruptions
o Methods of solar radiation | A series of significant volcanic eruptions took place during 751-940 CE, which resulted in High Publication date: April | None identified
modification considerable changes to the climate in Europe as well as to Nile River flooding patterns (19) 2024
e Using ice core analysis from multiple sites in Iceland and Greenland the study examined
a previously unrecognized period of intense volcanic activity in Iceland from 751-940 Jurisdiction studied:
CE. Iceland, Greenland
e The study identified that there was much volcanic activity during this time period, leading
to volcanic sulfate levels being 1.6 times higher than the previous period of volcanic Methods used:
activity. Geological analysis
e The study also found that the volcanic eruptions it had an intense effect on weather (cyptotephra
leading to strong winter cooling across Europe and changes to the Nile River flooding analyses, sulfur
patterns. isotope analyses, and
o The paper notes that there was likely greater sensitivity to volcanic aerosols due to the glaciochemical
absence of anthropogenic pollution. volcanic tracers)

o Methods of solar radiation | After making a relative comparison of the size of two major volcanic eruptions — EI Chichon High Publication date: June None identified
modification in April 1982 and Mount Pinatubo in June 1991 — researchers were able to conclude that 1993

Mount Pinatubo introduced less than twice (1.6 to 1.9) the amount of sulfuric acid aerosol

particles into the stratosphere than EI Chichon during the first three months following the Jurisdictions studied:

eruptions; this indicates that Mount Pinatubo should have had nearly twice the climatic Mexico

effects of El Chichén (20)

o Aerosol optical thickness estimates were used to verify that the multi-channel sea Methods used: Cross
surface temperature errors were related to aerosol particle concentration in the comparative study
stratosphere.

o Methods of solar radiation | There is limited support for solar radiation modification technologies, particularly from high- High Publication date: e Place of
modification income countries (21) October 2024 residence
o Stratospheric aerosol | e The study provides an overview of public support for climate change across 30 countries o Age

injections from an online survey of at least 1,000 participants per country on nine different Jurisdiction studied: e Socioeconomic
o Marine cloud technologies of which three were solar radiation modification (stratospheric aerosol Global status
brightening injection, marine cloud brightening, and space-based geoengineering).

o Space mirror
Views and perspectives

e The study found that middle-income tended to support more extreme technologies such
as solar radiation modification compared to high-income respondents, but both
supported technologies that were perceived as more natural or ecosystem focused such
as afforestation.

Methods used: Online
survey
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https://www.nature.com/articles/s43247-024-01350-6
https://www.nature.com/articles/s43247-024-01350-6
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https://iopscience.iop.org/article/10.1088/1748-9326/ad7c67/pdf
https://iopscience.iop.org/article/10.1088/1748-9326/ad7c67/pdf

Dimension of organizing Declarative title and key findings Relevance Study Equity
framework rating characteristics considerations
o Of the solar radiation modification technologies, marine cloud brightening had the
highest rate of support following by stratospheric aerosol injections and then space-
based geoengineering.
o Predictors of support included trust in industry, age (with older respondents showing
less support), and expected personal harm from climate change, while environmental
concern had a weaker correlation as compared to ecosystem-based approaches such
as afforestation and reforestation or carbon sequestration.
Methods of solar radiation | There is limited support for solar radiation modification technologies, particularly from high- High Publication date: e Place of
modification income countries and older and wealthier populations (22) October 2024 residence
o Stratospheric aerosol | e The study provides an overview of public support for climate change across 30 countries o Age
injections and examines the demographics of support. Jurisdiction studied: e Socioeconomic
o Marine cloud e Solar radiation modification technologies received lower support than carbon removal Global status
brightening options with stratospheric aerosol injection having the lowest mean support rating. e Gender/sex
o Space mirror e Support for solar radiation modification technologies declined significantly with age and Methods used: Online
Views and perspectives there was greater support from the Global South and for those with lower survey
socioeconomic status.
o Minimal variation was found by gender with the exception of space-based
geoengineering, which had slighter higher support among males.
Methods of solar radiation | Greater support was shown by Indigenous communities and minority respondents as High Publication date: o Ethnicity/race/c
modification compared to the remaining sample for solar radiation modification technologies when October 2024 ulture
o Stratospheric aerosol | considered within strong governance frameworks (23)
injections e Astudy using the same survey data examined the support for climate change across 30 Jurisdiction studied:
o Marine cloud countries among Indigenous communities. Global
brightening ¢ Indigenous participants reported greater familiarity with climate engineering
o Space mirror technologies and expressed more positive attitudes towards engineered options as Methods used: Online
Views and perspective compared to nature-based options, and particularly of small-scale trials survey
o Countries in the ¢ Indigenous and minority groups reported significantly more positive views about solar
Global South radiation modification than other respondents, with higher support from Turkey, India,
o Indigenous Indonesia, Saudi Arabia, Nigeria, and Spain and lower support from Scandinavian
communities and countries.
people ¢ Indigenous and minority respondents highlighted the need for a robust governance
o Countries that are framework that is inclusive of diverse perspectives.
.disproportionat.e e It should be noted that the number of respondents is quite low in each country, between
m}:pacted by climate three and 18 of 1,000 respondents, and as a result should be considered with caution.
change
Methods of solar radiation | Focus groups from the Global South exhibit greater support but more considerable concerns High Publication date: June | e Place of
modification for solar geoengineering, exhibiting strong support for multinational corporation, 2024 residence
o Stratospheric aerosol | coordination, and public engagement in any research on solar geoengineering (24)
injections o The study examines public perceptions on solar geoengineering from 44 focus groups in Jurisdiction studied:

22 countries with 323 participants.

Global
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https://pdf.sciencedirectassets.com/271773/1-s2.0-S0305750X24X0008X/1-s2.0-S0305750X2400189X/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEI3%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJGMEQCIB8A6ENAHBafyhj%2FiAEKBIXHbGRlHdCIJndviqpULD5TAiAccQul0bxqqW84Gwd3jwUjDuq49C6UGxSjw%2FZcazh8FSqxBQg1EAUaDDA1OTAwMzU0Njg2NSIMCcxQ5%2B4t3RYAjPgVKo4FvFgEY3LUyGzp4LfA1HEfnPys7HHqrGRgQuAxMIGj8iepvqboZg%2BFrHTbiUe624e5vynrjXBQbolNrWjp0c3V9Hbxc5IfL3Omdqw%2BjpwTTt%2BR3xhqtFWKAn987axZYpwmBsgVtjm5Qh2dyVO4bld4vYDcxPjAOo6GNdtFYWvJMwGkcv8gzOv65tc34%2FEDguu5axSuMu30k0eg4znbaRKLvhV4E6Rsa82BlU4KCDyc7coQMaMk8IaXjrZpQs9OPZHATTf0LBXwzNF4mailL%2FGy%2BRhtBNMNGmeTQ%2BYPcm59gTU1zcwjf6MLZ1S0puH44W9HlKsHSTYL2UekDfCX3wTCnf35A01gWZsPVvLY7VIGWK8R%2BUa8JUVyCcr4DTMGO2O7O5k90fMVkUaalqOyNrUXsMNv8afCJkOaYRPjLEB%2FZvQLpOpJNPGEJpYc9QaR08PYwvd0ZrbtV4Bz0oenWQ7I7I%2Fi4zQYNc6GjAiR7njkCCYkPSMvDtfqsr8ioDxzZPPTdydD%2Blb6envQn%2FMYw6mBOFrfzM1t%2BHSZO%2BYfO7icY8DXPmWl%2BEdpwY4AhBAGtGaWC6%2ByjvkDxnGdJX%2FGUbqQyyVRHcijBa2KlUrxKVD05zuxSAnQAmUI6deUHBmZtEOpieMk9K759DdMdqNkbc%2FTrm1ZfGkkTtxs42oCcxP%2FUApNX6UCJ4fKtIA7lqNcYu75VPzaPTZ5z2Azlu56hn%2B%2FMeZX5kpCdc33k%2FTMx5tQSw%2FohyIQVi91sHI%2FUAh6ExpGCb897wC7gGnSV8d7TNnCo5H1Zjx6KR17rQU7F3e3RsWSK4J1LkBtQ%2FIAbvLcPHsFsmbJ0gv2ztR0bMSIb6jIb7ffSFQH7WKlFVP8yaCXMJ7VmLoGOrIBpOdlSIet5CDxXfa34KqY759crtT7wSBFB97km0JnVuHBeZG9j%2BS9zkiPd7sXrNwufYxy0o43Qhls3n%2Bwqkqgtltyfm6BPLWVdOvvWcAiN2oC4tuVEXEiBOROUKBDMElPkw7bq4t2MTHp7h%2FcAIfI19137nY5EQMIxQ%2FyDdF4Y%2BK6yS%2BYq%2FwHEtexjqDMWHvNlHHvvCtbmsK6xhCJi%2FumGkrf8k6o8bYL2Fbk0TVN4V0krw%3D%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20241126T204659Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY2GEITJQD%2F20241126%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=14e83147ffcbfaf5338efd6459b91ed0fb4eb44d8c2eed51e82872ca98c7c620&hash=44df7be5aa139751187c8461fc76c4c3e4cf09a69af523f1b459627ee8da7a7d&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0305750X2400189X&tid=spdf-678251e9-d0d9-4322-b9ec-f26e7a6eca36&sid=1661e0968043564fc099095-f8d324dc0243gxrqa&type=client&tsoh=d3d
https://pdf.sciencedirectassets.com/271773/1-s2.0-S0305750X24X0008X/1-s2.0-S0305750X2400189X/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEI3%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJGMEQCIB8A6ENAHBafyhj%2FiAEKBIXHbGRlHdCIJndviqpULD5TAiAccQul0bxqqW84Gwd3jwUjDuq49C6UGxSjw%2FZcazh8FSqxBQg1EAUaDDA1OTAwMzU0Njg2NSIMCcxQ5%2B4t3RYAjPgVKo4FvFgEY3LUyGzp4LfA1HEfnPys7HHqrGRgQuAxMIGj8iepvqboZg%2BFrHTbiUe624e5vynrjXBQbolNrWjp0c3V9Hbxc5IfL3Omdqw%2BjpwTTt%2BR3xhqtFWKAn987axZYpwmBsgVtjm5Qh2dyVO4bld4vYDcxPjAOo6GNdtFYWvJMwGkcv8gzOv65tc34%2FEDguu5axSuMu30k0eg4znbaRKLvhV4E6Rsa82BlU4KCDyc7coQMaMk8IaXjrZpQs9OPZHATTf0LBXwzNF4mailL%2FGy%2BRhtBNMNGmeTQ%2BYPcm59gTU1zcwjf6MLZ1S0puH44W9HlKsHSTYL2UekDfCX3wTCnf35A01gWZsPVvLY7VIGWK8R%2BUa8JUVyCcr4DTMGO2O7O5k90fMVkUaalqOyNrUXsMNv8afCJkOaYRPjLEB%2FZvQLpOpJNPGEJpYc9QaR08PYwvd0ZrbtV4Bz0oenWQ7I7I%2Fi4zQYNc6GjAiR7njkCCYkPSMvDtfqsr8ioDxzZPPTdydD%2Blb6envQn%2FMYw6mBOFrfzM1t%2BHSZO%2BYfO7icY8DXPmWl%2BEdpwY4AhBAGtGaWC6%2ByjvkDxnGdJX%2FGUbqQyyVRHcijBa2KlUrxKVD05zuxSAnQAmUI6deUHBmZtEOpieMk9K759DdMdqNkbc%2FTrm1ZfGkkTtxs42oCcxP%2FUApNX6UCJ4fKtIA7lqNcYu75VPzaPTZ5z2Azlu56hn%2B%2FMeZX5kpCdc33k%2FTMx5tQSw%2FohyIQVi91sHI%2FUAh6ExpGCb897wC7gGnSV8d7TNnCo5H1Zjx6KR17rQU7F3e3RsWSK4J1LkBtQ%2FIAbvLcPHsFsmbJ0gv2ztR0bMSIb6jIb7ffSFQH7WKlFVP8yaCXMJ7VmLoGOrIBpOdlSIet5CDxXfa34KqY759crtT7wSBFB97km0JnVuHBeZG9j%2BS9zkiPd7sXrNwufYxy0o43Qhls3n%2Bwqkqgtltyfm6BPLWVdOvvWcAiN2oC4tuVEXEiBOROUKBDMElPkw7bq4t2MTHp7h%2FcAIfI19137nY5EQMIxQ%2FyDdF4Y%2BK6yS%2BYq%2FwHEtexjqDMWHvNlHHvvCtbmsK6xhCJi%2FumGkrf8k6o8bYL2Fbk0TVN4V0krw%3D%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20241126T204659Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY2GEITJQD%2F20241126%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=14e83147ffcbfaf5338efd6459b91ed0fb4eb44d8c2eed51e82872ca98c7c620&hash=44df7be5aa139751187c8461fc76c4c3e4cf09a69af523f1b459627ee8da7a7d&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0305750X2400189X&tid=spdf-678251e9-d0d9-4322-b9ec-f26e7a6eca36&sid=1661e0968043564fc099095-f8d324dc0243gxrqa&type=client&tsoh=d3d
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Dimension of organizing Declarative title and key findings Relevance Study Equity
framework rating characteristics considerations
o Marine cloud ¢ Participants noted a juxtaposition on the relative importance of tackling the symptoms Methods used: Focus
brightening versus root cause of climate change, with Global South focus groups having stronger groups
o Space mirrors support for tackling symptoms, citing the need to dampen the severity of experienced
Views and perspective impacts; however, some concern that it would detract from efforts to reduce emissions.
o Countries in the o Participants from the Global South tended to see the global deployment as a positive
Global South while those from the Global North emphasized that planetary approaches can be a
double-edged sword and as a result marine cloud brightening was most supported,
given the potential to incrementally scale it.
o Cited benefits were alleviation of heat stress and improving food security, while risks
were unequal cooling and deeply uncertain knock-on environmental and societal effects
(as well as concerns about the geopolitical agenda and the Global North shaping the
deployment of these technologies).
e Some concerns were raised regarding the infrastructure costs of solar geoengineering
and questioned whether it represented a good investment.
e Astrong plurality of groups supported the conduct of small-scale field experiments,
while some called for testing in uninhabited regions to minimize potential harms.
e There was significant scepticism of giving leeway to advanced STEM industry actors
and participants were concerned about latent profiteering and as a resulted supported
the development of a global framework to govern the research and deployment of these
technologies at the level of the UN or similar.
Methods of solar radiation | Public opinion among students of solar radiation modification is consistent with other High Publication date: e Place of
modification studies, with slightly greater support from countries in the Global South; however, it remains March 2024 residence
o Stratospheric aerosol | an unpopular option, with many believing that it will not address the cause of global warming
injections and may result in harm to humans and the environment (25) Jurisdiction studied:
o Marine cloud e A public opinion online survey questionnaire of 4,583 student participants from 22 Global
brightening countries, most of whom studied social sciences and humanities, followed by

o Space mirrors
Views and perspectives

Equity considerations
o Countries in the
Global South

engineering and natural sciences, and medical and health sciences.

¢ In most countries, participants perceived solar radiation modification as being slightly
effective in limiting global warming and generally participants believed very slightly that
solar radiation modification would not address the causes of global warming; however,
there was significant heterogeneity between clusters with countries in the Global North
more strongly believing that they would not address the causes of global warming.

e Participants generally thought that solar radiation modification would slightly reduce
politicians’ and citizens efforts to mitigate global warming, again with higher-income
countries perceiving this more strongly.

o Participants generally thought solar radiation modification would have slightly negative
impacts on humans and nature with participants from the Global North citing greater
concerns, but students particularly in Kazakhstan and Russia reported the highest level
of concern.

Methods used: Online
survey
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https://link.springer.com/article/10.1007/s10584-024-03708-3
https://link.springer.com/article/10.1007/s10584-024-03708-3
https://link.springer.com/article/10.1007/s10584-024-03708-3
https://link.springer.com/article/10.1007/s10584-024-03708-3

Dimension of organizing Declarative title and key findings Relevance Study Equity
framework rating characteristics considerations
o All participants felt the costs and benefits of solar radiation modification were unequally
distributed across countries.
¢ In general, the more people believed that solar radiation modification would have
negative consequences or that it would not limit global warming the less they accepted it
as an option.
Methods of solar radiation | Those in the Global South were generally more supportive of climate intervention High Publication date: e Place of
modification technologies; however, they also expressed more concern about these technologies October 2024 residence
o Stratospheric aerosol | undermining mitigation efforts than respondents from the Global North (26)
injections o Anonline survey of individuals from 30 countries with at least 1,000 participants from Jurisdiction studied:
o Marine cloud each country. Global
brightening o The study notes that those in the Global South were generally more supportive of
o Space mirrors climate intervention technologies, but they also expressed more concern about these Methods used: Online
Views and perspectives technologies undermining mitigation efforts than respondents from the Global North. survey
Equity considerations . Ecogystem-based approaches were preferred over solar radiation modification, which
o Countries in the received the lowest support.
Global South e Demographics in the Global South were generally younger and expressed higher
climate change concern, in part because they reported more personal experience with
natural disasters.
o Both regions preferred supportive national-level policies over restrictive approaches, but
the Global South showed greater support for international oversight and governance.
Methods of solar radiation | Tweets on solar radiation modification are generally negative and were found to be High Publication date: o None reported
modification associated with negative emotions and often included conspiracy-related keywords (27) December 2023
o Stratospheric aerosol | e The study examined 1.5 million tweets covering greenhouse gas removal and solar
injections radiation modification technologies between 2006 and 2021. Jurisdiction studied:
o Marine cloud e The data set shows greater awareness and attention to greenhouse gas removal Global
brightening technologies and compared to solar radiation modification, with a significant increase in

o Space mirrors
Views and perspectives

attention to greenhouse gas removal recently.

o General geoengineering tweets were found to have high shares of negative sentiment
and low shares of positive sentiment, but the share of negative greenhouse gas removal
tweets is much lower, particularly compared to those that specifically mention solar
radiation modification.

o Stratospheric aerosol injection and ocean fertilization are the only technologies that
feature a higher share of negative sentiments than general tweets.

e Specific emotions, namely disgust, dominates in both general geoengineering and solar
radiation modification followed by fear and anger.

e High shares of general geoengineering and solar radiation modification tweets contain
conspiracy-related keywords, namely with prominent chemtrails theories.

Methods used: Social
media analysis
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https://pmc.ncbi.nlm.nih.gov/articles/PMC10918186/pdf/41467_2024_Article_46341.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC10918186/pdf/41467_2024_Article_46341.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC10918186/pdf/41467_2024_Article_46341.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC10730943/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10730943/

Appendix 4: Single studies on public opinion and behavioural effects of solar radiation modification by country

deliberative approach (2017)

Jurisdiction Dimension addressed Hyperlinked URL Deliberative method

Australia Views and experiences Storylines of geoengineering in the Australian media: An analysis of online coverage Newspaper analysis
2006-2018 (2021)

China Views and experiences Chinese public's perceptions and understanding of the potential roles of solar climate Online survey
engineering for reducing climate change risks (2024)

Finland Views and experiences ‘Bog here, marshland there”: Tensions in co-producing scientific knowledge on solar Focus groups
geoengineering in the Arctic (2022)
Perspectives on solar geoengineering from Finnish Lapland: Local insights on the global | Semi-structured interviews
imaginary of Arctic geoengineering (2020)

Germany Views and experiences Effects of opinion statements on laypeople’s acceptance of a climate engineering Online survey and citizen jury
technology (2021)
Psychological factors influencing laypersons’ acceptance of climate engineering, climate | Online survey
change mitigation and business as usual scenarios (2020)
Public perceptions of climate engineering: Laypersons” acceptance at different levels of | Online survey and citizen jury
knowledge and intensities of deliberation (2019)
The role of affect in attitude formation toward new technologies: The case of Online survey
stratospheric aerosol injection (2017)
Knowledge about aerosol injection does not reduce individual mitigation efforts (2016) Online survey
Public perception of climate engineering and carbon capture and storage in Germany: Online survey
Survey evidence (2016)
Exploring public perceptions of stratospheric sulfate injection (2015) Online survey
Laypeople’s risky decisions in the climate change context: Climate engineering as a risk- | Online survey
defusing strategy? (2014)
Laypeople’s risky decisions in the climate change context: Climate engineering as a risk- | Online survey
defusing strategy? (2014)

Japan Views and experiences Ambivalent climate of opinions: Tensions and dilemmas in understanding Focus groups
geoengineering experimentation (2015)

New Zealand Views and experiences A quantitative evaluation of the public response to climate engineering (2014) Interviews

Portugal Views and experiences ‘It's just a Band-Aid!": Public engagement with geoengineering and the politics of the Focus groups
climate crisis (2022)

Switzerland Methods of solar radiation | Support for the deployment of climate engineering: A comparison of ten different Online survey

modification technologies (2020)
Views and experiences Public perception of solar radiation management: The impact of information and evoked | Online survey

affect (2017)

United Kingdom Governance Public perceptions of geoengineering research governance: An experimental Mixed methods

Living the global social experiment: An analysis of public discourse on solar radiation
management and its implications for governance (2013)

Focus groups

Views an experiences

Geoengineering, moral hazard, and trust in climate science: Evidence from a survey
experiment in Britain (2016)

Online experiment
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https://www.tandfonline.com/doi/full/10.1080/17524032.2022.2141290#abstract
https://www.tandfonline.com/doi/full/10.1080/17524032.2022.2141290#abstract
https://link.springer.com/article/10.1007/s10668-024-05054-x
https://link.springer.com/article/10.1007/s10668-024-05054-x
https://iopscience.iop.org/article/10.1088/1748-9326/ac5715/meta
https://iopscience.iop.org/article/10.1088/1748-9326/ac5715/meta
https://www.sciencedirect.com/science/article/abs/pii/S0016718518300551
https://www.sciencedirect.com/science/article/abs/pii/S0016718518300551
https://jcom.sissa.it/article/pubid/JCOM_2001_2021_A03/#:~:text=The%20higher%20the%20source%20credibility,the%20direction%20of%20the%20source's
https://jcom.sissa.it/article/pubid/JCOM_2001_2021_A03/#:~:text=The%20higher%20the%20source%20credibility,the%20direction%20of%20the%20source's
https://www.sciencedirect.com/science/article/abs/pii/S0160791X1930137X#:~:text=Technology%20acceptance%20is%20driven%20by,relativization%20of%20climate%20change%20threats
https://www.sciencedirect.com/science/article/abs/pii/S0160791X1930137X#:~:text=Technology%20acceptance%20is%20driven%20by,relativization%20of%20climate%20change%20threats
https://www.ingentaconnect.com/content/oekom/gaia/2019/00000028/00000004/art00007;jsessionid=92b9dbrx8sbb.x-ic-live-02
https://www.ingentaconnect.com/content/oekom/gaia/2019/00000028/00000004/art00007;jsessionid=92b9dbrx8sbb.x-ic-live-02
https://onlinelibrary.wiley.com/doi/10.1111/risa.12780
https://onlinelibrary.wiley.com/doi/10.1111/risa.12780
https://iopscience.iop.org/article/10.1088/1748-9326/11/5/054009/pdf
https://www.tandfonline.com/doi/abs/10.1080/14693062.2017.1304888
https://www.tandfonline.com/doi/abs/10.1080/14693062.2017.1304888
https://link.springer.com/article/10.1007/s10584-014-1317-7
https://www.tandfonline.com/doi/abs/10.1080/10807039.2014.932203
https://www.tandfonline.com/doi/abs/10.1080/10807039.2014.932203
https://www.tandfonline.com/doi/full/10.1080/10807039.2014.932203?scroll=top&needAccess=true
https://www.tandfonline.com/doi/full/10.1080/10807039.2014.932203?scroll=top&needAccess=true
https://www.sciencedirect.com/science/article/abs/pii/S0016718517300209
https://www.sciencedirect.com/science/article/abs/pii/S0016718517300209
https://www.nature.com/articles/nclimate2087
https://journals.sagepub.com/doi/10.1177/09636625221095353
https://journals.sagepub.com/doi/10.1177/09636625221095353
https://onlinelibrary.wiley.com/doi/abs/10.1111/risa.13462
https://onlinelibrary.wiley.com/doi/abs/10.1111/risa.13462
https://www.tandfonline.com/doi/full/10.1080/13669877.2016.1153501#d1e119
https://www.tandfonline.com/doi/full/10.1080/13669877.2016.1153501#d1e119
https://www.sciencedirect.com/science/article/pii/S0959378016302230
https://www.sciencedirect.com/science/article/pii/S0959378016302230
https://www.sciencedirect.com/science/article/abs/pii/S0959378012001483
https://www.sciencedirect.com/science/article/abs/pii/S0959378012001483
https://link.springer.com/article/10.1007/s10584-016-1818-7
https://link.springer.com/article/10.1007/s10584-016-1818-7

Jurisdiction

Dimension addressed

Hyperlinked URL

Deliberative method

Exploring early public responses to geoengineering (2012)

Mixed methods

Ethics

Geoengineering, climate change scepticism and the ‘moral hazard’ argument: An
experimental study of U.K. public perceptions (2014)

Online experiment

United States

Views and experiences

Presenting balance geoengineering information has little effect on mitigation
engagement (2024)

Social media responses

Moral hazards and solar radiation management: Evidence from a large-scale online
experiment (2024)

Online experiment

Assessing solar geoengineering research funders: Insights from two U.S. public
deliberations (2020)

Public forums

Australia, India, Japan,
Philippines

survey on perception in four Asia—Pacific countries (2024)

Fast, cheap and imperfect? US public opinion about solar geoengineering (2019) Online survey
Multi-jurisdiction — Mexico, | Governance Like diamonds in the sky? Public perceptions, governance, and information framing of Online survey
UK, US. solar geoengineering activities in Mexico, the United Kingdom, and the United States

(2023)
Multi jurisdiction — Views and experiences Public attitude toward solar radiation modification: Results of a two-scenario online Online survey

Multi-jurisdiction — U.S.,
Singapore

Views and experiences

Exposure to climate change information predicts public support for solar geoengineering
in Singapore and the United States (2023)

Online experiment

Multi-jurisdiction —
Pakistan, Nigeria, Kenya

Views and experiences

Exploring the academic perceptions of climate engineering in developing countries
(2023)

Online survey

Multi-jurisdiction — India,
Sweden, U.S., UK.

Views and experiences

Conspiracy spillovers and geoengineering (2023)

Social media analysis

Multi-jurisdiction —
Australia, China, India,
Japan, the Philippines,
South Korea

Views and experiences

The North-South divide on public perceptions of stratospheric aerosol geoengineering?
A survey in six Asia-Pacific countries (2020)

Online survey

Multi-jurisdiction — Kenya,
Soloman Islands, U.S.

Views and experiences

Perceptions of climate engineering in the South Pacific, Sub-Saharan Africa, and North
American Arctic (2018)

In-depth interviews

Multi-jurisdiction —
Canada, China, Germany,

Switzerland, U.K., the U.S.

Views and experiences

Beliefs and values explain international differences in perception of solar radiation
management: Insights from a cross-country survey (2017)

Online survey

Multi-jurisdiction — Japan,
New Zealand, U.S.,
Sweden

Views and experiences

Making sense of climate engineering: A focus group study of lay publics in four countries

(2017)

Focus groups

Multi-jurisdiction —
Canada, UK., U.S.

Views and experiences

Public understanding of solar radiation management (2011)

Online survey

Appendix 5: Single studies on expert roundtables or expert focus groups on solar radiation modification

| Deliberative method

| Description of experts

| Hyperlinked title
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https://royalsocietypublishing.org/doi/10.1098/rsta.2012.0099
https://royalsocietypublishing.org/doi/full/10.1098/rsta.2014.0063
https://royalsocietypublishing.org/doi/full/10.1098/rsta.2014.0063
https://link.springer.com/article/10.1007/s10584-023-03671-5
https://link.springer.com/article/10.1007/s10584-023-03671-5
https://www.sciencedirect.com/science/article/pii/S0272494424000616
https://www.sciencedirect.com/science/article/pii/S0272494424000616
https://journals.sagepub.com/doi/abs/10.1177/2053019620964845?journalCode=anra&journalCode=anra
https://journals.sagepub.com/doi/abs/10.1177/2053019620964845?journalCode=anra&journalCode=anra
https://www.tandfonline.com/doi/full/10.1080/09644016.2018.1479101#:~:text=Unlike%20mitigation%2C%20solar%20geoengineering%20could,crowding%20out%20costly%20mitigation%20efforts
https://www.tandfonline.com/doi/full/10.1080/09644016.2023.2301262#abstract
https://www.tandfonline.com/doi/full/10.1080/09644016.2023.2301262#abstract
https://link.springer.com/article/10.1007/s11625-024-01520-7
https://link.springer.com/article/10.1007/s11625-024-01520-7
https://www.nature.com/articles/s41598-023-46952-w
https://www.nature.com/articles/s41598-023-46952-w
https://www.revistascca.unam.mx/atm/index.php/atm/article/view/53264
https://www.sciencedirect.com/science/article/pii/S2589004223002432
https://www.tandfonline.com/doi/abs/10.1080/17524032.2019.1699137
https://www.tandfonline.com/doi/abs/10.1080/17524032.2019.1699137
https://link.springer.com/article/10.1007/s10584-018-2138-x
https://link.springer.com/article/10.1007/s10584-018-2138-x
https://link.springer.com/article/10.1007/s10584-017-1970-8
https://link.springer.com/article/10.1007/s10584-017-1970-8
https://link.springer.com/article/10.1007/s10584-017-2067-0
https://iopscience.iop.org/article/10.1088/1748-9326/6/4/044006

Roundtable

45 mid-career environmental leaders

Engaging the Global South on climate engineering research

In-depth interviews

125 experts closely associated with negative
emissions and/or solar geoengineering research,
development, and commercialization

Between the sun and us: Expert perception on the innovation, policy and deep uncertainties of space-

based solar geoengineering

Experts that have published high-quality peer-
reviewed research papers, published patents, or
held intellectual property within the past 10 years
on carbon removal and solar geoengineering

Beyond climate stabilization: Exploring the perceived sociotechnical co-impacts of carbon removal and

solar geoengineering

Multi-criteria options
mapping

12 experts in fields related to geoengineering

‘Opening up’ geoengineering appraisal: Multi-criteria mapping of options for tackling climate change

Survey

125 experts with peer-reviewed research papers,
published patents, or had intellectual property
from the past 10 years on negative emissions or
solar radiation modification

Determining our climate policy future: Expert opinions about negative emissions and solar radiation
management pathways

17 climate and energy experts from Southeast
Asia

Southeast Asian expert perceptions of solar radiation management techniques and carbon dioxide
removal approaches: Caution, ambivalence, risk precaution, and research direction
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https://www.nature.com/articles/nclimate2632
https://www.sciencedirect.com/science/article/pii/S1364032122001046
https://www.sciencedirect.com/science/article/pii/S1364032122001046
https://www.sciencedirect.com/science/article/pii/S0921800922003093
https://www.sciencedirect.com/science/article/pii/S0921800922003093
https://www.sciencedirect.com/science/article/pii/S0959378013001179
https://link.springer.com/article/10.1007/s11027-022-10030-9
https://link.springer.com/article/10.1007/s11027-022-10030-9
https://iopscience.iop.org/article/10.1088/2515-7620/ac3dc1/pdf
https://iopscience.iop.org/article/10.1088/2515-7620/ac3dc1/pdf

Appendix 6: Evidence syntheses that did not provide details on how literature was identified or included

Dimension addressed

Hyperlinked title

General overview

Reflecting upon 10 years of geoengineering research: Introduction to the Crutzen + 10 special issue (2017)

Strategies for mitigation of climate change: A review (2020)

An overview of the earth system science of solar geoengineering (2016)

Ecosystem impacts of geoengineering: A review for developing a science plan (2012)

Climate change: Climate engineering through stratospheric aerosol injection (2012)

Monitoring of geoengineering effects and their natural an anthropogenic analogues (2011)

Climate engineering: A critical review of approaches to modify the global energy balance (2009)

Governance

Improving risk governance strategies via learning: A comparative analysis of solar radiation modification and gene drives (2024)

The politics and governance of research into solar geoengineering (2021)

Solar geoengineering to reduce climate change: A review of governance proposals (2019)

The international politics of climate engineering: A review and prospectus for international relations (2015)

Harms and benefits

Potential effects of climate change and solar radiation modification on renewable energy resources (2024)

The potential environmental and climate impacts of stratospheric aerosol injection: A review (2024)

Reckless or righteous? Reviewing the sociotechnical benefits and risks of climate change geoengineering (2021)

The effects of solar radiation management on the carbon cycle (2018)

Views and experiences

What do people think when they think about solar geoengineering? A review of empirical social science literature, and prospects for future research

Engineering of solar radiation
management approaches

An update on engineering issues concerning stratospheric aerosol injection for geoengineering (2020)

Sub-micrometer salt aerosol production: Marine cloud brightening (2013)
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https://ui.adsabs.harvard.edu/abs/2017EaFut...5..266B/abstract
https://link.springer.com/article/10.1007/s10311-020-01059-w
https://wires.onlinelibrary.wiley.com/doi/10.1002/wcc.423
https://pmc.ncbi.nlm.nih.gov/articles/PMC3393062/#Abs1
https://journals.sagepub.com/doi/10.1177/0309133312456414
https://kiss.caltech.edu/final_reports/Geoengineering_final_report.pdf
https://link.springer.com/article/10.1140/epjst/e2009-01149-8
https://link.springer.com/article/10.1007/s10669-024-09979-6
https://wires.onlinelibrary.wiley.com/doi/10.1002/wcc.707
https://royalsocietypublishing.org/doi/10.1098/rspa.2019.0255#d1e599
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2630922
https://www.sciencedirect.com/science/article/pii/S1364032124006609
https://pubs.rsc.org/en/content/articlelanding/2024/ea/d3ea00134b#cit69
https://www.sciencedirect.com/science/article/pii/S2211467X21000420
https://link.springer.com/article/10.1007/s40641-018-0088-z
https://agupubs.onlinelibrary.wiley.com/doi/10.1002/2016EF000461
https://iopscience.iop.org/article/10.1088/2515-7620/aba944/pdf
https://ieeexplore.ieee.org/document/6713739

Appendix 7: PRISMA diagram
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