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1.  INTRODUCTION

In recent years, ‘climate change’ has matured from
a technical term employed by scientists and policy-
makers to a social, political, and moral locus that has
garnered widespread media coverage, public inter-
est, and debate around the world (Hulme 2009, Cor-
ner et al. 2013). As evidence demonstrating the
anthropogenic influence on the Earth’s climate has
steadily grown stronger (IPCC 2014), climate change
has come to be seen as a preeminent challenge of the

21st century. Until recently, most discourse regarding
potential responses to climate change have focused
on 2 categories of response options: (1) emission mit-
igation (reducing greenhouse gas emissions) and (2)
human adaptation to a changing world. Geoengi-
neering, a set of proposed large-scale technological
fixes to reduce or neutralize greenhouse gas emis-
sions, is a third emerging category of response to
global climate change (Royal Society 2009).

In the past few years, geoengineering has shifted
from a mysterious concept of small academic circles
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and science-fiction writers to a global issue of debate
between ‘mainstream scientists, policy makers, and
civil society groups — if not yet most members of the
public’ (Corner et al. 2013, p. 940). Although history
demonstrates a storied interest in human control of
the weather, technological fixes for climate change
have only recently received widespread attention
from major media, academics, and decision-makers
(Royal Society 2009). This has garnered interest and
concern from social groups, non-governmental orga -
nizations, and members of the public who accept or
condemn technologies often prior to a considered
understanding of their purpose and methods.

This paper systematically reviews the empirical lit-
erature regarding public perceptions of geoengi-
neering to provide a stronger basis of understanding
that can empower anticipatory governance decisions
and communication of risk that seek to prevent
health and environmental crises by exchanging
information about risks and how they can be man-
aged. As Sterman (2011) noted, ‘the strong scientific
consensus on the detection, attribution, and risks of
climate change stands in stark contrast to wide-
spread confusion, complacency and denial among
policymakers and the public. Risk communication is
now a major bottle neck preventing science from
playing an appropriate role in climate policy’ (p. 811).

Public perception is a well-known marker of con-
cern toward the safety and efficacy of geoengineer-
ing, as well as an indicator of potential public support
for the funding of geoengineering research. Despite
the dramatic in crease in communication regarding
geoengineering, there are relatively few social scien-
tific investigations on public perceptions of geoengi-
neering, and virtually no comprehensive reviews of
data on public perceptions. This study seeks to fill this
gap, as such investigations of public opinion are cru-
cial for future risk communication initiatives, and can
help to promote appropriate public engagement
(Berube et al. 2010). A primary goal for this study is to
review extant literature to better inform stakeholders
— including scientists, governments, in dustry, public
advocacy groups, and community members — with
regard to their communication agen das and engage-
ment initiatives. By addressing the current state of
public perceptions with regard to geoengineering,
we can better assess data and information needs that
may help drive future risk governance and communi-
cation agendas.

Prior to detailing the method of our sample selec-
tion, this review first ‘unpacks’ the terms associated
with geoengineering. Following this introduction to
the scope and methods, we discuss the current state

of understanding of public perceptions of geoengi-
neering and propose new avenues to address data
and information needs regarding geoengineering
research.

1.1.  Talking terms

Geoengineering has become an umbrella term to
describe a host of technologies that have been dis-
cussed in various arenas (Corner et al. 2013). The
term ‘geoengineering’ was introduced into the scien-
tific literature in 1977 by Victor Marchetti, when
describing potential disposal of carbon dioxide (CO2)
in deep-sea reserves (Marchetti 1977). Since Mar-
chetti coined the term, it has come to represent a
multitude of existing and proposed technologies that
are typically classified into 2 distinct approaches to
curbing anthropogenic climate change: carbon diox-
ide removal (CDR) and solar radiation management
(SRM). CDR involves the deliberate removal of CO2

and other greenhouse gases that have already been
released to the atmosphere as a result of the burning
of coal, fossil fuels, and oil, while SRM seeks to
reflect sunlight away from the Earth using a variety
of means designed to divert solar energy into space,
thus lowering global temperature (Caldeira et al.
2013). A third distinct approach to curbing anthro-
pogenic climate change involves CO2 capture and
sequestration, or carbon dioxide capture and storage
(CCS), at the emission source. This set of techno -
logies holds significant promise to reduce CO2 emis-
sions from existing and future coal- and gas-powered
plants and industrial worksites and flues by captur-
ing emissions from the point of fuel burning and com-
pressing and transporting those emissions typically
through pipelines to geologic or biologic safe houses,
where they can be sequestered and even stored in
deep geological formations comprised of porous rock
overlaid with non-porous materials to prevent gase -
ous migration (IPCC 2014).

CCS technologies were among the first of the geo-
engineering set to be implemented, and are currently
in use in over 120 facilities in the USA (EPA 2015).
Since CCS technologies were the ‘first to arrive on
the scene’ of the larger set of geoengineering tech-
nologies, other informative and robust reviews of the
public perceptions to CCS have been published (e.g.
Vercelli et al. 2013). As the purpose of this paper is to
inform future environmental decision-making and
risk communication efforts, we chose to exclude CCS
technologies from this review. Instead, we focus
efforts on non-CCS geoengineering technologies
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that are being researched and developed, and could
be potentially deployed in coming technological gen-
erations. Table 1 provides descriptions of some of the
technologies and actions proposed to curb anthro-
pogenic climate change. An insightful and complete
review of climate geoengineering proposals was con-
ducted by Vaughan & Lenton (2011).

As a set, geoengineering technologies can only
partially negate the impacts of anthropogenic cli-
mate change, and they may pose potentially devas-
tating environmental and societal risks, including
changes in precipitation, slowing of ozone layer
recovery, reductions in motivations to reduce carbon
emissions, and potential unknown or unforeseen

risks (Royal Society 2009, Ricke et al. 2010). Few of
these technologies have been tested to a reasonable
degree, and there remains a great deal of uncertainty
regarding the feasibility of deploying geoengineer-
ing technologies in the environment (Corner et al.
2013). Understanding public perceptions is vital
when considering social and ethical aspects of tech -
no logical development, and is crucial when seeking
support and funding for such development.

While this is the first systematic review of the meth-
ods and reported results of public perceptions of geo-
engineering, others have reviewed related topics.
Poumadère et al. (2011) reviewed public perceptions
of geoengineering in comparison to nuclear power,
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Technology Description Recommended reading

Carbon dioxide removal
Carbon dioxide scrubbing Use of various amines (e.g. monoethanolamine) Rochelle (2009)

in cold solutions to bind CO2; alternatively employing 
calcium oxide, serpentine, or other minerals in carbonate
looping processes to bind CO2 as carbonate solids 

Bio-energy with carbon Negative CO2 emission standard through combinatory Obersteiner et al. (2001),
capture and storage measures of biomass CO2 capture with geologic IPCC (2007)

sequestration and storage

Biochar Pyrolytic burning of plant materials in oxygen-free  Lehmann & Joseph (2009),
environments to produce biochar, a stable charcoal Shackley & Sohi (2010)
that binds CO2 and can be spread across existing croplands

Ocean fertilization Ocean seeding with iron sulfates to activate increased Boyd et al. (2007),
algal and phytoplankton blooms that remove CO2 Buesseler et al. (2008),
through photosynthetic processes and deposit CO2 in Lukacs (2012), Schiermeier 
the deep ocean upon death (2012), Ha-Duong et al. (2009)

Afforestation and Purposeful conversion of non-forested land to forested National Academy of 
reforestation land to improve photosynthetic CO2 removal Sciences (1992), Ha-Duong 

et al. (2009), IPCC (2007) 

Ocean carbon sink Enhanced migration of CO2 from the ocean surface Sabine et al. (2004), 
enhancement to deep-ocean substrates through increasing ocean Canadell et al. (2007)

alkalinity, increased downwelling of CO2-rich water, 
and increased upwelling of CO2-starved water 

Solar radiation management
Space sunshades Reflecting a fraction of solar radiation through National Academy of 

placement of objects in solar orbit or Earth orbit Sciences (1992), Angel 
(2006), Pearson et al. (2006),
Matthews & Caldeira (2007)

Stratospheric aerosols Sulfate aerosol injection into the lower stratosphere, Stenchikov et al. (1998),
which scatters and diffuses short- and longwave solar Crutzen (2006), Rasch et al. 
radiation (2008)

Enhanced cloud albedo Increased cloud reflectivity through mechanical (fine Latham (1990),
sea spray) or biological (promotion of phytoplankton Wingenter et al. (2007)
emissions of dimethyl sulfide to generate sulfate 
aerosols) generation of cloud droplet condensation 

Enhanced surface albedo Modification of vast shrublands, deserts, savannahs, Gaskill (2004), Hamwey 
and cities to increase reflectivity of the Earth’s surface (2007), Akbari et al. (2009),

Ridgwell et al. (2009)

Table 1. Carbon dioxide removal and solar radiation management technologies
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wind, and CCS technologies. Bellamy et al. (2012) re-
viewed the dominant frames used to depict geoengi-
neering within reports that proposed geoengineering
applications. Scheer & Renn (2014) also draw from
public perception studies to discuss consequences for
public debate. The present study builds from previous
works by reviewing the extant studies on public per -
ception of geoengineering studies from the perspec-
tive of 2 re search questions that guided our inquiry
with the goal of improving anticipatory governance:
(1) What social scientific methods of inquiry have
been used to assess public perceptions of geoengi-
neering? (2) What themes are found among all
reports of public perceptions of geoengineering?

1.2.  Governance for geoengineering

A key benefit of conducting a thorough review of
the public perception of geoengineering is to further
the promotion of an adaptive and anticipatory ver-
sion of governance that can adequately prepare gov-
ernments for the risks of new technologies. Antici -
patory governance is an approach to governing
emerging technologies and activities that uses avail-
able information to make iterative, flexible, and re -
sponsive decisions regarding the regulation of the
given technology (Foley et al. 2015). Anti cipatory
governance has been discussed as an approach that
facilitates iterative improvements to technology gov-
ernance by incorporating new and emerging infor-
mation into regulatory risk assessment protocols, and
ultimately seeks to provide a balance between pro-
tecting against potentially harmful health risks and
promoting an environment amenable to innovation
and research (Fuerth 2009). In this way, anticipatory
governance helps regulators and decision-makers
address the inherent uncertainty and knowledge lim-
itations when facing emerging governance needs
(Fuerth 2009). This may be accomplished by utilizing
available quantitative data related to technology
risk, hazard, and exposure pathways alongside
emerging data, expert opinion, and other qualitative
feedback that can be updated as more risk informa-
tion becomes available (Macnaghten et al. 2005).

One component of anticipatory governance may in-
clude improved decision making through upstream
engagement of the public, where public perception of
technological risks and benefits may help to identify
potential implications that the given technology may
have on human and environmental health, as well as
the general level of acceptance that lay stakeholders
have of it (Guston & Sarewitz 2002). This applies to

geoengineering, where public perception related to
the perceived benefits of various geoengineering
techniques may inform regulatory priorities by gov-
ernments as well as indicate potential resistance that
may be held by the public for certain practices based
on their relative risks to humans and/or the environ-
ment (Corner et al. 2012). Granted, such upstream
data collected prior to technological dissemination
should be approached and used judiciously by deci-
sion-makers. Public opinion data are not wholly gen-
eralizable or transferable given the heterogeneous
perspectives that exist within and between large
groups of people, as well as the contextual character-
istics of each group, and the different methods of data
collection used in different studies. Public opinion is
also not static, and is likely to change as the technolo-
gies are developed. Yet such public opinion data
often serve as among the best empirical observations
of public perceptions, and markers of public will.
Therefore, accounting for public perception of geo-
engineering risk and benefits may be an important
component in the de velopment of anticipatory risk
processes, particularly where the field remains
limited in its technical re search and development,
and is otherwise in a state of high uncertainty regard-
ing technological feasibility and impacts (Renn et al.
2011, Klinke & Renn 2012).

This study seeks to contribute to the growing dia-
logue of geoengineering governance by (1) reviewing
various studies pertaining to the public perception of
geoengineering cases and (2) discussing how ac-
counting for public perceptions for technology devel-
opment is an important component in the production
of appropriate anticipatory governance initiatives.
Overall, we contend that a wide understanding of
public opinion may not only signal research priorities
and concerns to regulators, but also may be an aid to
geoengineering research agendas by indicating which
areas of potential risk should be further studied to
 alleviate public concerns of potential hazards.

2.  METHODS

As this is a review article, only published public
perception data from academic or professional
groups were included. Gray literature regarding
public perceptions of geoengineering was not in -
cluded, nor were conference proceedings or other
individual publications or proceedings. The follow-
ing subsections detail the literature review search
parameters and refinement of the yield to produce
the final set of studies included in this review.
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2.1.  Search parameters

We employed Web of Science (WOS) and Scopus
databases to run our search. These 2 specific data-
bases were selected because they are regarded as
the most comprehensive collections in the social sci-
ences (Chadegani et al. 2013). WOS and Scopus
maintain high standards in terms of functionality, re -
cord quality, and depth of coverage (Norris & Oppen-
heim 2007).

As previously noted, the term geoengineering has
been used to describe a wide host of technologies.
Similarly, the term itself has withstood many permu-
tations in spelling. To maximize our sample, we used
multiple forms of the term geoengineering as we had
encountered it in academic and popular literature.
We also conducted searches on each of the primary
sets of technologies associated with geoengineering.
To maximize our potential yield, we included CCS
search terms, as there was a likelihood that some
articles of interest would potentially be found in the
reported contents of these terms. We then included
each of the geoengineering search terms in tandem
with public opinion search terms to find related
papers. These terms included ‘opinion,’ ‘opinions,’
‘perception,’ ‘perceptions,’ ‘attitude,’ or ‘attitudes.’
Table 2 provides each search term used as well as the
frequency in which the 2 databases reported papers
on that term.

2.2.  Sample selection

A multi-stage process was used to distil appropri-
ate papers and select the final sample for this review.
First, reports that included any of the geoengineering
search terms were included in the initial search. This
included CCS, as we noted that there may be articles
that assess other geoengineering technologies of
interest. Many CSS studies were found, and those
that did not study other technologies as well were

removed to focus on CDR and SRM geoengineering
technologies to better address our research ques-
tions. This initial screening to remove articles that
were solely focused on public perceptions of CCS
technologies significantly reduced our yield to 51
articles from Scopus and 38 from WOS that ad -
dressed non-CCS geoengineering technologies. Re -
moving duplicate reports within and across data-
bases netted a collection of 62 reports that fell within
our search parameters. The abstract of each of the
remaining articles was read to ensure that the article
contained new information on public opinion data
regarding geoengineering. Opinion pieces, studies
on expert or media opinions, content analyses, and
reviews were removed from the sample, as they do
not include direct elicitation of public perceptions of
geoengineering. Most of the articles removed were
technical studies that did not concern how the public
perceived geoengineering but instead included snip-
pets of diction relevant to the search parameters but
irrelevant to the aim of this review. Articles that were
not written in English were also excluded. Only 11
articles from the search met the inclusion and exclu-
sion criteria and were added into the final review.

To supplement our search and to ensure that it was
as systematic and as thorough as possible, a forward
and backward search was conducted on all articles in
our sample and on 8 relevant reviews (Levy & Ellis
2006). Backward searches investigated papers that
were cited in the selected studies, while forward
searches noted papers that cited the selected studies
to see if those too should be included in the review.
This second-level search process yielded over 800
articles. After removing duplicates and again scan-
ning through abstracts of each of the reports, another
10 papers were included in the final sample that
were not immediately available on Scopus or WOS.
This rigorous sampling procedure yielded a sample
of 21 relevant articles addressing public perceptions
of geoengineering. Two more papers were later
added through recommendations of experts in the
field, bringing the final number of articles to 23. All
reports gathered were published between 2009 and
2015. Fig. 1 visually depicts the sampling procedure.

2.3.  Data analysis

This review used grounded theory methodology
(GTM) along with thematic analysis to systematically
analyze our sample with reference to our research
questions (Glaser & Strauss 1967). GTM is a qualita-
tive method of data analysis that aims to develop a
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Search term Scopus WOS

Geoengineering 26 20
Geoengineering 5 5
Climate engineering 11 7
Climate intervention 10 6
Solar radiation management 3 10
Carbon dioxide removal 4 5
Carbon capture and storage 158 107
Carbon capture and sequestration 12 7

Table 2. Frequency of reported papers by search term and 
database; WOS: World of Science
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theory grounded by the data under observation, in
this case developing a new framework for under-
standing current public perceptions as well as infor-
mation and data needs regarding geoengineering.
This constructivist approach allows for an inductive
treatment of the observed data rather than the appli-
cation of an a priori coding scheme. GTM allows for
greater potential emergence of unexpected findings
than other formats of literature review processes
(Walls et al. 2010). While we certainly agree with
Glaser & Strauss (1967) that ‘the researcher does not
approach reality as a tabula rasa’ (p. 3), we do feel
that this application of GTM to the data set would
provide greater transparency of findings than other
more prescriptive methods of ana lysis.

While using GTM as a theoretical basis for our
analysis, we also relied on thematic analysis of the
findings under review in this paper. Thematic coding
is ‘a flexible and useful research tool, which can
potentially provide a rich and detailed, yet complex
account of data’ (Braun & Clarke 2006, p. 79). Here,
themes represent a level of ‘patterned response’
within the data set in relation to the research ques-
tion. In this work, we sought to identify key themes
that were logically and frequently reported within
the methods and results of the reviewed papers.
These themes provide insight into the major findings
within and across reports of public perceptions
regarding geoengineering.

Besides this grounded thematic analysis of the ma-
jor research findings, we also identified traditional
descriptors of each article to gain a general sense of
the field. In particular, for each study, we noted the
date of study and publication, the country or region of
origin of the data collection, the method of data col-
lection, the sample size, and the specified theoretical
frameworks employed by the researchers. Some of
these de scriptors are found in Table 3.

Our thematic coding of the research
findings yielded 4 general key themes
including familiarity with geo engin -
eering technologies, percep tions of risks
and benefits, support for implementation
of geoengineering techno logies, and
trust in governance systems, institutions,
and agencies. The frequencies of the
key themes are shown in Fig. 2.

We originally sought to complete a full
quantitative meta-analysis, but as the
field is relatively nascent, comparable
methods and data are scant, and such
analyses are therefore not feasible at
this time.

3.  RESULTS

To date, most studies envision geoengineering as a
future technology, and collect public opinion data to
assess potential acceptance and preferences for the
potential use of such technologies as an alternative
for slowing the effects of climate change. Fig. 3 visu-
alizes the publication trend since the first studies in
2009. These studies have employed a variety of data
collection methods and investigate a variety of topics.
First, we review the methods of data collection used
in the studies and then review the key themes within
the findings across the reviewed studies.

3.1.  Review: Methods

Multiple forms of social scientific inquiry were used
to collect public perception data regarding geoengi-
neering technologies. Of the 23 papers, 14 in cluded
quantitative data that were collected using either sur-
vey questionnaires (N = 10) or experimental designs
(N = 4) to assess public responses to various prompts
about geoengineering and climate change. Nine pa-
pers discussed the use of qualitative ap proaches in-
cluding interviews (N = 2), focus groups (N = 6), and
open-ended survey questions (N = 2) to gain further
insights behind attitudes among the public when it
comes to geoengineering technologies. Four public
engagement events were re viewed across 6 papers.
These events included the Natural Environment Re-
search Council (NERC)-sponsored ‘Experiment
Earth?’; the UK’s Stratospheric Particle Injection for
Climate Engineering (SPICE) project; a deliberative
mapping workshop with 2 parallel strands of UK citi-
zens and stakeholders/experts, funded mainly by the
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Scopus = 51
WOS = 38  

N = 11 

N = 62 

N = 89 

Removed 27
duplicates across 

databases  

11 11

N = 23 
Excluded papers
with irrelevant 
topics (media 

framing, 
reviews, opinion 
pieces, technical-

related)  

Addition of 12
papers from 

forward/backward 
search, expert 

identification, trade 
publications and 

reports not available 
on WOS and 

Scopus  

Fig. 1. Sample selection process. WOS: Web of Science
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Norfolk Charitable Trust; and another deliberative
workshop in the UK, funded by the Integrated Assess-
ment of Geoengineering Proposals grant of NERC
and the Engineering and Physical Sciences Research
Council. Six papers were multi-modal in their inquiry
and used mixed methods to gather data from
members of the public, hence the overlap in frequency
between methods used and the total number of in-
cluded papers in this review.

3.2.  Key themes

The studies reviewed here are explorations in the
subject matter, and we anticipated that much of the
data collected would be either qualitative or deliber-
ative in nature to explore public perceptions, or sim-
ple quantitative reports to establish baseline trends
within populations. What follows is a review of the
findings across each of the key themes identified in
this review, as visually summarized in Table 4.

3.2.1.  Key Theme I: Familiarity with
 geoengineering technologies is low

As can be expected of any emerging technology,
familiarity and awareness of geoengineering tech-
nologies are quite low. Some of the first familiarity
data came from a UK government-funded project
that investigated the feasibility of stratospheric parti-
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Reference Location of Sampling Sample Data-gathering 
study/participants method size (N) method

Amelung & Funke (2015) Germany Convenience 98 Experiment (interview)
Bellamy & Hulme (2011) UK Self-selection 287 Questionnaire (online)

Purposive 15 (subset of above) Focus group
Bellamy et al. (2016) UK Self-selection 13 Workshop
Borick & Rabe (2012) USA Random 887 Questionnaire (telephone)
Bostrom et al. (2012) Austria, Bangladesh, Convenience/ 664 Questionnaire

Finland, Germany, self-selection
Norway, USA

Carr et al. (2012) Canada, UK, USA Self-selection 2809 Questionnaire (open-ended)
Corner & Pidgeon (2014a) UK Market research company 610 Experiment (online)
Corner & Pidgeon (2014b) UK Market research company 412 Experiment (online)
Corner et al. (2013) UK Recruitment agency 44 Workshop
GAO (2011) USA Online research panel 1006 Questionnaire

Not reported Not reported Focus group
Ha-Duong et al. (2009) France Stratified 1076 Questionnaire (CAPI)
Ipsos-MORI UK Not reported 85 Workshop

Not reported 20 Discussion groups
65 Qualitative survey (online)

>40 Open access events
Kahan et al. (2015) UK, USA Stratified 2829 Experiment
Macnaghten & Szerszynski (2013) UK Professional recruiters 42−56 Focus group
Mercer et al. (2011) Canada, UK, USA Research firms 2893 Questionnaire (online)
Merk et al. (2015) Germany Online panel 1040 Questionnaire (online)
Parkhill & Pidgeon (2011) UK Recruitment agency 32 Workshop
Parkhill et al. (2013) UK Not reported 32 Workshop
Pidgeon et al. (2012) UK Not reported 53 Interview

Quota 1822 Questionnaire (CAPI)
Pidgeon et al. (2013) UK Not reported 32 Workshop
Spence et al. (2010) UK Stratified 1822 Questionnaire (CAPI)
Royal Society (2009) UK Market research bureau 4 groups Focus group

1000 Poll
Wibeck et al. (2015) Sweden Self-selection 45 Focus group

Table 3. Sampled populations in studies. CAPI: computer-assisted personal interviewing; GAO: US Government Accountability Office

12 

13 

19 

22 

0 5 10 15 20 25 

Support for use

Risk & benefit
 perceptions

Familiarity

Trust in authorities

Fig. 2. Frequency of general key themes
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Reference Specific type of technologies used Familiarity Risk and Support Trust in 
with benefit for research governing 

technology perceptions and use bodies

Amelung & Funke (2015) SRM: stratospheric aerosols, cloud whitening ✔ ✔

CDR: ocean fertilization
Bellamy & Hulme (2011) Geoengineering (SRM and CDR) ✔ ✔

Bellamy et al. (2016) SRM: stratospheric aerosol injection, air capture ✔ ✔

CDR: biochar, afforestation
Borick & Rabe (2012) Geoengineering ✔ ✔ ✔

Bostrom et al. (2012) SRM: putting more dust in the atmosphere ✔ ✔

CDR: fertilizing the oceans to make algae grow
Carr et al. (2012) SRM: stratospheric aerosol injection ✔ ✔ ✔

Corner & Pidgeon (2014a) Geoengineering ✔ ✔ ✔

Corner & Pidgeon (2014b) Geoengineering ✔ ✔ ✔

Corner et al. (2013) CDR: biological air capture, chemical air capture ✔ ✔

SRM: stratospheric aerosols, cloud brightening
GAO (2011) Geoengineering (SRM and CDR) ✔ ✔ ✔ ✔

Ha-Duong et al. (2009) CDR: ocean iron fertilization, forest carbon sequestration ✔ ✔ ✔

Ipsos-MORI (2010) SRM: cloud whitening, sulfate particles, mirrors in ✔ ✔ ✔ ✔

space, white roofs
CDR: afforestation, biochar, iron fertilization, liming, air capture

Kahan et al. (2015) Geoengineering ✔

Macnaghten & Szerszynski (2013) SRM ✔ ✔

Mercer et al. (2011) SRM ✔ ✔ ✔ ✔

Merk et al. (2015) SRM: Stratospheric sulfate injection ✔ ✔ ✔ ✔

Parkhill & Pidgeon (2011) SRM: Stratospheric particle injection ✔ ✔ ✔ ✔

Parkhill et al. (2013) SRM: Stratospheric particle injection ✔ ✔ ✔ ✔

Pidgeon et al. (2012) SRM: Stratospheric aerosols/sulfates, mirrors in space ✔ ✔

Pidgeon et al. (2013) SRM: Stratospheric aerosols ✔ ✔ ✔ ✔

Spence et al. (2010) Geoengineering (SRM and CDR) ✔ ✔

Royal Society (2009) SRM: Stratospheric aerosols ✔ ✔

CDR: Ocean iron fertilization, CO2 capture from air
Wibeck et al. (2015) SRM: Space mirrors, stratospheric sulfur injection, ✔ ✔ ✔ ✔

marine cloud brightening, rooftop painting, crop brightening
CDR: Direct air capture, ocean iron fertilization

Table 4. Key themes by publication. Check marks indicate the presence of novel public perception data reported for each key theme. 
CDR: carbon dioxide removal; GAO: US Government Accountability Office; SRM: solar radiation management

Fig. 3. Publication trends over time. GAO: US Government Accountability Office
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cle injection for climate engineering (which has since
been referred to as the SPICE project). Pidgeon et al.
(2012) noted a general low level of familiarity with
geoengineering, and a follow-up quantitative survey
(N = 1822) found 75% of respondents in a UK study
investigating SRM and CDR technologies reported
having never heard of the technologies, or having
known almost nothing about them, while only 7%
reported they knew ‘a fair amount’ or a ‘great
amount’ about the technologies (Spence et al. 2010,
p. 20). Similar low initial familiarity data from the
SPICE project have also been reported by Parkhill et
al. (2013), Pidgeon et al. (2013), and Corner & Pid-
geon (2014a,b). In a later study, participants still had
almost never heard of geoengineering, and could not
describe specific geoengineering techniques, or
wrongly identified other techniques as geoengineer-
ing (Wibeck et al. 2015).

Ipsos-MORI (2010) reported from their NERC-spon-
sored public engagement event ‘Experiment Earth?’
that familiarity with CDR technologies like biochar
and ocean fertilization were quite low, but that
through the course of the event-based dialogues, in-
cluding a public workshop, discussion groups, and an
online qualitative survey, familiarity and knowledge
increased — so too did public acceptance and desires
for more CDR solutions as opposed to SRM technolo-
gies. Mercer et al. (2011) reported that 8% of respon-
dents were able to correctly define geoengineering,
while another 45% were able to define climate engi-
neering correctly. The authors noted that familiarity
with geoengineering might be higher than previously
suspected by other researchers. The US Government
Accountability Office (GAO) (2011) conducted focus
groups and a large sample survey of American adults
(N = 1006) in 2010 and found that approximately 65%
of respondents were unfamiliar with geoengineering.
A similar percentage of res pondents were open to re-
search on geoengineering to determine whether such
methods would be both practical and safe. In 2012,
Merk et al. (2015) conducted an online survey in Ger-
many (N = 1040) and reported that roughly 80% of
their respondents were not familiar with stratospheric
sulfate injection as a potential mitigating strategy for
curbing anthropo genic climate change.

3.2.2.  Key Theme II: Risks associated with
 geoengineering likely outweigh potential benefits

The formal study of public perceptions of risks and
benefits regarding technologies are often traced
back to Starr’s (1969) work that asked, ‘What is our

society willing to pay for safety?’ (p. 1232). Evalua-
tion of trade-offs in potential risks and benefits of
geoengineering technologies are approached much
in the same way as they were almost 50 yr ago. Emer-
gence of this theme stemmed from many of the
mixed findings that noted that members of the public
were intrigued by the potential benefits of geoengi-
neering technologies, but the risks associated with
the use of such technologies impede public support
and acceptance of such initiatives.

In this subsection, we further unpack risks and ben-
efits across the reviewed papers. First, we re view
general geoengineering risks and then focus on SRM
risks (as multiple papers review this class of geo -
engineering technologies). We then follow a similar
structure for benefits, first discussing general geo-
engineering benefits followed by SRM benefit per-
ceptions among the public reported in the re viewed
papers. We conclude this subsection with discussion
of the scant data available that compare risk and ben-
efit perceptions of CDR against SRM technologies.

General geoengineering risks

Currently, the public may perceive more risks than
benefits considering geoengineering technologies
when discussed in general. For instance, 50 to 75% of
the US adult public was concerned about geoengi-
neering techniques being harmful, while only 45%
were optimistic of the potential benefits of the tech-
nologies (GAO 2011). While not empirically assessed,
this trend witnessed across many of the studies may
be associated with the low level of familiarity with
geoengineering technologies, as well as a lack of pre -
cedent for large-scale mitigation strategies like those
under investigation in these studies (Parkhill & Pid-
geon 2011). One of the earliest studies in the sample
conducted focus group discussions in Britain on po-
tential environmental issues related to stratospheric
aerosols, ocean iron fertilization, and carbon capture
from air, and concluded that ‘[p]erception of geoengi-
neering techniques was generally negative’ (Royal
Society 2009, p. 43). Ipsos-MORI (2010) listed more
specifically the environmental concerns the public
held, including the potential for geoengineering to
disrupt other mitigation efforts, interfere with nature’s
processes and balance, or result in uncontrollable, ir-
reversible, or ineffective results; Germans (N = 98) ex-
pressed similar concerns in a think-aloud interview
session, with 49% asking at least 1 question relating
to negative consequences of geoengineering (Ame -
lung & Funke 2015). Likewise, though Swedish focus
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group participants did not immediately reject geo-
engineering options, counter-arguments relating to
unpredictable or uncertain side-effects and risks were
brought up whenever there were arguments favoring
geoengineering (Wibeck et al. 2015)

In the UK, Bellamy & Hulme (2011) used a quanti-
tative survey (N = 287) and focus groups (N = 15)
along with cultural theory as a framework to under-
stand public perception toward climate change is -
sues. Cultural differences are associated with those
holding different perceptions of risk, where partici-
pants with an egalitarian bias warned of geoengi-
neering’s possible dangers and advised that it should
be used very carefully or not at all. Conversely, those
who had hierarchist bias were more in favor of geo-
engineering options. Egalitarians tended to view risk
as a catastrophe, and hierarchists viewed risk as
acceptable, as long as experts decide so. Finally,
Kahan et al.’s (2015) experiment noted that subjects
exposed to static information about geoengineering
were slight ly more concerned about climate change
risks than those assigned to a control condition,
although the authors do not garner further public
perceptions re garding geoengineering perceptions.

Geoengineering also posed hazards regarding a
desire to not ‘mess with nature’ as reported in the
SPICE workshop (Pidgeon et al. 2013) as well as
other deliberative workshops held in the UK (Bel-
lamy et al. 2016), focus groups (Wibeck et al. 2015),
and online experiments (Corner & Pidgeon 2014a,b).

SRM risks 

Studies in a variety of countries have assessed SRM
risk perceptions. In the USA, 69% of 887 respondents
agreed or strongly agreed that adding materials to
the atmosphere would do more harm than good to
the environment (Borick & Rabe 2012). In Germany,
the overall perceived risks of SRM is even higher,
with 81% of respondents (N = 1040) perceiving it as
a very large or somewhat large risk (Merk et al.
2015). Abrupt temperature changes, unknown risks,
and changes in rainfall were among serious risks for
participants. Two international samples drew from
the USA, UK, and Canada. Mercer et al.’s (2011)
large international survey (N = 3105)1 noted multiple
perceived risks of SRM on a 4-point Likert scale,
including: damage to the ozone layer (mean = 3.65,
SD = 0.63), changes in rainfall (mean = 3.52, SD =

0.69), removal of people’s motivation to change their
current lifestyle (mean = 3.24, SD = 0.85), allowing
coal, oil, and natural gas companies to keep releasing
greenhouse gases (mean = 3.17, SD = 0.91), and
unknown risks (mean = 3.68, SD = 0.60). Carr et al.
(2012) analyzed 2809 answers to an open-ended
question in a larger survey and noted that roughly
68% of participants were concerned about the poten-
tial negative side effects and ethical aspects of SRM.
Finally, Bostrom et al.’s (2012) international sample
from Austria, Bangla desh, Finland, Germany, Nor-
way, and the USA noted that participants were least
in favor of engineering alternatives toward climate
change mitigation, and were largely unsure about
the effectiveness of ‘putting more dust in the atmos-
phere’ and ‘fertilizing the oceans to make algae
grow’ (p. 215).

General geoengineering benefits 

Apparent to our thematic analysis, public sentiment
about the benefits of geoengineering were much less
frequently reported than risk perceptions. Parkhill et
al. (2013) offer an explanation for this by noting that
‘it would be fair to comment that, whilst most of our
participants were happy to discuss the perceived
benefits of geoengineering, this was juxtaposed with
a desire to have frank and meaningful discussions
over the difficulties, challenges and uncertainties, in-
cluding the perspective of innovators’ (p. 234). While
it seems apparent that the public at large has more
readily discussed their risk perceptions rather than
the benefits of geoengineering, some studies also
provide interesting insights into when such technolo-
gies might be more accepted by the general
populace. Some studies reported that the public rec-
ognizes geoengineering may be of use to combat an-
thropogenic climate change, but they would hold off
use of such technologies until other mitigation efforts
become insufficient (Ipsos-MORI 2010, Amelung &
Funke 2015). Further general reports by the GAO
(2011) noted that 45% of respondents to their survey
were optimistic about the benefits of geoengineering,
but this level of optimism may have been affected by
the uncertainties of geoengineering’s effects on hu-
man health and the environment.

SRM benefits

Mercer et al. (2011) found that perceived SRM ben-
efits included stopping climate emergencies (mean =
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1Survey questions were asked using a 4-point Likert scale
ranging from 1 = ‘not at all important’ to 4 = ‘very important.’
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3.26, SD = 0.80), slowing global warming (mean =
3.23, SD = 0.81), boosting the effects of cutting emis-
sions (mean = 3.18, SD = 0.81), and being a cheaper
option than to stop using fossil fuels (mean = 2.80,
SD = 0.94). Overall benefits of SRM were perceived
to be small by 51% of respondents and large by 41%
of respondents. The main benefit was the possibility
of preventing climate emergencies and cooling the
climate quickly.

SRM vs. CDR

Apart from the commonly reported negative lean-
ings of the public toward geoengineering appli -
cations, some studies found that the public’s per -
ceptions varied by the type of geoengineering
technology under consideration. Generally, CDR
methods were preferred over SRM methods, as the
public viewed them as more natural in their inter -
action with the environment and less risky overall.
Bellamy & Hulme (2011), however, also noted that
views were more collective toward geoengineering
as a whole rather than application specific. Geoengi-
neering technologies were either denounced or
endorsed entirely, with no distinction made between
CDR and SRM technologies. This may highlight a
greater need for application-specific inquiry and
public engagement to understand how people come
to make sense of the variety of individual technolo-
gies as well as large umbrella terms used to describe
them.

3.2.3.  Key Theme III: The public does not support
current use of geoengineering, but they do support

greater research and potential future use

Most proposed technological responses to anthro-
pogenic climate change are not yet in full use, and
many are still nascent in their development. Public
support for funding and development of emerging
technologies is crucial, and greater efforts to in -
clude public sentiment in the research and devel-
opment process have become more common over
the past decade. As noted earlier, most studies con-
sider geoengineering a future technology and have
spent considerable efforts assessing if their respon-
dents support the development and use of such
technologies. All of the reviewed work in this
paper, except Kahan et al. (2015), report public
perceptions of support and/or use of geoengineer-
ing technologies.

The Royal Society (2009) noted general low sup-
port for geoengineering technology use, with 39%
supporting the use of ocean fertilization techniques,
while SRM was less supported, with 22% favoring
the use of stratospheric aerosol injection. The ‘Ex -
periment Earth?’ (Ipsos-MORI 2010) dialogue noted
that following the workshop, participants were not
‘vehemently against all geoengineering approaches
as a matter of principle’ (p. 1), and that they showed
greater support for carbon solutions over SRM tech-
nologies because they viewed them as more natural
and more likely to garner faster positive results.
GAO (2011) noted strong support for further
research and development of geoengineering tech-
nologies among the majority of US respondents.
However, they also noted that ‘a small number’ of
respondents opposed geoengineering research and
expressed significant concerns regarding ‘the risks
associated with the research itself or the technol-
ogy’s deployment’ (p. vii). Mercer et al. (2011) and
Carr et al. (2012) reported data from the same study.
Mercer et al. (2011) noted strong support for future
SRM research, but their respondents were also wary
of supporting immediate use of the technologies,
due to perceptions of uncertain risks. Carr et al.
(2012) added to these findings, noting that those
who were less likely to support development and
use of SRM technologies held beliefs that the tech-
nology would be ‘messing with nature’ and showed
concern that the use of such technologies may
equate to ‘playing God.’

Bellamy & Hulme (2011) noted that support for
geoengineering use is low, and that cultural values
are a likely driver of public will as ‘[t]hose who
were in favor tended to display a psychometrically
attributed hierarchist bias,’ and the egalitarians
tended to be cautious of the possible dangers
involved, ‘advising extreme care over its use or
denouncing it completely’ (p. 57). In a subsequent
study, Bellamy et al. (2016) noted that biochar was
moderately supported for use, but that stratospheric
aerosol injections were greatly unsupported by their
workshop participants.

Bostrom et al. (2012) noted that geoengineering
was the least supported mitigation strategy, with
7% of their international respondents supporting
the use of SRM technologies that would ‘put dust in
the atmosphere,’ while 26% supported the promo-
tion of algal blooms using ocean fertilization tech-
niques. Borick & Rabe (2012) also found little
 support for geoengineering, especially SRM tech -
no logies, noting that from their survey of US
respondents, attempting to ‘reduce global warming
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by adding materials to the atmosphere will cause
more harm than good for the environment’ (p. 4).
They do, however, note that support for geoengi-
neering options increases for individuals in the US
who be lieve that global warming is occurring ver-
sus those who still believe that global warming is
unfounded.

Data associated with the SPICE program noted
from their public dialogues that participants were
more supportive of CDR techniques and questioned
the efficacy of stratospheric aerosol uses. Pidgeon et
al. (2012) and Spence et al. (2010) also report from
the same set of studies, noting that the public gener-
ally supported the potential use of CDR techniques
more than SRM, and they echo the sentiment that
further engagement is necessary as the technologies
continue to be developed. Collectively, they report
that public support for research and development is
high but that many members of the public ‘have
reservations’ (Parkhill & Pidgeon 2011, p. 24) regard-
ing the use of geoengineering technologies in situ.
Corner et al. (2013) reported contestation and
ambivalence for support of geoengineering from
their focus groups, noting that ‘although there was
almost universal acknowledgement that geoengi-
neering meant that natural systems would be inter-
fered with, there was no consensus about whether
this was a good or bad thing’ (p. 945).

Corner & Pidgeon (2014a,b) also note from their
work that the framing of the technology was influ-
ential on participants’ support and that people were
more likely to support development and use of geo-
engineering if it is portrayed as ‘analogous to natu-
ral processes’ (Corner & Pidgeon 2014a, p. 1); fram-
ing geoengineering as a ‘moral hazard’ garnered
more support for development and use of the tech-
nologies among those who believed climate change
is actually occurring, while climate change skeptics
were ‘less likely to be persuaded by the moral haz-
ard argument’ which notes how peceptions that one
is protected from undesirable outcomes may lead to
in creased risky behavior (Corner & Pidgeon 2014b,
p. 11). Similar themes surfaced from the focus
groups conducted by Wibeck et al. (2015). Partici-
pants were less supportive of geoengineering op -
tions because it was perceived as artificial and
may lead to a false sense of security that geoengi-
neering is an insurance against the effects of
climate change and leads to reduced mitigation and
adaptation efforts.

Macnaghten & Szerszynski (2013) reported that
most members of their UK focus groups had ‘condi-
tional acceptance’ (p. 468) of SRM technologies, and

they noted 5 characteristics likely to influence sup-
port for use of SRM technologies that included scien-
tific robustness, research foreseeability, research
effica cy, effective governance, and democracy in
decision-making.

For perceptions of afforestation, reforestation, and
iron ocean fertilization, Ha-Duong et al. (2009) dis-
cussed how awareness of these technologies was lim-
ited within the public, yet they were still able to note
relative degrees of acceptance and resistance to such
technologies’ development. Specifically, Ha-Duong
et al. (2009) found among a sample of 1076 individu-
als in France that 48% of respondents noted aware-
ness of forest carbon sequestration, yet only 16%
noted a similar level of awareness for iron ocean fer-
tilization. Relative to perceptions of outcomes, Ha-
Duong et al. (2009) found that 57% of respondents
argued that afforestation and reforestation were
effective methods of combating climate change, yet
only 3% indicated that iron ocean fertilization was
effective. However, the authors noted that the rich-
ness and accuracy of public responses increased
among better-educated respondents, with such res -
pondents ‘inclined relatively more towards the envi-
ronment’ (p. 635). Likewise, respondents with lower
levels of education expressed less familiarity with
these technologies, where such respondents ‘gave
relatively more attention to the economy [in their
responses].’ Ha-Duong et al. (2009) also found that a
small percentage, 9%, of their sample were skeptical
of the realities of anthropologic climate change, and
were thus less likely to support the development and
use of geoengineering practices.

Amelung & Funke’s (2015) case study based quasi-
experiment found that participants ‘show a greater
tendency to accept’ (p. 552) geoengineering options
when they (1) realize that current mitigation options
may be failing, and (2) perceive acceptably low lev-
els of risk in the geoengineering approach.

Finally, concerning SRM technologies, Merk et al.
(2015) found significant support for laboratory re -
search but not field testing for SRM among their Ger-
man population study noting, ‘Laboratory research is
widely accepted; with 80% of respondents agreeing
that scientists should study sulfate injection through
computer models and laboratory experiments
(p. 304),’ while only 47% were supportive of field
testing SRM technologies.

The next subsection reviews issues of trust in geo-
engineering developers, namely scientists and indus-
try, as well as institutions and governments who
would regulate and oversee use of geoengineering
technologies in practice.
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3.2.4.  Key Theme IV: International governance of
geoengineering is desired, although trust in

 stakeholders varies greatly by source

Noting that geoengineering is an emerging set of
technologies, public perception is also likely to
depend on information sources and how authorities
and stakeholders govern the development and use of
the potential technologies. Ipsos-MORI (2010)
reported that the public wants to be kept informed
and given transparent data so that they can make
informed decisions on giving and withdrawing sup-
port for initiatives that may impact the entire planet.
Their respondents reported desires for greater inter-
national governance and shared responsibility, and
they also voiced concern that as a collective society,
we must take actions to avoid unequal distribution of
effects and benefits as well as minimize any political
strife. Similar concerns were reported for the SPICE
workshop; respondents recommended that interna-
tional governance and regulatory structures should
be developed not just for deployment of the technol-
ogy but also for research and testing (Parkhill & Pid-
geon 2011, Parkhill et al. 2013, Pidgeon et al. 2013).
Carr et al. (2012), Macnaghten & Szerszynski (2013),
and Wibeck et al. (2015) found similar public senti-
ments in relation to the governance of SRM.

Several studies also rated the levels of trust partic-
ipants had in various stakeholders, those people and
groups involved directly in the development, deploy-
ment, monitoring, and governing of geoengineering
technologies. Consistently, scientists and researchers
were the most trusted, and profiting organizations
and industry were among the least trusted. GAO
(2011) estimated participants’ preference for various
stakeholders’ involvement in geoengineering deci-
sions in the following order: scientific community
(75%), coalition of national governments (70%), indi-
vidual governments (55%), general public (50%),
private foundations and not-for-profit organizations
(45%), and finally for-profit organizations (40%).
Mercer et al. (2011) reported participants’ trust in
SRM information from various sources: university re -
searchers (75%), environmental organizations
(65%), and family and friends (63%). There was
lesser trust in the federal government (34%), reli-
gious leaders (29%), private companies (29%),
media (26%), and industries benefiting from SRM
(22%). Borick & Rabe (2012)2 found that if global
warming does take place, only 31% of respondents
were confident that scientists would be able to find
ways to alter the climate, although they noted this
report may be due to a significant portion of their

respondents who voiced disbelief that global warm-
ing is occurring at all.

Merk et al. (2015) used a slightly different ap -
proach of measuring trust, directly investigating how
trust in various stakeholders affects acceptance of
geoengineering. Trust in scientists who perform
research on sulfate injection was the most important.
Then came trust in firms involved in sulfate injection
projects, in cases where field research or deployment
was necessitated. Trust in government and environ-
mental organizations was associated with the accept-
ance of field research, and trust in the European
Union was associated with the acceptance of imme-
diate deployment.

4.  DISCUSSION

Geoengineering technologies are currently being
proposed for future use. Most are being investigated
to establish their potential efficacy and scalability in
reducing the effects of climate change. Uncertainty
regarding each application remains high for re -
searchers and policy-makers. Growing trends to
incorporate public will in technological development
have led to investigations of perceptions to both CRD
and SRM applications. This systematic review pro-
vides insights into the methods of inquiry and results
from studies that report public perceptions of geo-
engineering from around the world. Our results
demonstrate that the field is quite young, with the
earliest studies being published in 2009. Most arti-
cles reported on both CDR and SRM techniques (N =
10), although 4 reported on geoengineering as a sin-
gular entity without investigating differences with
respect to individual proposals. A slant toward a
higher proportion of articles reporting on SRM (N =
8) as compared to CDR (N = 1) may also be due to
numerous publications by the same authors. The fre-
quencies of studies by the technological proposals
evaluated are depicted in Fig. 4.

Although geoengineering is a seemingly nascent
field, a great diversity of social scientific methods has
been used to assess public perceptions ranging from
personal interviews, focus groups, and deliberative
public engagement exercises to survey question-
naires and experiments. Bringing all the extant stud-
ies together in this piece serves as a form of triangu-
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warming does take place I have confidence that scientists
would be able to find ways to alter the climate in a way that
limits problems.’
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lation of research that allows researchers and deci-
sion-makers to look ‘between (or across) methods’ to
corroborate, evaluate, and potentially validate find-
ings (Denzin 1978, p. 302). Such reviews can also
promote theory development and identify areas
where greater emphasis is needed.

To summarize, geoengineering familiarity and
awareness is quite low among the general population
sampled in studies but demonstrably increases as the
public gains exposure to science communication
engagements and deliberative workshops. In gen-
eral, support for future research and development of
the technologies are mostly positive, yet at this time,
support for use of both CDR and SRM technologies
remains low but with a greater preference for CDR
over SRM use. There also seems to be wide support
for international collaboration of governing bodies,
but trust levels vary by population and source.

Geoengineering proposals will continue to gain
prominence, governments and decision-makers will
continue to prepare and anticipate proposals, and
future studies must also progress to better inform
research and development (R&D) and governance
processes. We, like others, echo the sentiment of the
Royal Society’s (2009) conclusion that ‘further and
more thorough investigations of public attitudes,
concerns and uncertainties over geoengineering
should be carried out in parallel with technological
R&D, and accompanied by appropriate educational
and knowledge exchange activities, to enable better
informed debate and policy making’ (p. 43). Given
the current low state of familiarity among the general
public, some researchers have proposed to increase
public awareness and participation (Scheer & Renn
2014). Provision of more Internet-based communica-
tion, more public engagement events, and more dia-
logues have been proposed to garner greater infor-

mation regarding the ‘wishes, concerns, and ideas of
citizens who are not affiliated with specific organiza-
tions and to feed this information back into the for-
mulation of policy’ (Scheer & Renn 2014, p. 315).

While such events and data may improve the
understanding of public perceptions, engagement
exercises often lack demonstrative influence on
 policy-making and agenda-setting initiatives and
can be quite costly to operate and recruit representa-
tive panel members (Powell & Kleinman 2008,
Berube et al. 2010). Furthermore, 2 topics arise from
this review of the methods and results of public per-
ception studies: sampling and framing. Each may be
viewed as both a potential limitation to the current
corpus of studies and an identifiable opportunity for
future investigations.

As witnessed in our review, the majority of studies
employ convenience sampling or self-selection of
members of the public for both survey studies and
workshops. This is quite common in the social sci-
ences. Primary investigations of public perceptions
are typically qualitative, using small sample sizes
and investigating myriad topics in highly descriptive
manners. As the subject area becomes better defined
from these investigations, subsequent studies tend to
become more quantitative and explanative or predic-
tive in nature. This sequential design seems to be
occurring within the field of public perceptions to
geoengineering as well.

While the field is developing from the descriptive
accounts that first benchmarked public perceptions,
concerns may remain about the potential applica -
bility of data collected from self-selected partici -
pants and convenience samples — especially if the
aim of such data is to become a basis for policy- and
 decision-making. For this developing field, and for
most social scientific arenas, improved representa-
tiveness can be continually strived for if the goal of
understanding public perceptions is to empower
more democratic forms of technological governance.
This is an issue that is well known among public
opinion survey researchers, but it also is an area of
concern for researchers who populate data from pub-
lic engagement events and focus groups. Berube et
al. (2010) note that many ‘public engagement and
deliberation models use sampling techniques that
are not sufficiently representative of general pop -
ulations. For example, participants who are self-
selected individuals who have the time, the means,
and the motivation to partake in lengthy conferences
and workshops are far less representative than
 members of the general public. The consequence of
models that use self-selected samples from special
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popu lations is that the conclusions drawn do not rep-
resent the attitudes and opinions of the general pub-
lic’ (p. 84).

In the case of the reviewed studies in this field, the
workshops and focus groups are the first steps to
understanding public perceptions of geoengineer-
ing. While concerns of representativeness may be
warranted at this time, the reviewed corpus of public
perception of geoengineering studies provides a siz-
able and useful benchmark from which future stud-
ies may elaborate findings and from which re -
searchers, government agencies, and policy-makers
may draw insight. As the field moves forward, there
are opportunities to continue to improve representa-
tiveness of data to better inform anticipatory gover-
nance initiatives.

Besides sampling, the manner through which geo-
engineering is conveyed to public audiences should
be noted as both a potential limitation and an oppor-
tunity for future researchers. While traditionally,
public opinion research aims to understand percep-
tions, in this case the low level of familiarity with geo-
engineering applications may make public percep-
tion research a significant factor in shaping public
opinion rather than identifying perceptions. For
emerging and highly unfamiliar technologies like
CDR and SRM, perception studies may unintention-
ally guide or even construct public perceptions fol-
lowing the common stimulus−response frameworks
employed to first introduce and frame a new topic
and then assess individual response. This may be
especially pernicious, as many of the proposed tech-
nologies are, as of yet, ill defined by researchers and
developers of the technologies themselves.

Care should be taken to appropriately represent
the technologies and to acknowledge the host of
antecedent value predispositions and information
sources that also play vital roles in attitude formation.
We agree with other scholars who contend that fur-
ther critical inquiry of the manner by which public
perceptions of geoengineering are assessed is not
only warranted but critical for the field to evolve.

Public engagement with science (PES) scholars
have noted that the ‘discursive and analytical frames
of reference’ from which members of the public base
their perceptions can impact findings significantly
(Bellamy & Lezaun 2015, p. 2). For instance, Bellamy
& Lezaun (2015) examine the development and ex -
pansion of frames used by PES researchers in delib-
erative workshops in the UK. They note that early
depictions were coupled with frames that described
geoengineering as a potential response to a ‘climate
emergency’ that was likely to skew public percep-

tions to favor ‘fast-acting and highly impactful’ geo-
engineering proposals (p. 5). They argue that such
depictions of geoengineering may have led to “a pre-
mature ‘closing down’ of policy options, favoring
those proposals that were presented as the most
‘technically effective’” (Bellamy et al. 2012, Bellamy
& Lezaun 2015, p. 6). These scholars call for greater
diversity of discursive approaches, and have attemp -
ted to provide this in what they call a ‘second wave’
of deliberative workshops in the UK that sought to
improve on the rigidity of previous deliberations.
Here, they have attempted to depart from the previ-
ous ‘climate emergency’ frame and instead depict
geoengineering as “part of a ‘societal responses to
climate change’ frame” while also seeking to ‘un -
frame’ the issue to promote dialogue.

Besides the deliberative workshops in the UK,
other studies have framed geoengineering proposals
in a variety of ways ranging from potential policy
options of a ‘federal climate change budget’ (Ame -
lung & Funke 2015, p. 540) to ‘a necessary and more
effective alternative to even stricter CO2–emission
limits’ (Kahan et al. 2015, p. 197), while others do
very little to provide a frame to their inquiry. Given
the plethora of frames, we support future empirical
study that would experimentally test the effects of
distinct frames on public perceptions to geoengineer-
ing proposals. This future research would avoid
speculation about potential effects and would best
empirically document and assess the valence and
degree of effect different frames have on public per-
ceptions.

Such methodological and contextual improve-
ments are vital for the promotion of adaptive gover-
nance for geoengineering regulation. Where antici-
patory governance seeks to foster iterative, flexible,
and responsive regulatory improvements that are
altered over time to incorporate new information
regarding technological risk and benefit, incorporat-
ing public opinion within such governance is a nec-
essary and vital inclusion to identify (1) risk priorities
that regulators should follow and (2) areas of concern
that researchers and innovators should address to
mitigate or manage risk in an effective and responsi-
ble manner (Guston 2014, Foley et al. 2015). A vari-
ety of tools are available to foster such adaptive gov-
ernance for geoengineering, yet such tools require
input from both expert and public opinion to drive
regulatory risk governance (Guston & Sarewitz 2002,
Macnaghten et al. 2005).

This paper reflects one such effort necessary to
promote effective adaptive governance for geoengi-
neering by reviewing the existing array of studies
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that assess public opinion of various geoengineering
processes and activities. Collective input from such a
review may both (1) signal priorities for risk regula-
tion and necessary precaution for certain technologi-
cal processes and (2) identify themes of discussion
that require improved efforts at risk communication
to better inform the public of the societal, economic,
and environmental benefits of geoengineering activ-
ities (Corner et al. 2012). More specifically, Malloy et
al. (2016) and Bates et al. (2016) note that insights
from such reviews may indicate areas of scholarly
opinion regarding regulatory loopholes and risk con-
cerns that may not be well understood due to the
emerging nature of the proposed technologies and
approaches. Further, Bates et al. (2016) describe how
such contextual information can help structure and
populate decision models on emerging technological
applications under high uncertainty and limited
information — where such decision models and sup-
port systems may indicate optimal avenues for pol-
icy-makers and other key decision-makers. Such
efforts are equally applicable to other emerging tech-
nologies, where a mixture of uncertainty and risk
complicates traditional efforts at risk management
while also requiring vigorous public engagement
and active risk communication to ensure such tech-
nologies are leveraged in a manner that maximizes
benefits and mitigates risks where possible. Future
studies may build on the data reviewed in this paper
to better understand public perceptions of geoengi-
neering, and assess factors that influence perception
formation of this growing set of climate mitigation
proposals.
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