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a b s t r a c t

Due to the fear of the consequences of climate change, many scientists today advocate the research into—
but not deployment of—geoengineering, large-scale technological control of the global climate, to reduce
the uncertainty around its efficacy and harms. Scientists propose in particular initiating field trials of
stratospheric aerosol injection (SAI). This paper examines how the meanings of geoengineering experi-
mentation, specifically SAI field trials, are reconfigured in the deliberation of the lay public. To this
end, we conducted focus groups with Japanese citizens in June 2015 on the geoengineering concept
and SAI field trials. Our main findings are as follows: the ‘climate emergency’ framing compelled the
lay public to accept, either willingly or reluctantly, the need for ‘geoengineering research’; however, pub-
lic discourse on SAI field trials was ambiguous and ambivalent, involving both tensions and dilemmas in
understanding what the SAI field trial is for and about. Our results exhibit how the lay public wrestles
with understanding the social, political, and ethical implications of SAI field trials in multiple dimensions,
namely, accountability, controllability, predictability, and desirability. The paper argues that more clarity in
the term ‘geoengineering research’ is needed to facilitate inclusive and pluralistic debates on geoengi-
neering experimentation and not to preemptively arrive at a consensus that ‘we need more research.’
We conclude that ambivalence about both the pros and cons of geoengineering experimentation seems
to be enduring; thus, instead of ignoring or repressing it, embracing ambivalence is required to keep the
geoengineering debate democratic and inclusive.

� 2017 Elsevier Ltd. All rights reserved.
1. Introduction

In the last decade, the idea of deliberate manipulation of the
earth’s climate to counteract anthropogenic climate change,
known as geoengineering or climate engineering, has been increas-
ingly incorporated into the mainstream climate debate as a poten-
tial response option (IPCC, 2012, 2014). However, the prospect of
geoengineering frightens people because such manipulation of
the nature generates deep uncertainty over the climate system,
and therefore might result in unintended, unpredictable, and
uncontrollable negative—potentially catastrophic—consequences
(e.g. Robock, 2008). Geoengineering may fundamentally alter the
relationship between human and nature or significantly under-
mine political efforts toward mitigating climate change, which
has induced strong ethical condemnation (e.g., Hamilton, 2013;
Gardiner, 2010). Despite these downsides, geoengineering creates
an ‘‘atmosphere of hope” (Flannery, 2015), a feeling that it is the
only option that may ward off dangerous climate change. The
vision of geoengineering is emotionally anchored between hopes
and fears, and is imbued with ambivalence about the choice of
futures (Asayama, 2015).

The term ‘geoengineering’ is used to cover a diverse and hetero-
geneous group of putative technologies, commonly divided into
two distinctive categories: solar radiation management (SRM)
and carbon dioxide removal (CDR) (Royal Society, 2009). While
SRM is to reduce incoming sunlight and reflect it back to space,
CDR is to remove carbon dioxide (CO2) from the atmosphere. Most
geoengineering technologies are still hypothetical, existing so far
only as computational imaginaries represented in climate models
(Kravitz et al., 2013a,b), or as discursive realities in policy reports
(Huttunen et al., 2015) and news media coverage (Nerlich and
Jaspal, 2012; Anshelm and Hansson, 2014a,b; Luokkanen et al.,
2014). Geoengineering is not (yet) a physically-tangible technolog-
ical object, so what constitutes geoengineering? It is the very idea
that humans attempt to technologically control the global climate,
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i.e., the provision of setting a global thermostat for the planet
(Hulme, 2014). Because it essentially places the earth itself on an
experimental stage, geoengineering can be seen as a discourse of
experimentation.

The case of the SPICE (Stratospheric Particle Injection for Cli-
mate Engineering) project in the UK illustrates the experimentality
of geoengineering. The SPICE project attempted to conduct a field
experiment of geoengineering, though it was eventually canceled
due to a conflict of interest related to a patent application. The
SPICE trial was experimental in many senses, not only because it
was the UK’s first field test of geoengineering technology but also,
and more importantly, because it was a social experiment that
involved extra-scientific scrutiny, such as public engagement exer-
cises with lay citizens (Pidgeon et al., 2013; Stilgoe et al., 2013a;
Stilgoe, 2015). The SPICE case indicates that engaging the public
in geoengineering is part of ‘‘an experimental system [of geoengi-
neering] in which knowns and unknowns are negotiated, in public
discourse and in research projects” (Stilgoe, 2016, p. 853; see also
Bellamy and Lezaun, 2015).

There is now a chorus of scientists calling for ‘more research’ on
geoengineering. Scientists are especially proposing to start field tri-
als of stratospheric aerosol injection (SAI), a technology that
involves spraying reflective particles into the stratosphere to
reduce solar radiation, and which is considered one of the most
emblematic geoengineering technologies (Hulme, 2012). However,
field experiments of SAI are subject to controversial debates, can be
seen as an archetype of ‘‘post-normal science” (Funtowicz and
Ravetz, 1993) that requires wider public consultation with various
stakeholders and lay citizens (Carr et al., 2013; Sugiyama et al.,
2017).

This study examines how the meanings of geoengineering exp
erimentation—specifically, SAI field trials—are rearticulated and
reimagined as public discourses in the lay public’s deliberation.
We conducted focus groups with Japanese citizens on the very idea
of geoengineering and on the proposal of SAI field trials. Our results
show how the lay public wrestled to understand the experimental-
ity of SAI field trials in multiple ways, and faced a dilemma
between hopes and fears for technological experiment of our cli-
mate and society.

As we will discuss later, lay public discourse on geoengineering
experimentation abounded in ambiguity and ambivalence. Although
both ambiguity and ambivalence have something to do with
uncertainty and unclearness, ambiguity is rather about incomplete
knowledge or epistemic pluralities (e.g. framings, perspectives,
assumptions) (Stirling, 2007), while on the other hand, ambiva-
lence is more related to conflicts of values, worldviews or norma-
tive judgments. In this paper, we refer to ‘ambiguity’ as that
deals with vagueness or indeterminacy resulted from plural and
contended meanings, and to ‘ambivalence’ as that indicates attitu-
dinal inconsistency in which people are ‘‘actively struggling to for-
mulate opinions incorporating contradictory normative positions”
(Cairns and Stirling, 2014, p. 31).
2. Background

2.1. Call for ‘more research’ on geoengineering

The debate on geoengineering is surrounded by controversy.
This controversy concerns not only the risks and benefits brought
into by geoengineering but also people’s worldviews, i.e., ‘‘the
kinds of world [geoengineering] deployment would bring into
being” (Macnaghten and Szerszynski, 2013). There is a fundamen-
tal disagreement in ‘‘epistemic cultures” (Rayner, 2015), related to
whether we should deliberately intervene in the climate. Despite
this irreconcilable clash of values, the geoengineering debate by
and large has converged into a call for ‘more research’ on geoengi-
neering (Anshelm and Hansson, 2014b; Huttunen et al., 2015).
Reports from both the UK Royal Society and the US National
Research Council highlighted that geoengineering is no substitute
for mitigation and adaptation; at the same time, both reports
acknowledged the potential usefulness of geoengineering and
hence recommended ‘more research’ to figure out whether geo-
engineering can be a viable option in the future (Royal Society,
2009; NRC, 2015).

Importantly, this advocacy of geoengineering is not for deploy-
ment but for research (Linnér and Wibeck, 2015). Given the signif-
icant potential risks pertaining to geoengineering, scientists
usually consider it as a non-ideal or undesirable option (Robock,
2008). However, they do not rule out the possibility of geoengi-
neering because of their anxiety about catastrophic climate
change. Thus, scientists often take an ambiguous and ambivalent
attitude toward geoengineering, citing both its benefits and its
risks and remaining undetermined with regard to its deployment
(Scholte et al., 2013; Huttunen et al., 2015; Hansson, 2014;
Linnér and Wibeck, 2015). This ambivalence can easily turn into
the well-worn scientist cliché that ‘we need more research’
because there is huge uncertainty over geoengineering.

The discourse of ‘more research’ is underpinned by our igno-
rance (Rayner, 2015). Whether supporting or opposing further
research into geoengineering, we can all agree that our knowledge
of how geoengineering technologies would work is inadequate. A
lack of knowledge doesn’t immediately justify the research into
geoengineering; we still can choose not to research it (Hulme,
2014). However, under the circumstance with profound uncer-
tainty, the call for ‘more research’ sounds straightforward and dis-
creet, at least for scientists, because ‘more research’ could also lead
to our abandoning geoengineering options if it became clear that
the risks of geoengineering far outweighed its benefits. This per-
spective presupposes that research and deployment of geoengi-
neering are separable, and therefore should be separated (e.g.,
Cicerone, 2006). Because of our ignorance, scientists usually con-
sider that ‘more research’—but not deployment—can be justifiable
for advancing our understanding of geoengineering. In short, it is
argued that ‘‘ignorance is not an option” (McNutt, 2015).

As such, the call for ‘more research’ is built on a widespread
assumption (or faith) among scientists that ‘more research’ can
reduce uncertainty (or produce ‘more knowledge’), so that we
can make better decisions in the future (e.g., Keith, 2013;
Robock, 2012). This assumption is problematic because it would
reproduce a linear model of the science–policy interface (e.g.,
Pielke, 2007; Beck, 2010) and reinforce the scientism that supposes
‘more knowledge’ can provide a decisive answer to social prob-
lems, thus defusing political controversy and public opposition
by leaving normative questions untouched (e.g., Wynne, 2001).
Nonetheless, the rhetoric of ‘more research’ is so powerful and
thereby repeatedly used when scientists are tempted to convince
policymakers and other stakeholders and to gain wider public sup-
port. The question is then often framed in terms of how we should
do research but not whether we should do research. Scientists have
taken the necessity of geoengineering research for granted by
imagining the speculative future of catastrophic climate change,
and also by rhetorically distinguishing research from deployment.
So, the pressing issue lying on scientist’s minds is how we can
responsibly govern geoengineering research (cf. Dilling and
Hauser, 2013).

Altogether, from the scientist’s point of view, the need for ‘more
research’ on geoengineering seems indisputable. Lay citizens may
find it irrefutable, or at least hard to argue against scientists calling
for ‘more research,’ especially when the argument is framed in the
context of ‘climate emergency’ (Corner et al., 2011), because it is a
normative call for taking action against climate change and does
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not propose immediate deployment (cf. Gardiner, 2010). But, of
course, this doesn’t mean that citizens should give a carte blanche
to scientists whatsoever geoengineering research may be. In fact,
what does ‘geoengineering research’ really mean when scientists
say ‘more research is needed’? What kinds of research do they
want to do? What technology proposals fall into the geoengineer-
ing category? As a matter of fact, what a growing number of scien-
tists are advocating is the field trial of SAI.

2.2. Field trial of stratospheric aerosol injection (SAI)

SAI is based on the idea of mimicking the cooling effects of large
volcanic eruptions by spraying small reflective particles (e.g., sul-
fates) into the lower stratosphere (Royal Society, 2009; NRC,
2015). The eruption of Mount Pinatubo in the Philippines in 1991
released 20 megatons of sulfur dioxide gas into the stratosphere,
producing a sulfate aerosol cloud that blocked incoming sunlight,
cooling the planet for a couple of years by roughly 0.5 �C (Robock
et al., 2013). SAI has received most attention from scientists
because of its rapid cooling effect and its affordability compared
to the cost of substantial climate mitigation1 (e.g., Barrett, 2008).
When scientists talk about geoengineering, they are most often
referring to SAI (cf. Linnér and Wibeck, 2015).

From computer modeling research, SAI is known to produce
both benefits and risks (Irvine et al., 2016). While it can quickly
reduce global mean temperature, SAI—like other SRM tech-
niques—has nothing to do with reducing CO2 concentration in
the atmosphere and hence cannot stop ocean acidification. SAI
may potentially cause, depending on the scale of deployment,
adverse impacts on the environment, such as ozone layer destruc-
tion and regional precipitation changes. Yet, there remains deep
uncertainty about the feasibility of SAI including the effects on
local climates (e.g. Hulme, 2014). Furthermore, an uneven distribu-
tion of benefits and harms raises ethical and moral concerns about
SAI (Svoboda, 2016). SAI may also pose political challenges to con-
temporary liberal democratic systems, as it could be an autocratic
or totalitarian tool of so-called ‘techno-fix’ (Szerszynski et al.,
2013; Hulme, 2014).

While the cooling effects of SAI have been widely recognized
among scientists, its efficacy and harms have been demonstrated
so far only in simulations (in silico experiments) on climate models
but never tested in the natural environment—apart from one study
conducted in Russia (Izrael et al., 2009). For this reason, some sci-
entists—most notably David Keith (2013)—are proposing to con-
duct field trials (in situ experiments) of SAI in order to increase
the knowledge about its feasibility (Caldeira and Keith, 2010;
Keith et al., 2010; Parson and Keith, 2013; Morgan et al., 2013;
Victor et al., 2013; Long et al., 2015). However, this advocacy for
SAI field trials has not received unanimous support, and instead
has become a subject of controversy among scientists.

Proponents of SAI field trials suggest starting from small-scale
experiments that would carry little or no direct physical risk, and
gradually expanding to larger-scale ones that may pose measur-
able local or global risks of which the magnitude depends on the
size of the experiment2 (Blackstock et al., 2009; Dykema et al.,
2014; Keith et al., 2014). Parson and Keith (2013) proposed setting
two separate ‘experimental thresholds’: above an upper level, exper-
1 The latest review on the cost assessment of SAI revealed that previous studies
underestimated the direct cost (not including the cost of negative side effects) of SAI
deployment, which may not be as cheap as it has been commonly claimed like ‘‘a few
billion dollars” (Moriyama et al., 2016).

2 Keith et al. (2014) classified field experiments by purpose and physical scale into
four categories: ‘technology development,’ ‘process studies,’ ‘scaling tests,’ and
‘climate response testing.’ In this typology, ‘process studies’ are seen as small-scale
trials with little or no risk; ‘climate response testing’ is a large-scale trial indistin-
guishable from deployment; and ‘scaling tests’ are in between.
iments should be a subject of temporal moratorium, whilst below a
lower level, experiments can proceed as ordinary scientific research.
Most proponents acknowledge that SAI field trials entail a number of
social and political challenges, and that governance—either volun-
tary or mandatory—is necessary (Blackstock and Long, 2010;
Parson and Keith, 2013; Parker, 2014; Long et al., 2015), but they
basically think ‘‘the risks of not doing research outweigh the risks
of doing it” (Keith et al., 2010, p. 426). Importantly, they presume
that the boundary between small and large or experimental thresh-
olds can be technically defined—i.e., whether experiments involve
physical risks—and hence consider that ‘small-scale, low-risk’ field
trials should be allowed to start now.

However, there is much opposition to starting SAI field trials.
Fadeel et al. (2013) claimed that even small-scale trials would
impose serious physical risks if hazardous particles were used.
Robock et al. (2010) argued against outdoor experiments, saying
that the effects of SAI cannot be tested in small-scale trials due
to the noise of climate variation, and such effects are testable only
in full-scale deployment. Although the purpose of small-scale trials
is not to examine the climatic effects of SAI but to understand the
processes of atmospheric chemistry (Keith et al., 2014), this unease
about SAI field trials touches upon the difficulty of defining the
boundaries or thresholds once experiments would go outside a lab-
oratory. Robock (2012), on the other hand, drew a clear line
between indoor and outdoor research, arguing for indoor research
(e.g., computer modeling, laboratory experiments, etc.) but against
outdoor research (i.e., field trials) until adequate regulatory gover-
nance is in place. Likewise, Schäfer et al. (2013) called for a mora-
torium on field trials until international cooperation is established.

Interestingly, these critics do not oppose SAI research in general
but the SAI field trial in particular. In fact, Alan Robock (2012), who
argues that ‘‘[t]he benefits of knowledge outweigh the risk of not
knowing” (ibid., p. 228), embraces—just as David Keith (2013)
does—the assumption that ‘more research’ will lead to ‘more
knowledge’ and ‘wiser decisions.’3 Keith and Robock share ambiva-
lence toward SAI too, seeing it as unwanted but maybe necessary in
the future—Keith is, however, more optimistic about SAI than
Robock. What sets them apart are their views on what kind of
science the small-scale SAI field trial is. Keith considers it to be an
extension of ‘normal science’ that requires strong transparency but
no need for strict regulation, because it would not involve significant
physical risks, whereas Robock considers that it goes beyond ‘normal
science’ and thus should be prohibited in the absence of strict regu-
lation, because it can potentially be dangerous. As Stilgoe et al.
(2013b) described, Keith and Robock are different about where the
experimental thresholds—either particular levels of radiative forcing
or the doors of a laboratory—should lie, but both are same about
their attempts to cordon off the ‘safe zone’ of SAI research that can
be detached from politics.

The very fact of disagreement between Keith and Robock sug-
gests that the SAI field trial is ‘‘post-normal science” surrounded
by deep uncertainty and high societal stakes (Funtowicz and
Ravetz, 1993), regardless of its scale. For example, although the
SPICE field trial was intended to spray only a small amount of
water to test the delivery system of SAI, it attracted fierce public
criticism and ‘‘became an in foro public experiment even in
absence of an actual in situ trial taking place” (Stilgoe, 2016, p.
863). Conducting SAI field trials means a symbolic move from
the conventional and uncontroversial territory of experiments
inside laboratory into the likely contentious and controversial
realm of outdoor ‘real-world’ experiments—the experiments taking
place in and with society (Gross, 2016), in which the boundary
3 In stark contrast to Keith and Robock, Mike Hulme (2014) has a radically different
osition, considering that ‘more research’ does not necessarily reduce uncertainty,
stead there always remains irreducible ignorance (for details, see Rayner, 2015).
p
in



Table 1
Focus group composition.

Group no. Group characteristics
Age Gender Education

1 Young adults Mixed gender High school degree
2 (aged 25–35) (3 men, 3 women) College degree
3 Middle ages Female Mixed degree
4 (aged 36–50) Male (3 with high school,

3 with college)
5 Senior adults Female Mixed degree
6 (aged 51–65) Male (3 with high school,

3 with college)
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between research and deployment would be more blurred and
unclear.4 Any outdoor experiments of SAI, despite their scales,
would involve some aspect of deployment while on the other hand,
deployment would be itself experimental because of huge uncer-
tainty involved (Stilgoe et al., 2013b). Therefore, the debate over
SAI field trials cannot be confined only to the technical issues of effi-
cacy or safety, nor can it be confined only to scientists and experts.
The adequacy and validity of SAI field trials must be addressed from
the standpoint of wider societal concerns (e.g., the concern that SAI
field trials might be a step onto a ‘slippery slope’ toward deploy-
ment), and should be undertaken in upstream consultation with
wider public audiences (Corner et al., 2012; Carr et al., 2013;
Sugiyama et al., 2017).

The SAI field trial is to date still a proposal, only contemplated
by some scientists, but there is a real possibility that this experi-
ment will take place soon (cf. Cho, 2016). Thus, there is an urgent
need to uncover broader public concerns over the SAI field trial
before it starts.
3. Methods

The aim of this paper is to examine the public discourse on geo-
engineering experimentation, specifically SAI field trials. Unlike
previous studies gauging the public acceptance of SAI research/ex-
periment (Mercer et al., 2011; Merk et al., 2015; Sütterlin and
Siegrist, 2016), our analytical focus is on digging deeply into how
people understand in multiple ways—and reconstruct in their
own terms—the meanings of SAI field trials, and thereby to decon-
struct or ‘‘unframe” expert discourses (Bellamy and Lezaun, 2015).

To explore the way the lay public understands the idea of geo-
engineering and the proposal of SAI field trials, we employed the
focus group method in a similar way with Macnaghten and
Szerszynski (2013) and Wibeck et al. (2015). The focus group is a
useful method to analyze how people generate their own opinions,
questions, and frames about a particular topic in their own words
(Barbour and Kitzinger, 1999). It can allow for people to elicit their
own understanding through group interaction, even without prior
knowledge of the issue discussed (Wibeck et al., 2015; Malone
et al., 2010). The focus group is also suitable for exploring ambigu-
ity and ambivalence in people’s interpretations, particularly for
unfamiliar, controversial, or complex issues for which people often
express their own views in a more nuanced way rather than with a
simple yes or no (Bloor et al., 2001).

Six focus groups were carried out in Tokyo, Japan in June 2015,
each with six participants and lasting roughly two hours. Thirty-six
participants living in the Greater Tokyo area were recruited by a
professional consulting firm. The participants were recruited to
take part in a discussion on ‘everyday life issues,’ in order to make
the recruitment topic-blind: the terms ‘geoengineering’ and ‘cli-
mate change’ were not mentioned in the recruitment process. Par-
ticipants were given a monetary honorarium for their
participation. The sampling of participants was designed to cover
a diverse range of perspectives but also to be internally homoge-
neous within each group, to foster a favorable atmosphere for
group discussion. Taking a similar approach with Wibeck et al.
(2015), participants were divided into six groups by three demo-
graphic criteria: age, gender, and education (see Table 1).

The focus group discussions were moderated by an experienced
focus group practitioner of the professional consulting firm. The
authors observed each entire group discussions from a hidden
4 As experiments inside laboratory (e.g. computer simulations) also, in a way, take
place in the real world, such experiments are by no means immune to public scrutiny
(Stilgoe et al., 2013b; Stilgoe, 2015). However, in our views, SAI field trials are by
definition social experiments, thus ought to be differentiated somehow from indoor
experiments.
monitoring room. The topic guide of focus groups was semi-
structured, with open-ended questions (cf. Wibeck et al., 2015),
broadly consisting of two separate parts: (1) exploring people’s
reactions to the idea of geoengineering (defined as ‘artificial
manipulation of the climate by large-scale technology’); and (2)
exploring people’s reactions to the proposal of SAI field trials.
The first part of focus groups was based on Wibeck et al. (2015),
with minor modifications. The moderator’s involvement in the
group discussions was limited in the first part so as to allow partic-
ipants to speak spontaneously about their sentiments on geoengi-
neering, and information about geoengineering was given verbally,
aided by a few written texts but no visual images. In the second
part, the moderator was more actively involved in the participants’
discussions of SAI field trials; both visual images and written texts
were used to help the participants understand the topic. The dis-
cussions were audio-recorded and transcribed verbatim; all names
in the transcripts were anonymized by replacing the original
names with pseudonyms. The focus groups were conducted in
Japanese; all quotations in the paper have been translated by the
authors into English and adapted to the conventions of written
language.

The focus group discussions began with general questions about
global environmental issues and climate change, and then moved
to a discussion of policy responses to climate change, after a brief
explanation of mitigation and adaptation. This was followed by a
broad discussion on geoengineering. The concept of geoengineer-
ing was generally introduced, with strong emphasis on two charac-
teristics: as a ‘large-scale technology with global effects,’ and as an
‘artificial manipulation of the earth’s climate.’ In this phase, we
tried to avoid imposing pre-existing framings (e.g., ‘climate emer-
gency’) on participants, and the discussions focused on the very
idea of geoengineering and its social, political, and ethical implica-
tions. Some examples of geoengineering technologies were men-
tioned—but very briefly and only verbally—for both SRM (space
mirror, SAI, desert reflective sheeting, crop brightening) and CDR
(direct air capture, ocean iron fertilization).

Subsequently, at the end of the first part, the ‘climate emer-
gency’ argument was introduced. We were aware that the emer-
gency framing is problematic, creating a biased condition that
may force people to accept the argument for ‘more research’
(Corner et al., 2011). Nonetheless, this framing is still a dominant
way of communicating about geoengineering (Nerlich and Jaspal,
2012; Bellamy et al., 2012) and constitutes a strong rationale for
advocating SAI field trials (e.g., Caldeira and Keith, 2010). Thus,
we experimentally employed the emergency framing to explore if
it may or may not change the participants’ views on geoengineer-
ing. We then ended the first part by asking for the participants’
evaluation of geoengineering in comparison with mitigation and
adaptation. Importantly, it should be borne in mind that subse-
quent discussions in the second part were also framed in terms
of ‘climate emergency.’

After a short break, we started the second part of focus groups
with a somewhat more detailed explanation of SAI, including both
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its benefits (e.g., quick effect, low cost) and risks (e.g., declining
crop production through precipitation changes, unpredictable neg-
ative side effects). In this explanation, the 1991 eruption of Mount
Pinatubo was mentioned as an analog of SAI. This analogy may bias
participants toward favoring SAI by giving them the impression
that SAI is a ‘natural’ process (Corner et al., 2013; Corner and
Pidgeon, 2015). However, we deliberately avoided the use of the
idiom of naturalness (e.g., mimicking nature), and instead repeat-
edly emphasized that SAI is an artificial modification of nature.

We then moved to a discussion of SAI field trials by introducing
three types of SAI research: (1) indoor research (e.g., computer
modeling, laboratory experiment); (2) small-scale field trials (i.e.,
experiments involving little or no environmental impact); and (3)
large-scale outdoor experiments (i.e., experiments involving actual
environmental impacts, akin to deployment). It was explained that
small-scale field trials have been a subject of controversy among
scientists. The moderator stimulated participants to probe into
the social, political, and ethical implications of conducting SAI field
trials. Finally, the discussions were closed by asking the partici-
pants about their expectations of the scientists who propose SAI
field trials, and of scientists in general.

The transcript data was analyzed interpretatively to identify
key themes, framings, and discourses in focus group discussions.
We divided all the transcript data into different segments and ana-
lyzed them separately. First, the data was divided into the first and
second parts of the discussions, because different subjects were
central to the group discussions. The first part was then divided
into before and after the introduction of emergency framing. Thus,
the data consisted of three segments with different main subjects:
(1) initial reactions to the geoengineering concept (Section 4.1.1);
(2) evaluations of geoengineering as climate change response (Sec-
tion 4.1.2); and (3) social meanings of SAI field trials (Section 4.2).
Through an iterative process of close reading and thematic coding,
a wide range of core themes was identified. Thematic coding was
done as follows: (1) categorizing and labeling the participants’
utterances as sub-themes according to what these utterances sig-
nify; (2) assembling sub-themes that recurred throughout the
focus groups; and (3) identifying core themes consisting of several
sub-themes that capture abstract meanings relevant to the main
subjects in each segment.
4. Results: Public discourse on geoengineering experimentation

4.1. Understanding the idea of geoengineering the climate

The participants had no prior knowledge of geoengineering
before the focus groups. Almost all the participants answered that
they had never heard of it before. Their first encounter with the
idea of geoengineering evoked profound affective reactions, both
positive and negative. People showed sharply contrasting views
on geoengineering: some almost categorically rejected the idea of
human manipulation of nature while others expressed enthusiasm
for a grand-scale technological experiment. After the introduction
of the emergency framing, however, their divergent stances swiftly
changed to more ambivalent attitudes about the role geoengineer-
ing can play in responding to climate change. To put it shortly, peo-
ple’s opinions were at first divergent and contentious over the idea
of geoengineering, and then, as a reaction to the emergency fram-
ing, became rather convergent but still ambivalent to geoengineer-
ing research.
4.1.1. Emotive anchoring of geoengineering concept
The very idea of geoengineering (‘artificial manipulation of the

climate by large-scale technology’) evoked hopes and fears, opti-
mism and pessimism, enthusiasm and skepticism. Our analysis
revealed four emotively anchored framings that were affectively
associated with geoengineering among participants: (1) ‘frighten-
ing idea,’ (2) ‘ingenious attempt,’ (3) ‘implausible plan,’ and (4) ‘un-
necessary solution.’ The first three framings were prevalent in all
groups but the fourth one was found in only half the groups.

First, ‘frightening idea’ is associated with feelings of fear, anxi-
ety, and unrest. The words ‘‘scary,” ‘‘terrifying,” and ‘‘anxious” were
frequently used when referring to unpredictable side effects and
the idea of artificial manipulation. The unimaginability of unknown
consequences was a common underlying theme. Some participants
(G1, 2, 4, 5), however, could surmise the kinds of negative conse-
quences that might be brought about by geoengineering (e.g., its
impact on agriculture, the ecosystem, local weather, etc.) and were
uneasy with them. One elderly male (G6) even worried about the
risk of weaponization (cf. Robock, 2008), imagining a scenario in
which this technology might be used by superpowers to threaten
other nations. The fear of geoengineering was also related to con-
cern over technical irreversibility; some proposals (e.g., space mir-
ror, SAI, ocean iron fertilization) were rejected due to their
perceived irreversibility once deployed.

Second, ‘ingenious attempt’ was underpinned by techno-
optimism with sentiments of hope, exhilaration, and enthusiasm.
The words ‘‘fun,” ‘‘amazing,” and ‘‘interesting” were uttered by
some—particularly male—participants (G1, 2, 4). Participants
seemed to have a strong belief in human ingenuity and technolog-
ical progress; technology was positively articulated as bringing
better human life. Developing grand-scale technology was
acclaimed as a sign of innovativeness (G6). In contrast to ‘frighten-
ing idea,’ the idea of artificial manipulation was not necessarily
seen as bad or hubristic; instead, it was considered a human
responsibility to restore harmony with nature (cf. Wong, 2015).
However, there were mixed feelings about techno-fixing the cli-
mate through geoengineering: participants saw it as necessary
because of man-made environmental disruption, but, at the same
time, considered it as undesirable due to unknown consequences.

Third, there was a prevailing reaction among many participants
to see geoengineering as an ‘implausible plan’ or ‘pie in the sky.’
Participants embraced deep skepticism of the plausibility that geo-
engineering could be a real policy option. Geoengineering was seen
as technically unfeasible or unrealistic, akin to science fiction; in
particular, the idea of space mirror was mocked in several groups
(G1, 2, 3, 5). Geoengineering was also considered to be politically
impracticable or ungovernable, given current political circum-
stances, with numerous conflicts among nations; the participants
were doubtful of the possibility that nations around the world
could cooperate to regulate it together. Furthermore, the partici-
pants surmised that it would involve enormous time and cost to
develop geoengineering technology, and therefore it could not be
realized in the near future (G2, 3, 4, 6).

Finally, geoengineering was articulated as an ‘unnecessary solu-
tion’ in some groups (G3, 5, 6). This framing has a twofold meaning.
On one hand, a few participants (G3, 6) conjectured that humans
would eventually adapt to the warmer planet, and thus it would
be unnecessary to use geoengineering. On the other hand, some
people (G5, 6) fiercely criticized geoengineering as a misguided
idea because it addresses only the symptoms rather than the
causes of the problem of climate change, i.e., increased greenhouse
gas emissions (cf. Wibeck et al., 2015). Therefore, the use of geo-
engineering was seen as unsuitable or a ‘smoke screen’ to maintain
business as usual; they considered changing wasteful modern life-
styles to be the fundamental solution to climate change.

4.1.2. Situating geoengineering in climate change responses
Emergency framing had a significant impact on the participants’

discussion, changing the atmosphere of conversations and infusing
a sense of urgency about the climate crisis; for example, in Group 5
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there was a moment of silence in which no one could express
themselves probably owing to the shocked feelings about ‘climate
emergency.’ Of course, there were a few skeptical reactions to the
emergency framing, either saying that the emergency is not a fact
but is an opinion of scientists (G1) or claiming that the earth is so
resilient that the emergency wouldn’t take place (G4).

When asked about how we should address climate change and
evaluate the role of geoengineering, two broad discourses
emerged: (1) ‘mitigation first!’ and (2) ‘all options on the table.’
The ‘mitigation first!’ discourse is unambiguous in emphasizing
first and foremost the importance of mitigation; participants in
all groups largely saw mitigation as an orthodox approach to the
climate problem. However, their judgments of geoengineering
were ambivalent. Geoengineering was commonly considered as
an unviable or unthinkable option for addressing climate change,
but there were different degrees of opinion, from a few (G3, 6)
unconditionally rejecting the whole concept of geoengineering to
some (G2, 3, 4, 5, 6) reluctantly accepting research into geoengi-
neering but refusing to say yes to its use as a potential last-ditch
measure.

In the ‘all options on the table’ discourse, participants in all
groups more or less agreed that all approaches (mitigation, adapta-
tion, geoengineering) are needed to avoid dangerous climate
change. That is to say, people’s views were unambiguous in avoid-
ing the climate crisis by any means possible; however, their views
on mitigation were ambiguous and divided between those priori-
tizing mitigation over other approaches and those embracing skep-
ticism on mitigation, seen as politically ineffective or failed.
Meanwhile, the views on geoengineering as a climate change
response were varied too. Most people in all groups saw geoengi-
neering as a backup or last resort to ward off ‘climate emergency,’
but didn’t presume an automatic shift from research to deploy-
ment, whereas a few people (G5) strongly advocated its deploy-
ment due to their deep skepticism about successful mitigation.
Importantly, within this discourse, people arrived at a near consen-
sus to more willingly accept research into geoengineering, which
means there was no ambivalence in their advocacy for ‘more
research’.

Taken together, the emergency framing substantially created
the conditions for most, if not all, participants in all groups to
accept—either willingly or reluctantly—the need for ‘more
research’ on geoengineering (cf. Corner et al., 2011). But at the
same time, the emergency framing diversified—and hence
increased ambiguity of—the participants’ views on how we should
respond to climate change, either ‘going with’ mitigation (and
adaptation) or ‘going after’ every possible means including
geoengineering.
4.2. Understanding the proposal for SAI field trials

In the first part of the discussions, the participants’ views on
geoengineering experimentation converged into accepting the
‘more research’ argument; however, the proposal for SAI field trials
had a disruptive effect on such a consensual view. When the subject
shifted from the abstract geoengineering concept to the concrete
SAI field trial, the virtual consensus among participants on the
need for ‘geoengineering research’ was broken into more conflicted
and contended views. Participants raised many social, political and
ethical concerns over the SAI field trial and wrestled to understand
its meanings in different dimensions. These dimensions can be
broadly classified into four core themes, on which each sub-
theme commonly centered, but various perspectives were brought
together: (1) accountability, (2) controllability, (3) predictability, and
(4) desirability. In each dimension, there were tensions and incon-
sistencies in the ways that participants made sense of—and
thereby gave meaning to—SAI field trials.

4.2.1. Accountability
Participants wrestled with understanding whether and how SAI

field trials can be done in a democratically accountable way from
two aspects: (1) openness (or secrecy), and (2) engagement (or def-
erence). First, it was very clear that many participants in all groups
strongly demanded transparency of SAI field trials. Full public dis-
closure of research plans and results (including negative ones)
seemed like a precondition to consent for conducting outdoor
experiments (cf. Rayner et al., 2013):

‘‘I want [the information on the experiment] to be made public
before it starts . . . there might be downsides to an experiment
. . . This information should be published without fail.”

[(Makoto, male, G6)]

The request for openness concerns not only what scientists do
but also who they are and how they communicate with the lay
public. A lack of lucidity was indeed considered as a major problem
of communication with scientists:

‘‘I want [scientists] to clearly explain the significance and
impact [of the experiment] . . . I want to be better informed
about these things rather than just accepting things as they
are and remaining ignorant about what they are doing.”

[(Ai, female, G2)]

But participants also expressed concern over opacity. They were
not sure to what extent scientists could ensure transparency,
implying mistrust in scientists (and the government). In spite of
a strong demand for transparency, some participants even sus-
pected that SAI field trials might possibly be done behind closed
doors:

‘‘Will [experiments] be done secretly? . . . I just imagine they
might be done secretly . . .Will scientists really tell us what they
are going to do?”

[(Naomi, female, G3)]

Thus, participants were faced with a contradiction between
their expectations for openness and their suspicions of secrecy.
As one way to resolve this paradox, some participants suggested
setting up an independent body tasked with monitoring research
activities.

Second, the accountability discourse was contended in terms of
the lay public’s involvement in decision-making regarding SAI field
trials. In all groups but Group 1, participants expressed great zeal
for being engaged in decision-making in one way or another
(e.g., a referendum) regardless of their opinions (pro or con) about
the field experiment. But there was also mistrust of the established
political authorities, i.e., that public engagement would result only
in tokenism:

‘‘I would feel better about raising my voice if citizens’ opinions
were truly reflected . . . but I don’t think our voices matter . . .

perhaps the establishment will decide arbitrarily . . . they won’t
listen to us.”

[(Yutaka, male, G6)]

Meanwhile, others more explicitly preferred expert judgment to
public consultation:

‘‘It’s better to entrust experts with technical issues . . . it’s often
hard to reach an agreement with many people . . . With clear
procedures, we can only defer to their decisions regardless of
whether they are right or wrong.”

[(Daisuke, male, G4)]
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The reasons for deference to expert judgment were because of
no interest (G1, 2) and/or no knowledge (G2, 4, 5) relevant to the
topic per se. In short, there was skepticism about the capability
and suitability of the lay public for making decisions on highly
technical issues (cf. Wong, 2013).

While the need for public engagement was by and large
endorsed, hesitation in public consultation (or preference for
expert judgment) was also articulated, which turned into inconclu-
sive debates over who—either lay citizens or experts—should make
the final decision whether to do open-air experiments or not.

4.2.2. Controllability
The controllability of SAI field trials was disputed from three

aspects: (1) technical reversibility, (2) institutional controllability,
and (3) spatial boundedness. First, many participants in several
groups (G2, 4, 5, 6) were very afraid of the technical irreversibility
of outdoor experiments, which in turn raised concern over
unknown consequences:

‘‘Once released, [particles] cannot be retrieved at all . . . what
kind of effects may be caused? . . . I cannot say simply, ‘Let’s
do experiments.’”

[(Kazuko, female, G5)]

The technical characteristics of SAI heightened participants’
apprehensions about irreparableness in case that unanticipated
situations may happen. This perceived irreversibility often led to
disapproval of SAI field trials. Meanwhile, there were a few reac-
tions that saw field experiments as temporary (not permanent),
and thus acceptable:

‘‘Experiments should be banned if they have a lasting effect but
. . . it’s temporary . . . we don’t have much of a choice . . . Exper-
iments need to move ahead.”

[(Shota, male, G1)]

Second, participants speculated on various political and institu-
tional challenges to govern SAI field trials. One exemplary case was
a tension in understanding the slippery-slope argument. Some par-
ticipants (G1, 2, 4, 6) bluntly said that the slippery-slope scenario is
unlikely, because it is unreasonable to move on to large-scale
experiments unless small-scale tests could confirm safety. Others,
however, approved the slippery-slope argument, irrespective of
the confirmation of safety (G2, 3, 4, 5). Their anxieties were in
some way related to concern over vested interests (cf. Long and
Scott, 2013). Participants worried especially about the influence
of financial interests when private corporations are involved in
research activities:

‘‘When financed [by corporations], it may be the case that infor-
mation beneficial only to sponsors will be published . . . That
scares me the most . . . Even if there are negative consequences,
we may be told there is no problem.”

[(Sachiko, female, G5)]

To prevent vested interests from creating a ‘‘socio-technical
lock-in” (Cairns, 2014), many participants in all groups agreed that
some sort of institutional framework is necessary to independently
oversee and regulate field experiments. They also distinctly pre-
ferred an international mechanism to prevent unilateral experi-
mentation by other nations, but remained uncertain about
whether such an institution could be established.

Last but not least, the controllability discourse was dealt with
from a geographical point of view. In this aspect, participants were
broadly divided into two groups: those who believed field trials
could be spatially delimited, and those who didn’t. For the former,
small-scale tests would be acceptable if done far from where they
lived:
‘‘Why not do [experiments] in an uninhabited island? . . . Not
above my backyard . . . It’s better to start first at some place iso-
lated from humans.”

[(Tomoko, female, G3)]

In this perspective, it was taken for granted that small- and
large-scale experiments can be separated; therefore, gradual
expansion from small to large was seen as a pragmatic approach.
Others claimed that there is no such a thing as a spatially separable
open-air experiment:

‘‘Even though [particles] were released over uninhabited land,
with the earth’s rotation . . . We don’t know what might happen
. . . I think it’s uncontrollable.”

[(Yutaka, male, G6)]

For them, there is no clear boundary between small and large; if
a field experiment is done, its effect will be necessarily global
regardless of its scale. Thus the available options seemed like either
‘all’ (going outdoors) or ‘nothing’ (staying indoors).

4.2.3. Predictability
The predictability of SAI field trials was also intensively debated

and articulated in multiple ways. Many participants in all groups
admitted that computer simulations (in silico experiments) alone
are insufficient; therefore, field trials (in situ experiments) seemed
indispensable:

‘‘It is better to do outdoor experiments. We cannot know every-
thing from the model calculation . . . We’ll never know if unan-
ticipated situations may happen or not unless we do [outdoor]
experiments.”

[(Kenichi, male, G4)]

Participants embraced the idea of ‘learning by experimenting,’
i.e., we could increase our knowledge (or reduce our ignorance)
through field experiments, which would pave the way for both
rejection and acceptance of SAI deployment. One elderly male
(G6) who flatly defied the concept of SAI actually advocated its
field trials so as to discard its deployment. Because of—not
despite—uncertainty, the controlled and small-scale in situ exper-
iment in the sky was justified to complement the in silico experi-
ment in computer modeling.

However, uncertainty also rhetorically functioned to direct par-
ticipants to suspect the validity of field trials. Whether small-scale
tests really involve ‘little or no’ environmental impact attracted
particular attention among many participants. One young female
(G2) did not problematize its denotation of the term ‘little or
no’—she literally accepted what was said. But most of the other
participants interpreted this as ‘not a little or some’ impact.
Together with mistrust of scientists, indeterminacy of the phrase
‘little or no’ became a source of unrest:

‘‘It’s said there is ‘little or no’ impact on the environment, but
we cannot be sure unless we actually do [experiments] . . . Is
it really ‘little or no’? We don’t know. Maybe [scientists] are
saying ‘little or no’ because they are afraid of opposition if they
said ‘there will be a little [impact],’ aren’t they? I may be too
suspicious but it’s conceivable.”

[(Megumi, female, G3)]

For some participants, uncertainty about the side effects of SAI
field trials appeared to be the so-called ‘unknown unknowns,’ and
thereby evoked irreducible fears. Because of this fear of unknown
unknowns, ‘zero risk’ was strongly and paradoxically demanded.5

The demand for ‘zero risk’ or ‘absolute safety’ was indeed paramount
u



S. Asayama et al. / Geoforum 80 (2017) 82–92 89
among many participants in several groups (G1, 2, 3, 5). In particular,
posing no risk to human health was seen as a non-negotiable pre-
condition for consent to field trials:

‘‘We can investigate in labs whether [SAI] would harm human
health . . . If we can confirm its safety, then I think there will
be no problem to do [outdoor experiments].”

[(Chihiro, female, G1)]

Also, apprehensions about negative effects on human health
were implicitly articulated as expectations on scientists, i.e., that
scientists themselves should be somewhat like ‘guinea pigs’:

‘‘I want [scientists] to [research] what they want in their own
backyards . . . By doing so, their research can be useful to every-
one.”

[(Ryo, male, G2)]

It is important to note that the issue of health impact was not
introduced by the moderator, but was spontaneously brought out
by participants.

Thus, SAI field trials were expected to be a means to reduce
uncertainty, but at the same time was articulated as a source of
uncertainty. It appeared to be indeterminable for participants to
give a simple yes-or-no answer to SAI field trials, except for one
middle-aged man who firmly rejected the whole concept of SAI:

‘‘There is no need for research because we already know [SAI]
will cause negative impacts [on the environment] . . . This is a
bad idea, it’s all too clear. We’d better find the alternatives.”

[(Jun, male, G4)]

What is important here is not that he categorically rejected SAI
research as a whole but that he had a decisive answer; there was
no room for ambivalence in his own decision.

4.2.4. Desirability
Is conducting SAI field trials desirable or undesirable? This

question is related not only to the validity and necessity of field tri-
als but also, and much more so, to the underlying basic concepts
behind SAI. Participants contested the issue of desirability from
two aspects: (1) human–nature relations, and (2) climate change
responses. First, the notion of ‘tampering with nature’ was dis-
cussed from very divergent perspectives. Some participants dis-
missed this notion simply as a hubristic attitude of mastery over
nature:

‘‘I’m against [SAI] from the beginning. Humans should not
attempt to control the environment . . . some kinds of technolo-
gies had better be forbidden.”

[(Hiroshi, male, G6)]

For them, leaving nature ‘natural’ is indeed virtuous and wise.
In sharp contrast, a few male participants (G2, 3, 4) rejected this
claim of hubris wholly by referring to it as ‘‘unscientific,” ‘‘reli-
gious,” ‘‘emotional,” or ‘‘baseless.” Some others rebutted the hubris
argument as hypocrisy, neglecting the fact of man-made climate
predicament:

‘‘We have been already altering [the climate] . . . If you say
[don’t tamper with nature], then you have to stop breathing!
. . . Humans have been wearing down the planet, that’s why
we have this problem [i.e., climate change] now. And yet, saying
don’t tamper with what we’ve broken down, it sounds a bit
ridiculous.”

[(Kaori, female, G1)]

Under the ‘climate emergency’ scenarios, the ‘let-nature-take-i
ts-course’ approach was perceived as immoral, undesirable, or at
least impracticable to keep the planet as a safe place for humanity.
‘Tampering with nature’ was then deemed a human responsibility,
rather than hubris, i.e., a morally preferable way to fix the (broken)
climate or restore harmony with nature (cf. Wong, 2015). Others
were, however, stuck with ambivalence between two polarized
views, unable to choose which course of action was better or the
‘lesser of two evils’:

‘‘As you said, [manipulating the climate] for human conve-
nience is not good, but those who want to do experiments are
also working hard to do something good, so neither is wrong.
But then human beings are not the master of nature. [If we
manipulate the climate] for human convenience . . . then it
might get us into a mess . . . I just hope we can find the better
alternatives.”

[(Megumi, female, G3)]

Importantly, concern over ‘tampering with nature’ was coupled
with anxiety about unknown consequences, which in turn led peo-
ple into passively wishing for alternative solutions, if any. Besides,
it is also worth noting that a few people in Group 2 actually per-
ceived SAI as a ‘natural’ process rather than an ‘unnatural’ inter-
vention into the climate, picking up on the analogy of volcanic
eruption, which in turn elicited their favorable views on SAI.

Second, the desirability discourse was articulated from broader
perspectives on climate change responses. For example, pursuing
SAI field trials was considered as somewhat serving intergenera-
tional justice:

‘‘What about those yet to be born? . . . If we think about those
who will be born on the planet which can no longer be sus-
tained, it’s important to start doing something . . . So, I’m rather
for continuing experiments.”

[(Naoki, male, G1)]

SAI was not unconditionally upheld, but even so it was expected
as one of the potential options (e.g., ‘‘second-best way”) to cope
with climate change in the long run. Thus, starting field trials
now seemed like a prudent decision (cf. Gardiner, 2010). On the
other hand, some participants (G4, 5, 6) were anxious about the
odds that SAI may worsen the current climate predicament. A
few others (G1, 6) condemned SAI as a shortsighted, reckless idea,
primarily because it has nothing to do with reducing CO2 emis-
sions. For this reason, developing CDR technologies instead was
seen as more desirable:

‘‘We’d better find the alternatives . . . it’s better to put forward
research on sucking CO2 . . . We need to suck [CO2 from the
air] since it has been already released . . . We’d better research
this.”

[(Sachiko, female, G5)]

Above all, whether conducting SAI field trials is desirable or not
seemed like an unsolvable puzzle. It was nearly impossible to
obtain a decisive answer, especially when the question was framed
in the context of ‘climate emergency.’

5. Discussion and conclusions

This study examined how the meanings of geoengineering
experimentation, particularly SAI field trials, were articulated and
reconfigured in the deliberation of Japanese lay citizens. Our find-
ings illuminated some clear dispositions of public views on geo-
engineering experimentation. First, the ‘climate emergency’
framing arguably compelled most participants to accept—either
willingly or reluctantly—the argument for ‘more research.’ Previ-
ous literature has criticized the emergency framing as problematic,
not only because ‘climate emergency’ is scientifically indeter-
minable but also because such framing itself is indeed politically
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dangerous, preemptively closing down democratic debate (Hulme,
2014; Markusson et al., 2014; Asayama, 2015; Horton, 2015;
Sillmann et al., 2015). Likewise, our results showed that the emer-
gency framing is an unhelpful and precarious way to communicate
with the lay public, because it will lead them into a unipolar view
in which geoengineering is justified as a last resort to avoid ‘cli-
mate emergency,’ and hence ‘more research’ on geoengineering
emerges as the only way forward.

Second, when confronted with scientists calling for starting SAI
field trials, participants spelled out some unambiguous precondi-
tions for their consent: for example, the disclosure of all relevant
information, including negative results, in plain language; setting
up an independent (possibly international) assessment body to
expel vested private interests; public engagement in decision-
making process (but inconclusive on who should make a final deci-
sion); and the safety-first protocol of experimentation. In short,
participants more or less endorsed the ‘Oxford Principles’ for gov-
erning geoengineering research (Rayner et al., 2013).

However, what is more remarkable in our findings is that public
discourse on geoengineering experimentation was ambiguous and
ambivalent, involving many inconsistencies and indeterminacies
in understanding what geoengineering experimentation is and
can do for our climate and society. When participants first encoun-
tered the idea of geoengineering, divergent affective reactions
were evoked, from hopes and fears, to optimism and pessimism
to enthusiasm and skepticism. These sentiments were polarized
and divisive, pitting people against one another. The emergency
framing, however, created a rather ambiguous climate of opinions
among participants about how to respond to climate change, either
prioritizing mitigation (and adaptation) or keeping all options
open, including geoengineering. It also brought about participants’
unambiguous but ambivalent consensus on the need for geoengi-
neering research. Most (except a few) participants drew an unam-
biguous conclusion that ‘more research’ is needed to arm against
the potential ‘climate emergency’ but still embraced ambivalence
toward stepping into engineering the climate—some only reluc-
tantly supported ‘more research’ and thus never considered geo-
engineering as a viable option, others more willingly admitted
the need for ‘more research’ but remained cautious and undecided
about its actual usage, as supposing a separation of research from
deployment.

When the issue of SAI field trials was brought to the fore in the
discussions, the virtual consensus of participants on the ‘more
research’ argument was disrupted into far more ambiguous and
ambivalent views. As mentioned above, the adequacy and validity
of conducting SAI field trials was contested in different dimensions,
namely, accountability, controllability, predictability, and desir-
ability. In each dimension, there were both tensions and dilemmas
in understanding what field experiment is for and about. For exam-
ple, while people required a high degree of transparency of
research activities, they were at the same time paradoxically cap-
tured by suspicion of secretive experimentation (accountability).
People’s perceptions of the artificial manipulation of the earth’s cli-
mate were divided between hubristic attempt and responsible
course of action (desirability). Furthermore, these dimensions are
not mutually exclusive, but rather are inextricably intertwined
with one another. The demand for ‘zero risk,’ for example,
stemmed primarily from the fear of uncertain risks pertaining to
field trials (predictability) but also was related to mistrust of scien-
tists (accountability) and to concern over irreparable damage (con-
trollability). This multidimensionality of discourses around SAI
field trials indicates the immense difficulty of unfolding the com-
plex web of diverse perspectives and of coming to terms with com-
peting meanings.

Thus, the public discourse on geoengineering experimentation
can be characterized by both multivalence and ambivalence.
Cairns and Stirling (2014, p. 33) referred to multivalence as the
‘‘coexistence of multiple divergent normative positions within
the debate,” and to ambivalence as a simple binary of pros versus
cons. However, our findings illustrate that multivalence and
ambivalence can be seen as, respectively, contention and indetermi-
nacy among multiple divergent normative positions. There were
arguably visible clashes of different worldviews or imaginaries of
geoengineering experimentation (multivalence); meanwhile peo-
ple became profoundly undecided or undeterminable about having
one’s own decisive normative position on geoengineering experi-
mentation when faced with diverse conceptions of it
(ambivalence).

What, then, can our findings imply for wider public deliberation
on geoengineering experimentation? First, we need more clarity
when we talk about the need for ‘more research’ on geoengineer-
ing. Some scholars have suggested abandoning the term ‘geoengi-
neering’ because of its fuzziness and creating a new categorization
of climate change responses (Heyward, 2013; Boucher et al., 2014;
Pereira, 2016). Similarly, the term ‘geoengineering research’ is so
vague and unclear that it does not help the lay public to under-
stand what it really means. Scientists should be cautious not to
use such a blanket term because it indiscriminately conflates
heterogeneous research—from computer modeling to field experi-
ments—into a single, vaguely labeled category. This leaves the lay
public ignorant about the issue at stake. Under such conditions,
even if there is extensive public support for ‘more research’ on geo-
engineering, this is nothing but pseudo-acceptance (cf. Malone
et al., 2010). Our findings demonstrated that the specificity of the
SAI field trial as a discursive object actually served to open up—
rather than close down—a space for diverse perspectives to be
brought into the geoengineering debate (cf. Stirling, 2008). The
precision of the term ‘geoengineering research’ is needed to facili-
tate inclusive and pluralistic debates on geoengineering experi-
mentation and not to preemptively arrive at a consensus that ‘we
need more research.’

Yet, we should bear in mind that such attempts to disaggregate
the term and to deliberate on the specific proposals of geoengi-
neering experiment might also serve to prematurely close down
the decision context and create a lock-in to particular options at
the expense of alternative, otherwise possible, future pathways
(Bellamy et al., 2013). In fact, a deliberate effort of public engage-
ment with geoengineering could play a performative role: normal-
izing and reifying this speculative technological imaginary as a real
policy option (Bellamy and Lezaun, 2015). So, the crucial question
that we should ask ourselves is: When is the right time to move
into public dialogue on the SAI field trial? If it is not now, when
should we start talking about the SAI field trial before it actually
starts?

Second, the SAI field trial is fundamentally different from com-
puter modeling, indicating a symbolic shift to ‘real-world’ experi-
mentation (Gross, 2016), where the boundary between research
and deployment would be unclear. Although our results showed
conflict among the participants in understanding whether research
and deployment (or small and large) are separable or not, it was
clear that the participants raised many social, political, and ethical
concerns over SAI field trials. This signifies that the SAI field trial
should be seen as a social experiment, where the realms of science
and society are indistinguishable as part of an experimental sys-
tem, and where its social and political consequences are inherently
unknowable and uncontrollable (Stilgoe, 2016).

Meanwhile, indoor research on geoengineering such as com-
puter modeling has been undertaken at present. Under current cir-
cumstances, this strand of research activities is considered as
‘mundane’ science and unlikely to be ceased or slowed down.
And now, in the wake of the Paris Agreement, the call for starting
SAI field trials by scientists seems to become stronger than ever
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before (e.g. Nature Geoscience, 2016). We can, therefore, anticipate
the scenario that an open-air experiment of SAI would, despite
controversy, take place at some point in the near future, and once
it gets under way, there would be an attempt to normalize and
reclassify it from ‘controversial’ to ‘mundane’ science. However,
such an attempt at detaching science from politics is problematic
not only because it will cultivate an illusion of ‘pure-science’
experiment but also because it could breed public distrust in
science at large. Whether the SAI field trial will actually take place
or not, if seen as a social experiment, the purpose of experiment
matters for the legitimacy of science, and thus should be thor-
oughly discussed in the public (cf. Stilgoe et al., 2013b).

Finally, the ambivalence and ambiguity of public discourse
around geoengineering experimentation is profound and deeply
embedded in our worldviews (Macnaghten and Szerszynski,
2013; Rayner, 2015). The motivation behind the advocacy for SAI
field trials was scientists’ underlying assumption that ‘more
research’ can lead, through ‘more knowledge,’ to ‘wiser decisions.’
The field experiment may possibly reduce to some extent uncer-
tainty over the risks and benefits of SAI, but it certainly cannot
reduce people’s ambivalence about SAI, precisely because ambiva-
lence is a normative (and epistemological) question, hence incalcu-
lable and incommensurable, unlike risks-benefits. As Cairns and
Stirling (2014) noted, ambivalence seems to be pervasive and per-
sistent, not something we can wipe out by ‘more research.’ Thus,
instead of ignoring or repressing it, we should embrace ambiva-
lence about both the pros and cons of geoengineering experimen-
tation. This means, practically, that both proponents and
opponents should be open to dissident voices and direct them-
selves to fostering reflexivity to critically analyze their own
assumptions, premises, and cultural biases (cf. Bellamy, 2016). By
doing so, we may be able to keep the geoengineering debate demo-
cratically accountable and socially inclusive, extending beyond the
false dichotomy of ‘for-or-against’.
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