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Effects of opinion statements on laypeople’s acceptance of
a climate engineering technology. Comparing the source
credibility of researchers, politicians and a citizens’ jury
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To examine the influence of different actors’ fictitious statements about
research and deployment of stratospheric aerosol injection (SAI), we
conducted an online survey in Germany. Participants assess researchers
and a citizens’ jury to be more credible than politicians. Credibility has a
strong positive effect on SAI acceptance in both pro-SAI and contra-SAI
conditions. Reading the statement against SAI-deployment led to
significantly lower acceptance scores compared to reading the
pro-statement. However, the difference between messages was
unexpectedly small, indicating that the message content was not fully
adopted while underlying traits and attitudes mainly shaped acceptance
even despite, or because of, low levels of knowledge.
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Introduction Anthropogenic climate change and its consequences pose one of the biggest threats
to humanity today [Guterres, 2018]. Emissions of greenhouse gases such as CO2
have already led to a global mean temperature rise of one degree Celsius since the
beginning of the industrialization [IPCC, 2018]. If no comprehensive measures are
taken, extreme impacts on humans and nature are expected. Despite the political
and social efforts to take action and some countries slowly beginning to rethink,
achieving the well below 2◦C target as set in the Paris Agreement in 2015
[UNFCCC, 2015] seems a long way off.

For this reason, so-called climate engineering (CE) technologies are increasingly
discussed and investigated in computer models [Horton, Keith and Honegger,
2016; National Research Council (U.S.), 2015], while the societal perspective is
assessed in surveys and qualitative research projects, e.g. involving focus groups
and citizens’ juries [see Burns et al., 2016, for an overview; Merk, Pönitzsch and
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Rehdanz, 2016; Bürgerforum Climate Engineering, 2018]. CE technologies are
described as large-scale interventions into the climate system with the goal to slow
down global mean temperature rise. One main category of CE approaches is solar
radiation management (SRM), which targets the Earth’s potential to reflect sunlight
back into space [Shepherd, 2012]. The most prominent approach is ‘stratospheric
aerosol injection’ (SAI). It deals with the injection of aerosols such as sulphur
particles into higher layers of the atmosphere to reflect sunlight back into space and
thus cool the Earth [Crutzen, 2006; Keith, 2013]. SAI is intensively discussed in
expert circles because of its advantages, such as low-cost and potentially rapid
deployment, and at the same time its manifold ethical, political, social, economic
and technological risks and uncertainties [Baatz, 2016; Keith and Irvine, 2016;
Mahajan, Tingley and Wagner, 2019; Ming et al., 2014; Robock, Jerch and Bunzl,
2008; Robock, Marquardt et al., 2009]. It certainly has some advantages over
mitigation but also great disadvantages like unpredictability and moral concerns
[Mahajan, Tingley and Wagner, 2019] and it does not address the problem of high
atmospheric greenhouse gas concentrations.

The applicability of a technology like SAI is difficult to assess and involves many
known and unknown risks; this adds to general difficulties of communicating the
large uncertainties to societal stakeholders and laypeople. Risks must be weighed
against advantages and benefits, considering losers and winners at a complex
global scale.

The risks have not yet been investigated comprehensively enough; the
uncertainties are very high, which is why e.g. the Convention on Biological
Diversity (CBD) agreed on a temporary moratorium in 2010, which states that no
large-scale climate engineering measures should be carried out until sufficient
scientific data is available [Convention on Biological Diversity, 2010].

When it comes to a discussion about further research or even the deployment of
solar radiation management technologies, the lay public plays a decisive role. Not
only due to the inherent complexity of communicating uncertain risks, it is a
difficult but necessary task to inform the public about CE technologies. Relevant
actors involved in the communication process are politicians, researchers, private
sector and industry actors as well as public sector organisations. With a low level of
prior knowledge, laypersons are vulnerable to framings of the (un)desirability of
such technologies [Chebat, Limoges and Gélinas-Chebat, 1998; Converse, 1970;
Huffman et al., 2007; Jin and Han, 2014]. The source of information also influences
respondents’ perception of the content, with credible sources often being more
persuasive than less credible sources [Grewal, Gotlieb and Marmorstein, 1994;
Pornpitakpan, 2004]. We aim to investigate how different actors influence
laypeople’s opinions on SAI and how these actors are evaluated.

In this context, the credibility of political and scientific actors is a crucial factor. If
institutions and communicators in a democracy are not thought of as trustworthy
and competent, communication with the lay public will hardly be constructive and
even beneficial measures have no chance to be implemented. In addition to the
perceived credibility of a statement’s content, particularly the credibility of the
person making the statement seems to be of high importance [Eagly and Chaiken,
1993; Terwel et al., 2009]. The perceived credibility of a source or messenger is often
used by people as a ‘heuristic or information shortcut when they have to form
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attitudes or decide whether to accept a message or not’ [Weingart and Guenther,
2016, p. 7; Brewer and Ley, 2013; Nisbet and Scheufele, 2009; Petty and Cacioppo,
1986]. Previous acceptance research in related fields like renewable energies or
carbon capture and storage (CCS), already highlights the importance of trust in
involved actors for laypeople’s attitude formation on SAI [Liu et al., 2019; Terwel
et al., 2009].

Should the deployment of a technology like SAI be considered seriously,
communication with society will be crucial for the outcome in democratic
countries. The extent to which the perceived credibility of various types of
communicators then plays a role in public acceptance is investigated in this study.
To better understand laypeople’s reactions to SAI related information, we
conducted an online survey combined with an experimental variation of
hypothetical public statements from fictitious researchers, politicians and a citizens’
jury.1

Even though surveys in Germany indicate, that German laypeople are aware of the
problem of climate change and state that they would accept necessary political or
economic measures against climate change [Schipperges, Holzhauer and Scholl,
2018], in reality political and individual changes lag behind those intentions
[Howlett and Kemmerling, 2017; Juvan and Dolnicar, 2014; Kollmuss and
Agyeman, 2002; Young et al., 2010]. Bell, Gray and Haggett [2005] analysed, what
they called “social gap” for the case of wind power, one example where opinion
polls indicate great support, whereas there are lower implementation rates. In the
following survey, we investigate what message and which information source is
relevant for opinion formation for the case of SAI.

Theoretical
background

Public acceptance of stratospheric aerosol injection

Even though CE already looks back on two decades of research and scientific
interest, the lay public lacks substantial knowledge about technologies like SAI
[Braun et al., 2018; Merk, Pönitzsch and Rehdanz, 2016; Scheer and Renn, 2014].

A series of public acceptance research projects was conducted on laypeople’s
attitudes about SAI within the last years. Particularly in deliberative settings like
focus groups or citizens’ juries, strong rejection of SAI deployment was found
[Bellamy, Chilvers and Vaughan, 2016; Bürgerforum Climate Engineering, 2018]. In
surveys, the rejection was less strong, especially when asking about the acceptance
of researching SAI. In addition, people seemed to be quite uncertain about their
opinion concerning deployment [Braun et al., 2018; Mahajan, Tingley and Wagner,
2019]. In focus groups, this ambivalence towards deployment and research was
also evident, with the acceptance of the latter being influenced, among other things,
by predictability [Asayama, Sugiyama and Ishii, 2017].

Acceptance of CE technologies not only depends on risk and benefit perception but
also on affective responses and trust in decision makers [Mercer, Keith and Sharp,

1Citizens’ juries consist of citizens who are randomly selected and work voluntarily over a period
of several days to help making decisions on specific issues. For this purpose, the participants receive
all relevant information — as defined by the organizers — and the citizens can ask for additional
information. All expenses are covered. The results are summarised in a so-called citizens’ report.
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2011; Merk and Pönitzsch, 2017]. Affect mediates the influence of stable
psychological variables, like values and attitudes, on acceptance and directly
affects the perception of risks and benefits in the case of SAI [Merk and Pönitzsch,
2017]. Trust in institutions, which according to Mercer, Keith and Sharp [2011]
differs strongly between institutions and actors, also influences affect [Merk and
Pönitzsch, 2017]. In this context, Mercer, Keith and Sharp [2011] found high levels
of perceived trustworthiness for university researchers, environmental
organizations, and friends and family, while they found rather low levels of
perceived trustworthiness for the US federal government, religious leaders, private
companies and industry, as well as for media and reporters. Important actors from
politics, science and society are perceived differently by the lay public and are
therefore likely to influence the discourse to varying degrees.

Public discourse on climate engineering — framing and the role of science communication

The discourse on CE differs from the climate change mitigation discourse to the
extent that there is currently no scientific consensus on the "desirability" of
technologies such as SAI [Long and Cairns, 2019; Anshelm and Hansson, 2014;
Anshelm and Hansson, 2016]. Therefore, there is no "right" or preferred strategy on
the part of science communication, which is advocated in the public discourse.
Sound science communication is essential here to close gaps in knowledge and
dispel misconceptions [Fischhoff, 2013]. Nevertheless, for this step of information
provision it is important to know how people perceive these information.
Empirical studies are essential for this. How and to what extent are laypersons
influenced by statements from important actors who might fail to adequately point
out the large uncertainties of the topic? CE is a good test case to investigate the
channels through which science communication is received and interpreted and
how this affects the perception of science and researchers [Fischhoff, 2013].

As current levels of knowledge are low, opinions might be more susceptible to
different framings. Studies have already been carried out from different angles, for
example to explore the influence of local cultural factors [Buck, 2018] or the
influence of decision rules and different forms of public deliberation [Bellamy,
Lezaun and Palmer, 2017]. Corner and Pidgeon [2015] found that framing
CE-technologies as analogues to natural processes increased acceptance.
Nevertheless, the way “nature-frames” influence the debate is quite complex, as
Corner, Parkhill, Pidgeon and Vaughan [2013] pointed out. Participants in their
deliberative workshops discussed the “messing with nature”-argument (the
interference of the technologies with natural processes) without coming to an
agreement about whether this was good or bad. A quite frequently mentioned
frame is the “emergency frame” [Corner, Parkhill and Pidgeon, 2011] which is used
in particular to underpin the need for further research [e.g. Caldeira and Keith,
2010]. It is also found to be relevant for laypersons “to accept — either willingly or
reluctantly — the need for ‘more research’ on geoengineering” [Asayama,
Sugiyama and Ishii, 2017, p. 87]. Metaphors and framings, as often used by
newspapers, can be problematic for communication, as Luokkanen, Huttunen and
Hilden [2014] pointed out, because they can lead to unintended associations
[Klamer and Leonard, 1994] and misinformation [Pigliucci and Boudry, 2011].
Luokkanen, Huttunen and Hildén [2014] for example, examined metaphors and
storylines used in newspapers in the context of CE and found that the more neutral
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the reporting, the less metaphors were used. On the other hand, framings are
important for laypersons to make sense of the information and communicate and
discuss with each other about the topic [Wibeck et al., 2017]. Depending on how
the topic is framed, very different assessments are possible, which previously led to
a trend towards “unframing”, especially within deliberative research, in order to
find out the supposedly “true” attitude [Bellamy and Lezaun, 2017]. Naturally, also
Science communication is not free of metaphors and framings [Nisbet and
Scheufele, 2009], thus it is highly relevant to understand how society perceives and
reacts to different framings of CE.

Who participates in the public discourse on climate engineering?

Until today, a public debate about CE or especially SAI has not yet emerged. At the
same time, public acceptance might play an important role when it comes to the
question of deployment. In Germany, there are still very few public opinion
statements from scientists and even fewer from policy makers. In the scientific
domain, some experts publicly advocate field research on SAI and its possible
deployment; however, emphasizing that SAI should not be seen as a simple
technological fix that saves humankind from the need to cut CO2 emissions. Most
researchers that argue for more research, clearly state that CE could only be a
‘supplement to reducing sources of greenhouse gas emissions and increasing our
ability to cope with the effects of climate change’ [Ackerman et al., 2017]. Through
their specific framing, scientists build the foundation for further political and
societal debates [Anshelm and Hansson, 2016; Gunderson, Stuart and Petersen,
2019; Huttunen and Hildén, 2014]. In February 2019, the Union of Concerned
Scientists released a statement on solar radiation management technologies [Union
of Concerned Scientists, 2019]. They clearly state their disapproval of solar
radiation management deployment and large-scale field experiments but
supported further computer modelling. Forums like the Solar Radiation
Management Governance Initiative (SRMGI2) and the Carnegie Climate
Governance Initiative (C2G) aim for a global debate about the scientific and ethical
implications of CE, especially focussing on the future governance [Carnegie
Climate Governance Initiative, 2019].

The political and societal debate lags behind the scientific discussions, as few
political actors have made statements about such technologies, the media coverage
is still limited and it draws hardly any public attention judging by the low share of
people who indicated that they have heard about CE before [e.g. Braun et al.,
2018]. The German Environment Agency, for example, published a background
paper on Geo-Engineering as information for the wider public, which has hardly
been updated since 2011 [Umweltbundesamt, 2011]. This is also an example of the
low level of involvement of political decision makers in the debate. With the
impacts of climate change increasing, SAI might attract more attention.
Stakeholders, like politicians, public interest groups, NGOs and civil society will
then join the discourse, as it happened in a similar way for other technological
developments, like genetic engineering or nuclear energy [Scheer and Renn, 2014].

Against the backdrop of the very ambitious targets of the Paris Agreement, the
European Green Deal and the prominent yellow vest movement in France,

2See www.srmgi.org for information about the Solar Radiation Management Governance
Initiative.
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governments try to include citizens at the stage of policy making to integrate public
concerns early on and thus hopefully increasing the climate policies’ legitimacy.
Recent examples are the French Convention Citoyenne pour le Climat, the UK Climate
Convention or the German Bürgerdialog zum Klimaschutzplan 2050. These forums of
selected citizens are convened by the respective government to formulate
recommendations or provide input for climate policy. Such a format has not yet
been used for the issue of CE. However, as part of a research project in Germany, a
citizens’ jury, consisting of 21 participants, met on three weekends in early 2018 to
discuss CE [Bürgerforum Climate Engineering, 2018; Merk et al. 2019]. They were
informed about CE by experts and intensively discussed a possible future research
on and deployment of SAI and bio-energy with CCS. The outcome was a jointly
written citizens’ report that assessed the technologies and was addressed to
political and scientific leaders. Citizen involvement has been shown to increase
issue knowledge and the support for decisions among participants. It remains
however unclear whether it also increases the support for policies among citizens
that did not participate in the engagement process [Curato and Böker, 2016;
Michels, 2011; Niemeyer, 2014].

The stakeholders that will potentially be involved in the discourse on CE are very
diverse, with respect to their expertise, their credibility and their reputation among
the general public. Thus, the same statement about CE made by different actors, i.e.
information sources, might influence the citizens’ perceptions of CE differently. We
investigate to what extent different sources influence laypeople’s perceptions of
positively or negatively framed statements about deployment and research of SAI.

Source credibility

The perceived credibility of actors could be a reason for differences in the
evaluation of statements from different sources. Psychological research indicates
that the higher people’s belief in the competence and trustworthiness of an
information source, the more likely they are to accept the message content [Eagly
and Chaiken, 1993; Zhang and Buda, 1999]. This phenomenon occurs especially
under certain conditions, such as lack of knowledge [Kumkale, Albarracín and
Seignourel, 2010] or low task involvement [Wilson and Sherrell, 1993].

Source credibility can be described as the perceived ability of a source to provide
accurate and truthful information [Tormala and Petty, 2004]. ‘Accurate’ and
‘truthful’ refers to the repeatedly identified, most important determinants of source
credibility: trustworthiness and competence [Eisend, 2006; McCroskey and Teven,
1999; Pornpitakpan, 2004; Sternthal, Phillips and Dholakia, 1978]. ‘Competence’
here refers to the perception of a source to be able to make a valid statement about
a topic. ‘Trustworthiness’ describes the perception of a source as being willing to
tell the truth [Hovland, Janis and Kelley, 1953].

The construct of source credibility has initially been investigated in persuasion
research with a broad consensus that in many situations, more credible sources are
also more persuasive [Petty and Wegener, 1998; Pornpitakpan, 2004]. In addition,
this depends on the specific source [Brewer and Ley, 2013] as well as on the
respective social context [Lang and Hallman, 2005].
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These definitions show parallels to the constructs of integrity-based and
competence-based trust that have been found to predict acceptance of CCS. High
competence-based trust and low integrity-based trust towards organizations
dealing with CCS, affected participants’ risk and benefit perception and their
subsequent acceptance most [Terwel et al., 2009]. For new technologies in general,
previous research indicated that perceived risks and concomitant acceptance are
influenced by the perception of scientists’ trustworthiness [Lee, Scheufele and
Lewenstein, 2005; Priest, 2001; Siegrist, 2000].

Empirical investigation of statements, information sources and source credibility in the cli-
mate engineering context

Most of the recent surveys provided more or less neutrally framed information on
CE and deliberately refrained from expressing judgements [Braun et al., 2018; Merk
and Pönitzsch, 2017]. Other studies looked at the impact of climate change
information with and without additional CE information made by a fictional
scientific body but did not vary the source of the CE messages [Kahan et al., 2015].

Attitudes towards CE are not really differentiated and are formed under high
uncertainty [Burns et al., 2016]. Providing opinion statements as an additional
quality of information could influence acceptance more strongly. When people
cannot rely on their own knowledge, persuasion by third parties can occur,
depending on the situation [Kumkale, Albarracín and Seignourel, 2010]. This of
course depends on personal and situational factors, as opinions can sometimes be
strong even though knowledge is low. Additionally, people might think they have
enough knowledge, even though they do not, and vice versa [Brucks, 1985]. Since
knowledge about CE technologies like SAI among the lay public is very low and
most people have probably not formed stable opinions yet, pro or contra
statements are likely to be persuasive. Concerning new emerging technologies,
people can be ambivalent especially as the trade-offs are manifold and uncertain.
Despite the ambivalence, people can lean towards one side or the other. This
survey analyses those tendencies for SAI. Hence, the first aim of this study is to
assess the influence of pro and contra statements on laypeople’s acceptance
formation in the context of emerging technologies. Moreover, the acceptance of SAI
after receiving a statement by a source probably varies depending on the perceived
credibility of that source. We investigate the moderating role of source credibility in
order to broaden the understanding of factors relevant for SAI acceptance.

In the SAI context, various groups will be involved in the future public discourse;
most certainly scientists, policy makers and the lay public will be among them. The
spectrum of both, trustworthiness and competence, within these groups with
regard to climate change and technology is broad. Prior research suggests that
people tend to trust scientists more than governmental actors or informal sources,
like news media, neighbours or religious leaders, when it comes to topics like
climate change or information about the environment [Brewer and Ley, 2013; Ipsos
MORI, 2016; Sanz-Menéndez and Cruz-Castro, 2019; Sleeth-Keppler, Perkowitz
and Speiser, 2017]. Thus, the second aim of our study is to investigate laypeople’s
perception of the credibility of potentially relevant actors in the SAI debate.
Furthermore, we analysed the moderating role of source credibility, as the
credibility of a message source was found to interact with the message framing
[Jones, Sinclair and Courneya, 2003; Kim and Kim, 2014].
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We therefore propose the following three hypotheses to guide our research:

H1: The level of acceptance differs between the statement conditions: Acceptance
of SAI is highest in the pro-deployment, then the pro-research, then the
contra-deployment condition. In addition, after receiving the pro-SAI statement,
acceptance is higher than in the control group without statement. After receiving
the contra-SAI statement, acceptance is lower than in the control group without
statement.

H2: Researchers, politicians and citizens’ juries are perceived differently regarding
the two facets of source credibility: trustworthiness and competence in the context
of SAI. Researchers are perceived as more trustworthy and competent than
participants of a citizens’ jury and politicians.

H3: The level of source credibility influences the level of acceptance. The higher the
source credibility, the higher the acceptance in the pro-SAI condition; the higher the
source credibility, the lower the acceptance in the contra-SAI condition, because
laypeople tend to follow the source’s opinion and in turn adjust their own opinion
on the topic in the direction of the source’s attitude.

Method Sample

We conducted an online survey in Germany, which took place in November 2018.
We used the SoSciSurvey [Leiner, 2017] online platform for data collection. Prior to
the main study, a pilot test was carried out to ensure that the items were
understandable, and the scales were internally consistent. The study was
conducted online, following current standards for online experimentation [Reips,
2002]. Data was analysed with the open source RStudio statistics software (version
3.4.0, The R Foundation for Statistical Computing, 2017).

Participants were recruited by Consumerfieldwork GmbH using quota sampling
for age, gender and educational background, representative for the German
population.

The original dataset comprised 608 participants. 40 participants had missing values
on the dependent variable and were therefore excluded from further analysis. The
resulting data set comprised N = 568 participants (284 female, 283 male, 1 other)
with a mean age of 49.3 years (SD = 16.22) ranging from 20 to 89.

Procedure

In a 3×3+1 between-subjects design, participants initially read an information text
on climate change causes and impacts, as well as on SAI and its side effects.
Afterwards, they were presented with artificial statements of either politicians from
the German Bundestag, researchers at a climate conference, or participants of a
citizens’ jury that deliberated SAI. The statement either argued in favour of
deployment, against deployment or for research but against the immediate
deployment of SAI. Participants in the control group received neither a source
description, nor a statement. They only read the information text and were asked
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directly to indicate their level of acceptance of SAI. At the end of the survey, all
participants were de-briefed about the aim and design of the study. The sequence
of the presented information text, treatment conditions and the elicitation of the
variables is shown in Figure 1.

Figure 1. Study design: Sequence of information provision (colours) and measurement of
variables (dark grey). The source was either politicians of a committee, researchers at a
conference or participants of a citizens’ jury, the statement argued either in favour of de-
ployment, against deployment or in favour of research. The control group skipped the de-
scription of source, the source credibility rating and the statement by the source and directly
rated acceptance of SAI.

Material

Climate change and SAI information. The presented text was developed
following Merk et al. [2016] with a modified explanation of SAI. Basic information
about the greenhouse effect and greenhouse gas emissions were provided, as well
as current and future consequences of an ongoing global mean temperature rise.
The 2◦C target was presented together with the political, economic, and
behavioural changes that would be necessary to stay below it. SAI and its main
costs and benefits were explained (for the complete text see appendix A, the
original texts and questions were presented in German). All experimental groups,
including the control group read this information text.

Description of source. Participants in the experimental groups were then
presented the description of one out of three possible sources: (1) Politicians,
namely members of a committee of the German Bundestag, (2) researchers
participating in an international climate conference and (3) informed citizens,
taking part in a citizens’ jury. Each source was introduced in a similar way with
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two sentences (see Table 1 and appendix B). Each participant only read one source
description, the participants in the control group were not presented with any
description of source.

Statement. The statements made by the sources argued either in favour of
deployment of SAI (pro), against deployment (contra) or in favour of research (pro
research). For the exact wording, see Table 1 and appendix C. Each participant only
read one statement. The participants in the control group did not read any
statement.

Table 1 shows the wording of the descriptions of the sources and the statements,
which were presented to participants in the treatment groups.

Source credibility rating. The perceived ability of a message’s source to provide
accurate and truthful information [Tormala and Petty, 2004] was measured using
12 items in the form of statements mainly inspired by the semantic differentials
identified by McCroskey and Teven [1999] and Eisend [2006]. The factor goodwill,
measured by McCroskey and Teven [1999] was integrated into the factor
trustworthiness. Thus, we focused on the two sub-components: trustworthiness
(e.g. ‘Concerning climate protection and SAI, I believe the scientists are honest’)
and competence (e.g. ‘Concerning climate protection and SAI, I believe the citizens’
jury is professional’). Items were answered on a visual analogue scale (VAS),
ranging from 1 (‘do not agree at all’) to 101 (‘fully agree’) (for full item list and item
analysis see appendix F and G).

Acceptance rating of SAI. Acceptance of SAI was measured using 12 items.
Participants had to indicate their level of (dis-)agreement with 12 sentences about
support, rejection, risks, or benefits of SAI. We used items on the narrow
understanding of acceptance, behavioural intentions for political action related to
the technology, as well as risk and benefit perception to get a broad assessment of
SAI acceptance (e.g. ‘I would demonstrate against the deployment of stratospheric
aerosol injection’). Items were answered again on a VAS, ranging from 1 (‘do not
agree at all’) to 101 (‘fully agree’).

Table 2 shows the distribution of participants across the nine treatment groups. The
control group, consisting of 60 participants, did not receive any description of
source or statement.
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Table 1. Wording of the descriptions of the sources and the statements.
Note. Descriptions of sources and statements that were presented to the treatment groups.
Every participant randomly received a combination of one of the source descriptions and
one of the statements. The control group received neither a source description nor a state-
ment.

Description of source
Politicians On 12 February 2018, members of the Climate Action Committee of the German

Bundestag met in Berlin to discuss climate protection measures. Together they
discussed the current status of strategies for dealing with climate change. Among
the strategies discussed was the measure “stratospheric aerosol injection”, which
has just been presented to you in the information text.
You are about to read an excerpt from a joint statement by the members of the
Bundestag Committee on the classification of these risks.

Researcher On 12 February 2018, renowned researchers from various environmental science
disciplines met in Berlin to discuss climate protection measures. Together they
discussed the current status of strategies for dealing with climate change. Among
the strategies discussed was the measure "stratospheric aerosol injection", which
has just been presented to you in the information text.
You are about to read an excerpt from a joint statement by the members of the
conference on the classification of these risks.

Citizens‘ jury On 12 February 2018, German citizens met in Berlin for voluntary participation
in a Citizens’ jury* on climate protection measures. Together they discussed the
current status of strategies for dealing with climate change. Among the strategies
discussed was the measure "stratospheric aerosol injection", which has just been
presented to you in the information text.
You are about to read an excerpt from a joint statement by the participants of the
Citizens’ jury on the classification of these risks.
*Citizens’ juries consist of citizens who are randomly selected and work over a
period of several days to help making decisions on specific issues. For this purpose,
the participants receive the necessary information and an expense allowance. The
results will be summarised in citizens‘ reports.

Statements
Pro-SAI The use of this measure [stratospheric aerosol injection] could have further, previ-

ously unknown negative consequences, but it is assumed that global warming can
be slowed down quickly and effectively by this technology.
We are therefore clearly in favour of the possible deployment of this measure in the
future!
(Extract from the joint statement of 12.02.2018)

Contra-SAI It is assumed that global warming could be slowed down quickly and effectively
with this measure [stratospheric aerosol injection], but the use of this technology
can have further, previously unknown negative consequences.
We are therefore clearly against the possible deployment of this measure in the
future!
(Extract from the joint statement of 12.02.2018)

Pro research-
SAI

It is assumed that global warming could be slowed down quickly and effectively
with this measure [stratospheric aerosol injection], but the use of this technology
can have further, previously unknown negative consequences.
We are therefore clearly in favour of further research. As long as no reliable results
are available, however, we reject the possible deployment of this intervention in
the future.
(Extract from the joint statement of 12.02.2018)
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Table 2. Number of participants in each experimental group.
Note. The control group consisted of 60 participants, total N = 568.

Sources
Statements Politicians Researcher Citizens‘ jury Control group Sum
Pro-SAI 57 61 59 - 177
Contra-SAI 53 56 52 - 161
Pro research-SAI 59 57 54 - 170
Sum 169 174 165 60

Table 3. Differences in acceptance of SAI between the statements.
Note. The factor statement was dummy coded with the control group as reference category,
N = 568. B represents unstandardized OLS-regression coefficients, but coefficients have
the same metric. SE B are standard errors, t is the t-value. Adjusted R2 = .014 (p = .013).
*p < .05. **p < .01. ***p < .001.

B SE B t p
Intercept 54.04*** 2.73 19.83 <.001
Pro-SAI 4.89 3.15 1.55 .122
Pro research-SAI 0.85 3.17 0.27 .788
Contra-SAI −2.63 3.19 −0.82 .411

Figure 2. Coefficient plot of differences in acceptance of SAI between statements. The factor
statement was dummy coded with the control group as reference category. N = 568. The
deviation of the coefficients from the dotted line represents the difference of the coefficients
from the reference category. The actual value of the reference category is plotted in the
bottom row: Intercept.

Results Differences in the SAI acceptance in the four statement conditions — pro-SAI,
contra-SAI, pro research-SAI and the control group without a statement — were
analysed using regression analyses. The results can be found in Table 3 and
Figure 2. The factor statement was dummy coded with the control group serving as
reference category. There was no significant difference of neither pro-SAI, pro
research-SAI or contra-SAI compared to the control group. Calculating post hoc
contrasts, we found a significant difference between the pro-SAI and the contra-SAI
statement (B = 7.52**, SE B = 2.30, t = 3.27, p = .006). The complete contrast table
with all factor levels can be found in appendix E, Table 11.
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Table 4. Full model with interaction of the factors source and statement without the control
group.
Note. The factors statement and source were dummy coded with pro-SAI and politicians
as reference category. Robust standard errors (SE B) were calculated. N = 508. Adjusted
R2 = .009 (p = .113). *p < .05. **p < .01. ***p < .001.

B SE B t p
(Intercept) 58.70*** 2.97 19.78 <.001
Pro research-SAI −4.98 3.93 −1.27 .205
Contra-SAI −10.24* 4.36 −2.35 .019
Researcher −0.13 4.41 −0.3 .976
Citizens‘ Jury 0.83 3.77 0.22 .827
Researchers * Pro research-SAI 0.66 5.83 0.11 .910
Researchers * Contra-SAI 3.18 6.34 0.5 .616
Citizens‘ Jury * Pro research-SAI 2.34 5.33 0.44 .661
Citizens‘ Jury * Contra-SAI 5.06 5.65 0.9 .371

Figure 3. Coefficient plot of regression model with interactions. The factors statement and
source were dummy coded with pro-SAI and politicians serving as reference category. The
deviation of the coefficients from the dotted line represents the difference of the coefficients
from the reference category. The actual value of the reference category is plotted in the
bottom row: Intercept.

To analyse the interaction effect of the two factors statement and source we
additionally calculated a multiple regression with interaction. Because the control
group did not read a statement or a source description, the analysis was performed
without the control group. Results are shown in Table 4 and Figure 3, again, both
factors were dummy coded. For the factor statement the pro-SAI statement served
as reference, for the factor source politicians served as reference category. We found
no significant interaction between the factors. Figure 4 shows the deviation in the
level of acceptance in the 9 treatment groups from the control group (the
corresponding regression table is provided in appendix E, Table 12, the exact means
of acceptance of SAI in the 10 groups can be found in appendix D, Table 9).
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Figure 4. Coefficient plot of the 3 (statements) × 3 (sources) + 1 (control group) treatment
groups. The 10 groups were dummy coded with the control group as reference category. N
= 568. The deviation of the coefficients from the dotted line represents the difference of the
coefficients from the reference category. The actual value of the reference category is plotted
in the bottom row: Intercept.

Hypothesis 1 can thus only be partly accepted. There was a significant difference
between the pro and contra-SAI conditions, but no statistically significant
difference to the control group. The results indicate that participants adjusted their
judgements to some extent, but they were not strongly influenced compared to the
control condition where they received no statement.

Differences in perceived credibility between information sources

As hypothesised in H2, we found differences in the subscales trustworthiness
(Table 5 and Figure 5) and competence (Table 6 and Figure 6) between the three
sources. Trustworthiness was higher for researchers and the citizens’ jury
compared to politicians. Competence was judged higher for researchers than for
citizens, who in turn had a higher mean than politicians (see appendix D, Table 10
for the exact means).

Accordingly, the participants perceived the sources of information as having
varying degrees of credibility. Researchers were perceived as both highly
trustworthy and competent, as were informed laypersons, who were, however,
considered to be slightly less competent than the researchers. Politicians scored
significantly worse on both variables. H2 can thus be accepted in part, as
researchers were perceived as more competent and trustworthy than politicians
and more competent than participants of a citizens’ jury, but equally trustworthy as
the citizens’ jury.

The correlation between perceived competence and trustworthiness of the source (r
= .834) and the internal consistency value of .974 (Cronbach’s alpha) for the
combined scale source credibility were high, therefore, we used the one-factor
solution in our further analyses. The item-discrimination values ranged between
.77 and .91, and the item-difficulty values were between .46 and .66.
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Table 5. Regression results using perceived trustworthiness as the criterion.
Note. Adjusted R2 = .276 (p < .001). N = 508. The factor source was dummy coded with
researchers as reference category. Robust standard errors (SE B) were calculated. *p < .05.
**p < .01. ***p < .001.

B SE B t p
Intercept 64.76*** 1.87 34.64 <.001
Politicians −28.98*** 2.65 −10.93 <.001
Citizens’ Jury 2.09 2.39 0.88 .381

Figure 5. Coefficient plot of perceived trustworthiness and the factor source, which was
dummy coded with researchers as reference category. The deviation of the coefficients from
the dotted line represents the difference of the coefficients from the reference category. The
actual value of the reference category is plotted in the bottom row: Intercept.

Table 6. Regression results using perceived competence as the criterion.
Note. Adjusted R2 = .21 (p < .001). N = 508. The factor source was dummy coded with
researchers as reference category. *p < .05. **p < .01. ***p < .001.

B SE B t p
Intercept 65.1*** 1.83 35.64 < .001
Politicians −30.58*** 2.6 −11.75 < .001
Citizens’ Jury −12.72*** 2.62 −4.86 < .001

Figure 6. Coefficient plot of perceived competence and the factor source which was dummy
coded with researchers as reference category. The deviation of the coefficients from the
dotted line represents the difference of the coefficients from the reference category. The
actual value of the reference category is plotted in the bottom row: Intercept.
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The moderating role of source credibility on acceptance

To analyse the hypothesized effects of H1 and H3 in a joint model, we calculated a
moderated regression with the factor statement (comprising the three levels
pro-SAI, pro research-SAI and contra-SAI) and the moderator source credibility.
We expected a significant interaction of statement and source credibility because a
credible source making a positive statement about SAI influences the reader
positively (in direction of greater acceptance) and we expected that credible source
making a negative statement has an adverse impact on acceptance (in direction of
less acceptance, i.e. they are more likely to reject SAI).

The level of source credibility differed substantially between politicians,
researchers, and the citizens’ jury, therefore the source credibility variable was
standardised according to source-condition group means to make the interpretation
in the regression easier. Acceptance of SAI was standardized, now having a mean
of 0 and a standard deviation of 1. The factor statement was coded, using contrast
coding to directly compare the planned contrast of the pro-SAI condition with the
contra-SAI condition. We found a positive effect for source credibility, a small
negative effect for the contra-SAI statement and no effect for the interaction (Table 7
and Figure 7). The control group did not receive any statement and did not assess
the sources’ credibility. Therefore, the control group was excluded from the model.

Table 7. Regression results of the influence of the statements on acceptance of SAI, moder-
ated by source credibility.
Note. Adjusted R2 = .213 (p < .001). N = 508. Moderated regression model with standard-
ized acceptance of SAI and the group-mean standardized moderator source credibility. The
factor statement was contrast coded directly comparing the levels pro-SAI and contra-SAI.
Robust standard errors were calculated. *p < .05. **p < .01. ***p < .001.

B SE B t p
Intercept −0.007 0.039 −0.169 .866
Pro-SAI – Contra-SAI −0.305** 0.101 −3.021 .003
Source Credibility 0.442*** 0.045 9.938 <.001
Pro-SAI – Contra-SAI * Source Credibility −0.12 0.112 −1.075 .282

Figure 7. Coefficient plot of moderated regression. The factor statement was contrast coded
to compare directly between the pro-SAI and contra-SAI statement and their interaction
with source credibility on acceptance of SAI.
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The results show that higher perceived source credibility led to higher acceptance
ratings independent of the content of the source’s statement, i.e. whether it was
positive or negative. This is contrary to our hypothesis 3 that a negative statement
from a highly credible source should have a stronger negative effect on acceptance
compared to a statement by a less credible source and vice versa for a positive
statement. Therefore, we further examined the relationship between source
credibility and SAI acceptance by source and statement (see Table 8).

We found an interesting pattern that irrespective of the message content (pro-SAI,
pro research-SAI or contra-SAI), there was a positive correlation between source
credibility of politicians and researchers and the acceptance rating (Table 8,
Figure 9). Even if the source made a negative statement about SAI, participants’
acceptance of SAI was rather high when they thought the source was credible.

Table 8. Pearson correlation coefficients between source credibility and acceptance in the
treatment groups.
Note. N = 508. Bonferroni corrected p-values. *p < .05. **p < .01. ***p < .001.

Politicians Researcher Citizens‘ jury
Pro-SAI .549*** .691*** .259
Contra-SAI .406* .615*** .099
Pro research-SAI .548*** .724*** .222

Figure 8 shows the relationship between source credibility and acceptance for the
three sources. It indicates that there was a positive relationship for all sources. For
the citizens’ jury the relationship was weaker than for the two other sources.
Figure 9 in turn shows the relationship between source credibility and acceptance
for the three statements. Here, we can see that the relationship between source
credibility and acceptance was slightly weaker after reading a contra-SAI statement
compared to after reading a pro-SAI statement, as the regression line is slightly
steeper for the latter. Yet, this difference does not reach statistical significance.

Hypothesis 3 can only be accepted for the pro-SAI condition, since source
credibility increased the acceptance of SAI. As far as the contra-SAI condition is
concerned, the second part of H3 must be rejected, because the expected negative
correlation was not observed, but a significant positive correlation.

Discussion Our study focussed on the influence of different statements about SAI from
different sources and the moderating role of the perceived credibility of the
respective source on laypeople’s acceptance of SAI. We found that it made a
difference whether a statement was in favour or against the deployment of SAI
(H1). Participants had significantly lower acceptance ratings for SAI if they had
read a framed statement arguing against the deployment, compared to a statement,
supporting deployment. Nevertheless, the differences were smaller than expected
and we did not find significant differences compared to a control group without
information on sources and statements. This indicates, that despite the stated lack
of knowledge — 74.12% indicated that they had never heard of SAI before this
survey — participants were influenced only to a small extent by the actor’s
statement. This is encouraging, as it shows that laypeople cannot be manipulated
easily by short, one-off messages. The source of information had in turn no effect
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Figure 8. Relationship between source credibility and acceptance for the three sources. Pink
dots (Researchers) represent participants who read the statement with the researchers as
information source (r = .665, B = 0.788), yellow dots (Politicians) represent those who read
the statement by the politicians (r = .516, B = 0.561), blue dots (Citizens’ jury) represent
participants who read the statement by the citizens’ jury (r = .194, B = 0.235). The grey areas
are confidence intervals.

on the acceptance rating, meaning that it made no difference whether the
information came from politicians, researchers or a citizens’ jury.

Thus, analysing differences in perceived source credibility (H2) we found that
perceived trustworthiness was higher for researchers and citizens’ juries compared
to politicians and competence was judged highest for researchers followed by
citizens’ juries. Politicians ranked last in terms of mean perceived competence (see
Figure 6). Our findings suggest that currently, people do rather not trust politicians
about SAI. This could be due to the generally low public trust in politicians [Algan
et al., 2017; Foster and Frieden, 2017]. Thus, politicians need to be aware of their
status of trustworthiness within the debate and address the scepticism of the lay
public mindfully. In contrast to this, researchers are perceived as trustworthy and
competent and are therefore in the best position to communicate information about
CE. This has interesting implications for science communication, because
credibility in general is a necessary factor for scientists to be listened to at all and
for laypersons to form their own opinion based on it [e.g. Bromme, 2020].

Participants of the citizens’ jury were rated equally trustworthy as scientists
concerning the topic of CE. The citizens’ jury, which was used as a source of
information in this study, is a relatively reputable source, as the participants were
informed in detail about the topic. The extent to which this high level of attributed
trust can also be transferred to less informed and structured citizens’ initiatives
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Figure 9. Relationship between source credibility and acceptance separately for the different
statement conditions. Orange dots (Pro-SAI) represent participants who received a pro-SAI
statement (r = .501, B = 0.501), blue dots (Pro research-SAI) represent those who received
the pro-SAI research statement (r = .466, B = 0.445), and green dots (Contra-SAI) those who
received the contra-SAI statement (r =.376, B = 0.381).

should be investigated in follow-up studies. In this case, directly manipulating the
credibility of the source, for example, from uninformed internet forums to expert
panels, would be an option.

In our survey, we found source credibility to be the most important predictor for
the acceptance rating of the survey participants. Contrary to our assumption in H3,
source credibility did not moderate the relationship between the statement and the
acceptance of SAI to the degree that they are positively related in the pro-SAI
condition and negatively related in the contra-SAI condition. Instead, we found
positive correlations in the pro- as well as in the contra-SAI condition between
source credibility and acceptance at least in the politician and the researcher
condition. Even when CE actors stated their disagreement with SAI, people’s
acceptance of SAI was higher when they perceived the actor as credible.

The finding appeared more nuanced for participants that read a politician’s or a
researcher’s statement, than for those who thought the statement came from
informed citizens. One explanation for this is that participants might have assessed
politicians and researchers to be more influential actors compared to the citizens’
jury, as for both groups in both statement conditions the correlation between source
credibility and acceptance was significantly positive. Recent research supports this
finding, as Yeo, Binder, Dahlstrom and Brossard [2018] found, that authoritative
sources like politicians or researchers had a significant impact on behavioural
intentions, whereas an anonymous source had not. Though the citizens’ jury was
perceived as trustworthy, respondents did not adjust their acceptance rating based
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on its statement. This casts doubt on the effects of citizens’ participation in
policy-making on the general public’s assessment of the resulting policy. However,
our study did not focus on the perceived legitimacy and quality of policy-making.
This should be addressed more thoroughly in future research.

An explanation for the positive correlation of source credibility and SAI acceptance
in the contra-SAI condition is that there is a positive relationship between the two
variables, which is caused by an underlying variable. Personality factors like
general trust [Siegrist, Gutscher and Earle, 2005], trust in government [Brewer and
Ley, 2013] and trait optimism might have influenced both variables positively
[Siegrist, 2019]. More optimistic people might in general be more trusting towards
actors and institutions including actors dealing with SAI. Sleeth-Keppler,
Perkowitz and Speiser [2017] for example found that people who trusted in
so-called formal communicators like Barack Obama or scientists also rated climate
strategies as more effective. As Siegrist [2019] summarizes, various studies found a
relationship between trust and the affect heuristic, when it comes to risk perception
and acceptance of new technologies. Therefore, it is plausible that the affective
reaction towards CE guides risk perception and acceptance on the one hand, but
also trust and confidence in relevant actors on the other hand, as a common
underlying variable.

Trumbo and McComas [2003] found a direct effect of the perceived credibility of
state and industry on risk perception. They assessed the credibility of different
sources in areas where there was concern about possible environmental causes for
cancer, but where no official ‘cancer cluster’ existed at that time. Risk perception
was measured with different variables capturing personal impact, control over
exposure or concern about effects on future generations. The higher people rated
the credibility of state health departments and involved industries the lower was
their risk assessment of cancer rates. High credibility of citizen groups in turn
predicted greater risk perception. They found that perceiving state and industry as
high in credibility, while perceiving citizen groups as low in credibility led to
heuristic processing which in turn led to lower risk perception. This can probably
be transferred to our study, meaning that underlying variables like general trust
and heuristic information processing influenced acceptance of SAI through risk
perception.

We suggest that this positive correlation existed even before the participants read
any statement. On this basis, our results are plausible: There was already a positive
correlation between acceptance and credibility because of underlying variables,
influencing the baseline assessment. The presented statement itself only marginally
influenced this relation, which becomes slightly stronger if participants read a
pro-SAI statement and weaker (but still positive) if they read a contra-SAI
statement. The correlation coefficient was (descriptively but not statistically)
smaller for the contra statement condition compared to the pro statement
condition, indicating that people marginally adjust their acceptance level toward
the statement. They are not completely swayed by just one statement.

This indicates that there is indeed some kind of moderating effect of the perceived
credibility, but the basic assumption should be adapted regarding the existing
relation of acceptance and credibility in general. If there is a positive correlation
between acceptance and credibility before giving a statement, the presentation of a
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negative statement would weaken the relationship and a positive statement would
increase it. This should be tested again for example in a longitudinal design with
two or more measurement times. For science communication, this indicates that at
the moment laypersons probably base their evaluation of such new technologies
mainly on previous attitudes, values and underlying traits. Communicators should
be aware of the possibility that message content might not be listened to.

Another influencing factor could have been perceived source-message congruency
[Chew and Kim, 1994]. It is possible that participants expected politicians and
scientists to speak in favour of deployment and were then surprised to read a
negative statement. Perhaps this previous assumption was so strong that it
overshadowed the content of the actual statement of the source or it was assumed
that there are other scientists and politicians who are definitely in favour of
deployment. This message-source expectation should be checked in follow-up
investigations.

Limitations

Another explanation for the positive correlation between source credibility and
acceptance in both statement conditions could be a methodological one: the
positive assessment of the source as being credible was transferred to the
evaluation of SAI due to sequence effects. This would mean that a positive
evaluation might influence the next evaluation in a questionnaire even though
unrelated topics are evaluated. Future research should repeat the analyses varying
the position of the questions in the questionnaire to cancel out sequence effects.

Future analyses should control for the effects of the perceived power and influence
of a source, trait optimism and generalized trust on the relationship between source
credibility and acceptance.

Regarding the unexpected results for the impact of source credibility on acceptance
in the positive and negative statement condition, it would have been helpful to
analyse the relationship in comparison to a control group that had also been
introduced to a source. For this ‘improved’ control group would have been able to
shed light on the relationship without the influence of a framed statement. Future
research should consider that.

The information sources in this study were fictitious and their description rather
short, which might have made it difficult to assess their credibility. As we found
significant differences in acceptance between the pro- and contra-SAI condition, we
are confident that participants in general paid attention to the text, processed the
statements correctly and reacted to differences in the wording. A next step to test
our findings would be the experimental variation of source credibility. This for
example could be done by introducing sources as leading experts, uninformed
passer-bys interviewed on the street or lobbyists of an energy company.

Some of the analyses involved the comparison of 9 + 1 experimental groups, which
led to a potential decrease in power. Using the power analysis tool G*Power
(version 3.1.9.7), we calculated a sensitivity analysis for linear multiple regression3

3Test family: F-tests; Linear multiple regression: fixed model, R2 deviation from zero
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to find the minimal detectable effect size. With an estimated power of .80, an alpha
level of .05, a sample size of N = 568 and 10 groups (including treatment and
control groups), a small effect of f 2 > .03 could potentially be detected.

Conclusion The debate about climate engineering (CE) will probably pose a great challenge to
science communication and policy-making. It is therefore important to get insights
into possible evaluations of information about such technologies and moreover of
the source of that information using empirical investigations. In the debate, several
main actors will play an important role in communication and decision-making
processes. We identified three key players as researchers, policy-makers, and
citizens’ juries that participated in an engagement process. To get an insight into
possible future evaluations of CE related statements, we assessed the influence of
perceived source credibility on attitudes concerning stratospheric aerosol injection
(SAI).

We found that acceptance of SAI was slightly higher for participants that read a
positive statement about SAI deployment than for those that read a negative
statement. This difference was smaller than expected. The levels of information
and prior knowledge in the public are still low and we would assume that stable
opinions on SAI are not yet prevalent. Thus, the statement of a possibly relevant
source influenced acceptance to a small degree, however, the specific source
(whether it was politicians, researchers or a citizens’ jury) had no influence on
acceptance. Even the statements from researchers, who were generally judged to be
trustworthy and competent, had no specific influence on the opinion of the
participants, just like the politicians’ and the citizens’ statements.

Moreover, we found an interesting pattern of positive correlations of source
credibility and acceptance of SAI, independent of the sources’ opinion. Even if
important actors voiced their disapproval of SAI, participants accepted SAI to a
higher degree when they had judged the respective source to be credible.
Underlying variables like trait optimism or general trust may cause this
relationship, by simultaneously raising credibility and acceptance.

Given the complex and highly uncertain nature of SAI, at the moment laypeople
seem to evaluate this new technology heuristically, transferring a positive source
evaluation to the acceptance of SAI. Even though the specific framing of the
statements in our study had less impact than expected, CE is still a challenge for
science communication. Researchers are perceived as both competent and
trustworthy regarding the topic, which initially makes them suitable for
communicating the uncertainties associated with CE. Here, however, a cautious
approach is advisable and the low level of prior knowledge in society should be
taken into account. It can be assumed that even if credible sources are used, the
messages themselves may not be listened to.

A thoughtful and balanced information campaign would probably enable
laypersons to form an opinion and, in a next step, to process the opinions of certain
actors more systematically. These large-scale information campaigns accompanied
by public dialogue and participation are needed to provide society with the
opportunity to be heard instead of being presented with climate engineering as a
fait accompli.
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Appendix A.
Information text
about climate
change and SAI

Texts and items were originally presented in German and translated for the
purpose of this paper.

A.1 Climate change and stratospheric aerosol injection

Causes and consequences of climate change. Sun rays warm the Earth and the
Earth’s atmosphere. Naturally occurring greenhouse gases in the atmosphere
ensure that part of the heat is retained near the Earth’s surface. This makes the
Earth warm enough for people, animals and plants to live there. Since the
beginning of industrialisation, the average temperature of the Earth has risen by
about 1◦C.

The reason for this global warming of the Earth is the high emission of greenhouse
gases such as carbon dioxide (CO2). Greenhouse gases are released, for example
during the combustion of coal, oil or gas. Currently, there are much larger amounts
of these greenhouse gases in the atmosphere than was the case just a few centuries
ago. The larger these quantities become the more heat the greenhouse gases retain
and thus the higher the temperature on Earth will be.

Even if 1◦C initially does not sound like much, the effects of global warming on the
climate and the environment can already be clearly determined. These temperature
changes have a global impact on plants, animals and humans. The more
greenhouse gases emitted, the more serious the changes will be in the future. If we
continue like this, the average temperature on Earth could rise so much that
increased storms, floods, droughts or heat waves would cause very high costs and
much suffering.

The 2-degree target. In order to mitigate the consequences of climate change,
almost all countries in the world have agreed that global warming should be
limited to well below 2◦C. The aim is to reduce the temperature rise of the Earth’s
atmosphere to a minimum of 2◦C. To achieve this, greenhouse gas emissions must
be reduced globally. This means, for example that by 2050 there will no longer be
any coal-fired power plants worldwide. Instead, renewable energies would have to
be further expanded. A tax on CO2 emissions would have to be politically
enforced. Industry as we know it today will change radically. Every individual
would also have to face changes, as we would have to significantly reduce our
energy consumption. In concrete terms, this means, for example, much less
traveling, heating and meat consumption.

Stratospheric aerosol injection as a technology against climate change. Even if
international efforts to reduce greenhouse gas emissions are successful and there
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will be drastic changes in the coming decades, global warming is likely to be
significantly above 2◦C. For this reason, more attention is being paid to so-called
stratospheric aerosol injection, which is intended to systematically influence the
Earth’s temperature.

In this measure, small particles (e.g. sulphur particles) are distributed by aircraft in
high air layers. These particles reflect part of the sunlight into space before it can
warm up the Earth. As a result, less sunlight reaches the Earth’s surface and the
Earth’s temperature is lowered. This method is relatively inexpensive and can be
applied quickly.

However, the layer of particles would have to be renewed every year for many
decades. If the distribution of the sulphur particles is stopped suddenly or too
early, the temperature would rise again within a short time. How much the
temperature then rises depends on two factors: how much the temperature has
been ystematically reduced and how much greenhouse gases we have emitted in
the meantime. In addition, the effects and side effects of the spreading of sulphur
particles have so far been little researched. Possible side effects include damages to
the ozone layer and changes in precipitation rates in most regions. There could also
be political and social conflicts over the use, the effects and how much the
temperature should be reduced.

Appendix B.
Description of
source

B.1 Politicians

On 12 February 2018, members of the Climate Action Committee of the German
Bundestag met in Berlin to discuss climate protection measures. Together they
discussed the current status of strategies for dealing with climate change. Among
the strategies discussed was the measure "stratospheric aerosol injection", which
has just been presented to you in the information text.

You are about to read an excerpt from a joint statement by the members of the
Bundestag Committee on the classification of these risks.

B.2 Researcher

On 12 February 2018, renowned researchers from various environmental science
disciplines met in Berlin to discuss climate protection measures. Together they
discussed the current status of strategies for dealing with climate change. Among
the strategies discussed was the measure "stratospheric aerosol injection", which
has just been presented to you in the information text.

You are about to read an excerpt from a joint statement by the members of the
conference on the classification of these risks.

B.3 Citizens’ Jury

On 12 February 2018, German citizens met in Berlin for voluntary participation in a
Citizens’ jury* on climate protection measures. Together they discussed the current
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status of strategies for dealing with climate change. Among the strategies
discussed was the measure "stratospheric aerosol injection", which has just been
presented to you in the information text.

You are about to read an excerpt from a joint statement by the participants of the
Citizens’ jury on the classification of these risks.

*Citizens’ juries consist of citizens who are randomly selected and work over a
period of several days to help making decisions on specific issues. For this purpose,
the participants receive the necessary information and an expense allowance. The
results will be summarised in citizen reports.

Appendix C.
Statement by
source

C.1 Pro-SAI deployment

[. . . ]

The use of this measure [stratospheric aerosol injection] could have further,
previously unknown negative consequences, but it is assumed that global warming
can be slowed down quickly and effectively by this technology.

[. . . ]

We are therefore clearly in favour of the possible deployment of this measure in the
future!

[. . . ]

(Extract from the joint statement of 12.02.2018)

C.2 Contra-SAI deployment

[. . . ]

It is assumed that global warming could be slowed down quickly and effectively
with this measure [stratospheric aerosol injection], but the use of this technology
can have further, previously unknown negative consequences.

[. . . ]

We are therefore clearly against the possible deployment of this measure in the
future!

[. . . ]

(Extract from the joint statement of 12.02.2018)
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C.3 Pro research-SAI

[. . . ]

It is assumed that global warming could be slowed down quickly and effectively
with this measure [stratospheric aerosol injection], but the use of this technology
can have further, previously unknown negative consequences.

[. . . ]

We are therefore clearly in favour of further research. As long as no reliable results
are available, however, we reject the possible deployment of this intervention in the
future.

[. . . ]

(Extract from the joint statement of 12.02.2018)

Appendix D.
Mean values for
acceptance of SAI
and source
credibility

Table 9. Mean acceptance ratings for Solar Aerosol Injection (SAI) for all treatment groups.
Note. The acceptance rating scale ranged from 1 (completely against) to 101 (completely in
favour). The mean values for the control group was M = 54.04 (SD = 17.86).

Politicians Researchers Citizens‘ Jury
Pro M = 58.7

(SD = 22.21)
M = 58.57

(SD = 25.29)
M = 59.52

(SD = 17.71)
Contra M = 48.45

(SD = 23.07)
M = 51.5

(SD = 23.95)
M = 54.34

(SD = 19.51)
Research M = 53.71

(SD = 19.56)
M = 54.24

(SD = 21.09)
M = 56.88

(SD = 20.04)

Table 10. Mean rating of perceived trustworthiness, competence and source credibility for
the different sources.
Note. Source credibility is the overall mean, consisting of the two components trustworthi-
ness and competence.

Politicians Researchers Citizens‘ Jury
Trustworthiness M = 35.79

(SD = 24.36)
M = 64.76

(SD = 24.59)
M = 66.85

(SD = 18.98)
Competence M = 34.53

(SD = 25.47)
M = 65.1

(SD = 24.44)
M = 52.38

(SD = 22.22)
Source credibility M = 35.16

(SD = 24.03)
M = 64.93

(SD = 23.78)
M = 59.62

(SD = 18.85)
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Appendix E.
Contrast table and
regression model
with all treatment
groups

Table 11. Contrast table of the levels of the factor statement.
Note. Post hoc contrasts to indicate differences between the four different factor levels. *p <
.05. **p < .01. ***p < .001.

Contrast B SE B t p
Control – Pro-SAI −4.89 3.15 −1.55 .408
Control – Pro research-SAI −0.86 3.17 −0.27 .993
Control – Contra-SAI 2.63 3.19 0.82 .843
Pro SAI – Pro research-SAI 4.03 2.27 1.78 .284
Pro SAI – Contra-SAI 7.52** 2.30 3.27 .006
Pro research – Contra-SAI 3.48 2.32 1.5 .438

Table 12. Differences in SAI acceptance between the control group and the 9 treatment
groups.
Note. Because residuals suffered from heteroscedasticity, robust standard errors (SE B) were
calculated. N = 568. The treatment factor was dummy coded with the control group serving
as reference category. Adjusted R2 = .014 (p = .013). *p < .05. **p < .01. ***p < .001.

B SE B t p
Intercept 54.04*** 2.33 23.24 < .001
Pro SAI & Politicians 4.66 3.77 1.24 .217
Pro SAI & Researchers 4.53 4.1 1.13 .259
Pro SAI & Citizens’ Jury 5.48 3.29 1.67 .096
Pro research & Politicians −0.33 3.47 −0.09 .925
Pro research & Researchers 0.2 3.65 0.06 .956
Pro research & Citizens’ Jury 2.84 3.6 0.79 .432
Contra SAI & Politicians −5.59 3.96 −1.41 .158
Contra SAI & Researchers −2.54 3.98 −0.64 .523
Contra SAI & Citizens’ Jury 0.3 3.59 0.08 .933

Appendix F.
Item analysis

Table 13. Acceptance of SAI (N = 568, including control group).
Note. Mean inter-item-correlation = .465; Cronbach’s α = .913.

Row Missings Mean SD Skew W(p) Item
Difficulty

Item
Discrimination

α if
deleted

E101_01 0.00% 45.39 29.58 0.04 0.95 (0.000) 0.45 0.768 0.9
E101_02 0.00% 78.47 28.16 -1.38 0.78 (0.000) 0.78 0.539 0.91
E101_03 0.00% 42.31 30.25 0.23 0.93 (0.000) 0.42 0.656 0.905
E101_04 0.00% 51.76 27.21 -0.19 0.96 (0.000) 0.51 0.681 0.904
E101_05 0.00% 52.13 30.05 -0.19 0.95 (0.000) 0.52 0.748 0.901
E101_06 0.00% 50.45 30.17 -0.12 0.95 (0.000) 0.5 0.787 0.899
E101_07 0.00% 56.49 33.09 -0.28 0.92 (0.000) 0.56 0.745 0.901
E101_08 0.00% 41.26 29.41 0.28 0.95 (0.000) 0.41 0.587 0.908
E101_09 0.00% 71.42 31.38 -0.91 0.84 (0.000) 0.71 0.555 0.91
E101_10 0.00% 63.67 30.11 -0.52 0.92 (0.000) 0.63 0.609 0.907
E101_11 0.00% 34.53 26.58 0.43 0.93 (0.000) 0.34 0.555 0.91
E101_12 0.00% 72.98 30.52 -1.03 0.83 (0.000) 0.72 0.573 0.909
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Table 14. Perceived trustworthiness (N = 508).
Note. Mean inter-item-correlation = .815, Cronbach’s α = .963.

Row Missings Mean SD Skew W(p) Item
Difficulty

Item
Discrimination

α if
deleted

SC01_01 0.00% 46.52 29.09 0.09 0.96 (0.000) 0.46 0.786 0.967
SC01_04 0.00% 66.47 26.58 -0.79 0.93 (0.000) 0.66 0.811 0.964
SC01_07 0.00% 55.7 29.44 -0.29 0.95 (0.000) 0.55 0.941 0.95
SC01_09 0.00% 55.78 29.15 -0.27 0.96 (0.000) 0.55 0.946 0.95
SC01_10 0.00% 54.79 29.55 -0.24 0.96 (0.000) 0.54 0.928 0.952
SC01_11 0.00% 55.55 31.13 -0.28 0.94 (0.000) 0.55 0.892 0.956

Table 15. Perceived competence (N = 508).
Note. Mean inter-item-correlation = .818; Cronbach’s α = .964.

Row Missings Mean SD Skew W(p) Item
Difficulty

Item
Discrimination

α if
deleted

SC04_01 0.00% 50.52 29.1 -0.07 0.96 (0.000) 0.5 0.902 0.956
SC04_03 0.00% 50.98 29.29 -0.04 0.96 (0.000) 0.5 0.908 0.955
SC04_04 0.00% 48.53 28.82 -0.02 0.96 (0.000) 0.48 0.879 0.958
SC04_06 0.00% 55.89 29.13 -0.28 0.96 (0.000) 0.55 0.852 0.961
SC04_07 0.00% 51.57 30.19 -0.1 0.96 (0.000) 0.51 0.901 0.956
SC04_08 0.00% 47.31 30.36 0.06 0.95 (0.000) 0.47 0.869 0.959

Table 16. Source credibility (N = 508).
Note. Mean inter-item-correlation = .757; Cronbach’s α = .974.

Row Missings Mean SD Skew W(p) Item
Difficulty

Item
Discrimination

α if
deleted

SC01_01 0.00% 46.52 29.09 0.09 0.96 (0.000) 0.46 0.815 0.973
SC01_04 0.00% 66.47 26.58 -0.79 0.93 (0.000) 0.66 0.773 0.973
SC01_07 0.00% 55.7 29.44 -0.29 0.95 (0.000) 0.55 0.88 0.971
SC01_09 0.00% 55.78 29.15 -0.27 0.96 (0.000) 0.55 0.889 0.971
SC01_10 0.00% 54.79 29.55 -0.24 0.96 (0.000) 0.54 0.909 0.97
SC01_11 0.00% 55.55 31.13 -0.28 0.94 (0.000) 0.55 0.869 0.971
SC04_01 0.00% 50.52 29.1 -0.07 0.96 (0.000) 0.5 0.856 0.972
SC04_03 0.00% 50.98 29.29 -0.04 0.96 (0.000) 0.5 0.869 0.971
SC04_04 0.00% 48.53 28.82 -0.02 0.96 (0.000) 0.48 0.884 0.971
SC04_06 0.00% 55.89 29.13 -0.28 0.96 (0.000) 0.55 0.912 0.97
SC04_07 0.00% 51.57 30.19 -0.1 0.96 (0.000) 0.51 0.842 0.972
SC04_08 0.00% 47.31 30.36 0.06 0.95 (0.000) 0.47 0.792 0.973
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Appendix G.
Items (translated
from German) Table 17. Items used for analysis (translated from German).

Variable, item Response scale
Source credibility — Trustworthiness “I don’t agree at all (1) -

“I agree completley” (101)Concerning climate protection and stratospheric aerosol injection. . .
. . . I trust the Bundestag Committee / Researchers / Citizens’ Jury.
. . . I think that the Bundestag Committee / Researchers / Citizens’ Jury has good intentions.
. . . I consider the Bundestag Committee / Researchers / Citizens’ Jury to be honest.
. . . I consider the Bundestag Committee / Researchers / Citizens’ Jury to be sincere.
. . . I consider the Bundestag Committee / Researchers / Citizens’ Jury to be trustworthy.
. . . I think that the Bundestag Committee / Researchers / Citizens’ Jury acts in the best
interest of the population.
Source credibility — Competence “I don’t agree at all (1) -

“I agree completley” (101)Concerning climate protection and stratospheric aerosol injection. . .
. . . I consider the Bundestag Committee / Researchers / Citizens’ Jury to be competent.
. . . I think that the Bundestag Committee / Researchers / Citizens’ Jury can assess the situ-
ation well.
. . . I think that the Bundestag Committee / Researchers / Citizens’ Jury is able to make a
judgement that is satisfactory for all parties concerned.
. . . I consider the Bundestag Committee / Researchers / Citizens’ Jury to be reliable.
. . . I consider the Bundestag Committee / Researchers / Citizens’ Jury to be professional.
. . . I consider the Bundestag Committee / Researchers / Citizens’ Jury to be experienced.
Acceptance of SAI “I don’t agree at all (1) -

“I agree completley” (101)I am a supporter of the stratospheric aerosol injection measure.
I think stratospheric aerosol injection should be further researched.
I would vote for a party that supports the use of stratospheric aerosol injection.
I believe stratospheric aerosol injection to be effective.
Stratospheric aerosol injection should be used to combat climate change.
The possible deployment of stratospheric aerosol injection gives me hope.
I reject the use of stratospheric aerosol injection.
The possible deployment of stratospheric injection worries me.
I would demonstrate against the deployment of stratospheric aerosol injection.
I consider stratospheric aerosol injection immoral.
I think that stratospheric aerosol injection involves many risks.
I reject further research into the stratospheric aerosol injection measure.
Uncertainty “I don’t agree at all (1) -

“I agree completley” (101)I have no clear opinion about stratospheric aerosol injection.
I do not know how to think about the possible use of stratospheric aerosol injection.
Overall, I am very unsure about my opinion of stratospheric aerosol injection.
Prior knowledge - “Heard a lot about it”

- “Heard little about it”
- “Never heard of it
before”

Have you ever heard about SAI before?
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