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Abstract Reviewing the existing studies of public perception and drawing analogies from
other risk technologies, this paper explores the public positions on research and implementa-
tion of geoengineering as a means to combat climate change. Existing studies on
geoengineering perceptions show low levels of awareness and a lack of knowledge. Hence,
existing attitudes on geoengineering can be judged instable and stimulus-dependent. When
judged in isolation, at least one third favors the use of geoengineering technologies preferring
CDR over SRM technologies; when judged in comparison to other climate mitigation options,
approval rates lose considerably support. Moreover, people seem to cautiously support
research but oppose deployment while attitude formation depends on personal values and
belief systems. The results of the empirical studies were fed into a Delphi workshop with
experts for reflecting on the future development of public opinion and for designing a
communication and public involvement process that corresponds to the empirical insights
gained from the perception studies.

1 Introduction

The term geoengineering can be defined as deliberate, large-scale manipulations of the Earth’s
environment, which are designed to offset the harmful consequences of anthropogenic climate
change (NAS 1992; The Royal Society 2009). Geoengineering includes many options that can
be summarized in two major categories: carbon dioxide removal (CDR) and solar radiation
management (SRM). Carbon dioxide removal is linked to long-term sequestration of atmo-
spheric carbon dioxide in forests, agricultural systems, or through direct air capture and
geological storage (Ipsos-MORI 2010). SRM technologies promise to increase the reflectivity
of the Earth’s atmosphere or surface, in an attempt to offset some of the effects of anthropo-
genic climate change.

Uncertainty about the potential opportunities and risks of geoengineering is one of the most
significant factors determining whether it will be accepted by society. Gaps in the current state
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of knowledge render it difficult, or even impossible, to estimate the probability of individual
geoengineering strategies causing particular effects, the likely intensity of such effects, or the
severity of the damage that would result. How to deal with these uncertainties is highly
contested in the expert communities that deal with geoengineering. An even more pressing
issue is the perception of the geoengineering opportunities and risks by stakeholders and the
public.

Risk-benefit perception is, however, not only determined by contemplating and evaluating
scientific judgments; it is also the product of personal values and opinions and of general
attitudes towards risk. Arguments stemming from natural ethics or justice theories are also
taken into account; these may manifest themselves, to name just one possibility, in a general
distrust of technology or engineered safety.

This article focuses on the public perception of geoengineering and its consequences for
designing and planning a public communication and involvement program. Section 2 sum-
marizes and synthesizes the studies that have been conducted on public responses to
geoengineering. Section 3 reports the findings of a Group Delphi expert workshop and outlines
the method used. Section 4 presents strategies to design a communication program based on
the empirical data while section 5 summarizes the focal points.

2 Research on public perception of geoengineering

Academic research and publication on Geoengineering received a substantial boost in partic-
ular in the Anglo-American science communities since the turn of the century. Although first
scientific discussions go way back to the 1970s (Marchetti 1976), Paul Crutzen’s (2006) call
for an active scientific research on geoengineering in 2006 inspired a major debate on Solar
Radiation Management and other geoengineering techniques among science communities,
policy circles and the media. The science literature assesses and evaluates the multi-faceted
rationales and impacts of geoengieneering. Emphasis is on facets, such as its effectiveness and
scalability (Bipartisan Policy Center Bipartisan Policy Center Task Force on Climate
Remediation Research 2011; Ricke et al. 2011), technical feasibility (Zeebe and Archer
2005; Stolaroff 2006) and economic costs (McClellan et al. 2010; Rickels et al. 2011),
sustainability issues and environmental risks (Mayo-Ramsay 2010), ethical issues (Bunzl
2008; Preston 2012), national and global governance challenges, and legal and regulatory
aspects (Banerjee 2011). The most comprehensive bibliographical database issued by the
University of Montana lists approximately 600 academic publications on geoengineering
(University of Montana 2012). In spite of the fact that the number of publications grew
substantially over the years, systematic data and analyses covering the topic of public
awareness, understanding and acceptance towards geoengineering is comparatively small. A
first overview on the state of the art of public perception and stakeholder perspectives is given
by Corner et al. (2012).

To our knowledge, a limited number of empirical studies based on quantitative and/or
qualitative methods are published investigating public perception of geoengineering. Relying
on a quantitative survey design Leiserowitz added a single question on geoengineering to a
larger US survey (Leiserowitz et al. 2010), while Mercer et al. (2011) conducted a study on
public understanding of solar radiation management based on an Internet survey completed by
3105 participants in Canada, the United Kingdom and the United States. Borick and Rabe
(2012) published data on attitudes among Americans from a telephone survey based on 887
surveys completed. In the UK, the first study was published in early 2010 by Cardiff
University (Spence et al. 2010). The core of this quantitative study was a representative
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survey for the UKmeasuring public perception of climate change and energy futures in the UK
but also included a smaller section on views and opinions on geoengineering. An international
comparative approach has been used by Bostrom et al. (2012) surveying undergraduate
students (n=664) from Austria, Bangladesh, Finland, Germany, Norway and the USA. The
survey focused on investigating their attitudes, beliefs, and support for policy alternatives to
address climate. Kahan et al. (2014) conducted a two-nation study in the US and the UK
investigating science communication, for instance, whether the exposure to information on
geoengineering would provoke discounting of climate-change risks generally among
participants.

A pure qualitative design is also widespread among geoengineering perception studies. The
UK’s Natural Environmental Research Council published Experiment Earth? in early 2010
(Ipsos-MORI 2010), a report on public dialogues held in Cardiff, Birmingham and St Austell
on geoengineering combining three general discussion groups, two specialized discussion
groups focusing on people at risk of flooding and young people (16–18), and a qualitative
online survey. Corner et al. (2013) carried out four deliberative workshops with public
participants investigating – among others – whether geoengineering represents an unprece-
dented human intervention into ‘nature’. Another study analyzed public requirements and
implications for solar radiation management governance based on seven focus groups in three
UK cities (Durham, Newcastle and London) (Macnaghten and Szerszynskic 2013). Parkhill
and Pidgeon (2011) used three deliberative workshops to explore public engagement on
geoengineering research carried out in the SPICE-project which were also published as
Pidgeon et al. (2013) reporting around the SPICE aerosol deployment test-bed. Feetham
et al. (2012) used an explorative design based on 15 depth interviews in New Zealand in
order to research the public’s evoked associations on techniques of geoengineering.

Combining qualitative and quantitative methods the United States Government
Accountability Office (GAO 2011) carried out focus groups and fielded a survey among
US residents 18 years or older (n=1,006). Bellamy and Hulme (2011) explored the
influence of personal values and ontological beliefs on people’s perceptions of possible
abrupt changes in the Earth’s climate system and on their climate change mitigation
preferences using a quantitative internet-based questionnaire followed up by two focus
groups. Pidgeon et al. (2012) presents both qualitative data from an interview study
conducted in 42 households, and a further analysis of the quantitative data reported by
Spence et al. (2010).

These studies produced several interesting insights on public responses to various
geoengineering options, which can be grouped into three categories: awareness, understand-
ing, and attitudes. The core findings in these categories are described in more detail below and
can be summarized as follows: Geoengineering awareness among the public is still on low
levels and increases when involved into engagement processes. Correspondingly, the state of
geoengineering knowledge is very limited and people tend to (wrongly) connote with areas
they are more familiar with. Hence, existing attitudes on geoengineering can be judged instable
and stimulus-dependent. When judged in isolation, at least one third favors the use of
geoengineering technologies preferring CDR over SRM technologies; when judged in com-
parison to other climate mitigation options, approval rates lose considerably support. However,
people also overwhelmingly are concerned that geoengineering does more harm than good.
The ambivalent attitude on geoengineering exemplifies in distinctive perception of
geoengineering research and deployment. People seem to cautiously support research but
oppose deployment. Attitude formation on geoengineering depends on personal values and
belief systems of individuals and reflects how people estimate climate risks and their under-
standing of nature.
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2.1 Awareness: low levels of geoengineering perception

Awareness of the emerging geoengineering technologies among the public is rather low,
although more recent studies indicate an increase in public awareness rates. A survey in the
US revealed 74 % of respondents knew nothing about geo-engineering (Leiserowitz et al.
2010). This is in line with a UK survey which showed that only 7 % of the respondents
reported they would know a fair amount or more about geoengineering while 75 % had never
heard or knew almost nothing about it (Spence et al. 2010: 20). The cross-country survey
covering UK, US and Canada, however, showed substantially higher awareness rates. The
term geoengineering is known by 20 %; the term climate engineering even tops this level with
24 % (Mercer et al. 2011: 4). As shown in the GAO survey (2011) 65 % of respondents, even
when provided with information beforehand, would not have recalled hearing or reading
anything about geoengineering technologies. Not surprisingly, awareness increases among
participants when involved in dialogue processes. Awareness and knowledge of
geoengineering were low prior to dialogue sessions while during the deliberative processes,
views on geoengineering became more sophisticated and discriminating (Ipsos-MORI 2010).

2.2 Understanding: lack of knowledge and compensation mechanisms

Understanding in a sense of being able to place geoengineering in the larger context of climate
change policies, has been analyzed by several studies. First, Leiserowitz added a single
question on geoengineering to a larger questionnaire on climate change. The study showed
that only 3 % of Americans were able to provide a correct definition and prescription of
geoengineering (Leiserowitz et al. 2010). In a more refined survey design differentiating
between geoengineering and climate engineering Mercer et al. (2011: 4) revealed that only
8 % of the respondents had an approximately adequate understanding of geoengineering
whereas a surprisingly high figure of 45 % was able to provide a coherent and adequate
explanation of climate engineering. The correct understanding of geoengineering was opera-
tionalized by demonstrating knowledge about certain instruments (manipulating weather
processes: 34 %, cloud seeding: 6 %) and also human intervention to combat climate change.
As shown in several studies due to a lack of knowledge people wrongly associate
geoengineering often with engineering technologies in the field of energy and in particular
with geothermal energy (Mercer et al. 2011; Pidgeon et al. 2012).

2.3 Attitudes: individual positions and their driving factors

Research on awareness and understanding suggest a modest level of knowledge among the
public. A low level of awareness and understanding correlates with a low level of exposure to
information, it also corresponds in some studies with low levels of education and political
interest. The low awareness rate brings into question the validity of attitude tests. Since many
respondents seem to form opinions during the interviews, attitudes expressed are often
stimulus-dependent and certainly not stable. Unstable and changing views and estimations
have been labeled as ‘pseudo-opinion’ (Bishop et al. 1980) and ‘non attitudes’ (Converse
1970) hinting to the considerable instability of opinions on matters not well known among the
public. The following results should be interpreted against this background.

Attitudes on the use of geoengineering technologies for combating climate change depend
on how they are framed and whether they are discussed in isolation or in the context of a wider
range of climate and energy measurements. Judged in isolation, geoengineering technologies
receive approval rates among respondents between 30 and 50 % while a large part is

Climatic Change



indecisive. Almost half of all respondents in the UK (47 %) tend to support geoengineering
approaches to fight global warming while only 4 % were strictly opposed. The majority
(50 %), however, was still uncertain about their preferences (Spence et al. 2010). The cross-
country study carried out by Mercer et al. revealed the majority of respondents held a
moderately positive view on the issue whether Solar Radiation Management (SRM) should
be used as a solution to global warming while 25 % of respondents were still unsure (Mercer
et al. 2011: 4). However, when framing the use of geoengineering technologies doing harm or
good for the environment people tend to be more skeptical with roughly 7 out of 10 strongly/
somewhat agree (Borick and Rabe 2012). Alike, the survey undertaken by the United States
Government Accountability Office indicated that some 50 % or more were somewhat to
extremely concerned that geoengineering could be harmful (GAO 2011). When judged against
the background of further climate mitigation options, geoengineering technologies loose
considerably acceptance. Business and economic students were far more supportive for general
green policy actions (i.e., funding research on renewable energy solutions, planting trees, and
reducing air pollution from toxic chemicals) than for geo-engineering options (Bostrom et al.
2012). Similarly, the GAO (2011) survey found out much stronger support for energy
efficiency and renewable technologies than for geoengineering options.

Within the set of available geoengineering technologies people distinguish between favor-
able and non-favorable options (The Royal Society 2009; Spence et al. 2010; Ipsos-MORI
2010, Wright et al. 2014). CDR technologies received the strongest support with afforestation
on top and, in particular, air capture and biochar gaining positive affirmation (Ipsos-MORI
2010). The main arguments to prefer CDR over SRM technologies referred to the potential of
carbon dioxide removal to tackle the cause of climate change and not its consequences.
Furthermore, it was believed that using CDR would bring the environment back to its
balance while SRM measures are not controllable, are likely to be irreversible, impose costs
and risks onto others and may not be effective enough. Pidgeon et al. (2012) found out
correlations between geoengineering knowledge and support. The more people knew about
CDR the more they support these measurements. In contrast, the more people knew about
SRM, the less they support these options.

Literature also revealed a clear distinction between perception of geoengineering research
and deployment. This can be summarized as cautious support for research but opposition to the
deployment of geoengineering options. Mercer et al. (2011): 4) found high support for
allowing scientists to study SRM with 72 % of respondents somewhat or strongly in favor
while only 14 % opposed this proposition and 13 % were undecided. The Ipsos-Mori study
also found cautious support for research in geoengineering. However, support for research is
tied to certain pre-conditions (Ipsos-MORI 2010): geoengineering should add to and not
replace mitigation efforts, scientists should not release major interventions into the natural
systems without knowing the extent of consequences, research should progress in small steps
so no irreversible long-term damaging effects would occur, and decision makers and author-
ities should develop an intervention plan with a clear timeline specifying when action is
needed. Thus, no carte blanche was given to increased research on SRM. However, there is
also empirical evidence of skepticism about people largely supporting cautious research
(Macnaghten and Szerszynskic 2013).

Another dimension of geoengineering related perception research deals with identifying
external variables affecting the formation of attitudes and opinions. Bellamy and Hulme (2011)
explored the influence of personal values and ontological beliefs on people’s perceptions of
possible abrupt changes in the Earth’s climate system and on their climate change mitigation
preferences. Thus, worldviews and normative sets of beliefs that people hold are an impact
factor on how people perceive geoengineering. They found out that those who were in favor
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tended to display what they call a hierarchist bias. In contrast, those participants displaying an
egalitarian bias (society should be more equal) warned of the possible dangers of using
geoengineering, advising extreme care over its use or denouncing it completely.

The relation of mankind to nature is another highly relevant issue in perception patterns of
geoengineering. Corner et al. (2013) found out that one narrative was exceptionally dominant:
the (contested) idea that geoengineering means ‘messing with nature’. The images and con-
ceptions of ‘nature’ that people have in mind play a crucial role in the way how people
perceive and judge on geoengineering technologies. As a consequence, those with a positive
or negative perception of geoengineering tended to invoke conceptualization of nature that
closely relate to this perspective.

The framing of the climate debate is another impact factor for geoengineering perception.
Ipsos-MORI (2010) found out that the framing of the climate debate essentially influenced the
perception of geoengineering. Since geoengineering is closely related to climate change, a
crucial question is the impact on media frames (how climate change is framed in the media at
the time of the discussion) on individual assessments of geoengineering. The more mitigation
is endorsed in the media the less attractive geoengineering fares in public opinion polls. But
also the other way around is true. Learning on geoengineering impacts the perception of
climate risks. As Kahan et al. (2014) have shown people who perceive risks of climate change
as minimal change towards higher climate change risk perception when learning about
geoengineering.

3 Reflections on conflict potential by social science experts

Based on the main findings from research on public perception of geoengineering it is difficult
to draw a picture or even a scenario on how public opinion will develop over time and how
much conflict will be associated with new research or implementation policies. For the sake of
getting a consistent and knowledge driven assessment of public responses to future
geoengineering initiatives, the authors conducted an expert workshop for obtaining calibrated
judgments on the potential for social and cultural conflicts associated with geoengineering
(Renn et al. 2011). The workshop was organized as a Group Delphi process (Schulz and
Renn 2009), a discursive method we will outline in the following. Recruitment criteria
comprised involvement of: i) experts from various disciplines engaging in the field of
geoengineering and climate change, ii) representing science and civil society, iii) with a
mixture of senior and junior levels. Experts have been identified and chosen by review of
literature, our own knowledge of experts in the field and recommendations from col-
leagues. As a result, twelve representatives from the social sciences, philosophy, com-
munications studies and the natural sciences participated in the exercise. Table 1 outlines
details of Delphi workshop participants.

3.1 The group Delphi process

The Delphi method is a widely used methodology to assess and calibrate expert judgments on
topics for which only uncertain or incomplete knowledge is available (Hill and Fowles 1975;
Benarie 1988). There are several variations of the Delphi method, but all of them are based on
an iteration process with at least two assessment rounds, in which the numerical results
(means, standard deviations of the expert judgments’ distributions) of the previous rounds
are communicated to the experts prior to a new evaluation. This feedback process ensures that
the experts are aware of the views of other experts and consider the distribution of expert
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judgments when making a new assessment. Such an iterative process can continue as long as
experts change their judgments when confronted with the judgments of others (Mintroff and
Turoff 1975).

The special variant, Group Delphi, has been developed in the 1990s as a modification of the
traditional Delphi method (Schulz and Renn 2009; Webler et al. 1991; Renn and Webler
1998). In this process 12–36 experts meet face-to-face for 1 day or 2 days in a consecutive
order of small group meetings and plenary feedback sessions. The experts are selected by the
organizers. The two main selection principles are competence (scientific standing) and diver-
sity (representing the full scale of opinions and camps). The group Delphi begins with a
random assignment of each participant to a group of 4–6. Each group is given the identical
questionnaire and each statement allows respondents to vote for different degrees of agreement
or disagreement. After the group has reached a group judgment (or in case of dissent different
judgments), they convene in a plenary session in which the moderator asks only the represen-
tatives of the extremes on both sides of the distribution to defend their position publicly. Then
the participants form again small groups (this time according to the principle of permutation so
all former groups are represented in the new group with one participant each). Given that they
had heard justification for extreme values they will re-consider their own judgments and come
up with a new assessment. This consecutive process of group meetings and plenary sessions

Table 1 Information on participants attending the Group Delphi Workshop

affiliation/position professional
background

expertise

Science/Professor Psychology Judgment and decision making; Decision
consulting:; Behavioral Finance; Safety analysis

Science/Professor Sociology, philosophy Technology and society; theory of scientific
knowledge; Common Goods

Church/Commissioner for
the Environment of the
Evangelical Lutheran Church

Evangelical theology,
philosophy

Ethics and the environment

Science/Professor Physics Atmospheric Physics; Aerosol Physics;
Laser- and Mass Spectrometry

Science/Research Assistant Psychology The Global Governance of Climate Engineering;
Industrial and Organizational Psychology

Science/Graduate Student Political Science Political Economy of Geoengineering

Science/Graduate Student Political Science Influence of national risk cultures on a prospective
regulation of geoengineering.

Consultant/Director n.a. Innovation and future research; sustainable
development

Science/Professor emeritus Sociology Sustainable development and regions; Global
Problems and Future-Oriented Studies

Science/scientific staff member Meteorology,
oceanography

Modeling of atmospheric transport of air pollutants;
awareness of greenhouse effect; historical
development of climate modeling.

Civil Society/Spokesperson Political Science,
journalism

Communicating issues of sustainable development
to the wider public

Science/Graduate Student Political science,
journalism

Marketing of science, climate and environmental
policy

Source: own elaboration
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can be repeated until no changes in assessments are made any more. Normally this is the case
after two to three iterations.

What are the advantages of a group Delphi compared with the traditional Delphi or
similar assessment processes? First, the group process assures that assessments reflect
not only numerical degrees of acceptance of a statement but also verbal arguments that
support each numerical judgment. Second, the process is rather efficient because in the
plenary feedback sessions only the representatives of the two extremes on each side of
the distribution need to defend their judgments so that all participants are informed
about the arguments for major dissents. Third, the process of interaction is optimized
since, after the first round of group sessions based on random distribution, all consec-
utive groups are systematically permutated so that at least one member of each previous
group is represented in each one of the following groups. Fourth, the consecutive order
of small group assessment and plenary sessions eliminates semantic misunderstandings
or errors with respect to the meaning of the questions and leads to an effective
calibration process. If done correctly, the group Delphi represents the true distribution
of judgments of a group of experts once they have informed each other about their
arguments and insights and all semantic or numerical ambiguities have been resolved.

3.2 Potential for conflict

The experts were united in their opinion that the broad application of geoengineering has the
potential to engender conflict: Large-scale geoengineering experiments involving research on
how the technology works were rated as particularly controversial if atmospheric modification
with sulphur particles were involved. Ocean fertilization would also be controversial, but not to
quite the same degree. The experts held that cloud seeding had medium potential to generate
conflict, and that the potential of afforestation measures to generate conflict would be low. The
spatial proximity of measures was judged to be important in the case of all technologies. The
closer the geographical ties to the site to deployment, the higher the conflict potential of any
given technology would be. The expert views, hence, reflect lay people’s preferences of CDR
over SRM.

The question about conflict potential in society brought forth the same ranking:Modification
of the atmosphere by spreading sulphur particles was seen as more controversial than ocean
fertilization with iron which in turn was seen as more serious than cloud seeding and ultimately
afforestation. The values for conflict potential were even more striking when participants were
asked to assume that the respective initiatives took place in or above Germany and against the
will of the UN and many developing countries. The ranking was turned on its head when
participants were asked to consider a scenario in which Germany refused to participate despite
international requests to do so. The experts estimated that the potential for conflict in the event
of Germany refusing to participate in geoengineering measures would be low. It was remarked
that Germany is not affected by climate change as strongly as other countries so that the fear of
negative climate change impacts would not be a main driver for preference reversal in the
medium and long term. Solidarity protests could be expected, but not on a large scale.

The greatest potential for conflict would originate with environmental NGOs. The experts
expected that these groups would articulate the greatest protest in response to the modification
of the atmosphere with sulphur particles and the least protest in response to afforestation
measures. The spreading of sulphur particles without broad international agreement (secured,
for example, within a UN framework) would lead to strong protests from NGOs, and these
would receive support from the solar technology sector and organizations with close ties to the
sector of renewable energy. In the case of afforestation, the potential for conflict would depend
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strongly on the actual scenario involved, as the use of space and competition for land for food
production would vary widely according to the areas selected for afforestation and the intensity
of measures. Differences in evaluation here also result from different levels of knowledge of
the method deployed and on the associations it would evoke. Intuitively and by tradition,
environmental groups normally welcome afforestation. The opportunity costs of land use that
would arise if large-scale, climate-relevant measures were initiated are not visible at first sight.
However, parallels were drawn to the conflict resulting from the colliding aims of using land
for food production and for energy production (conversion of biomass). This latter conflict is
now widely recognized.

In the case of ocean fertilisation, the experts expected protest to emanate from environ-
mental NGOs and water-based businesses. The experts were divided about the position of the
fisheries sector to be drawn into the conflict. Dissenting views emerged here largely because
estimates of how much the fisheries sector would associate positive or negative effects on fish
stocks. These differences were largely resolved in the plenary discussion: participants ulti-
mately assumed that the fisheries sector would welcome ocean fertilization, since it would
probably be seen as a welcome opportunity to replenish fish stocks that have been depleted
significantly by overfishing.

3.3 Comparisons with other discourses about contested technologies

The Delphi workshop also discussed the geoengineering debate as it compares with previous
technology debates and their attendant conflicts (genetic engineering, nuclear energy, waste
incineration etc.).

& In the case of modification of the stratosphere, clear parallels with nuclear energy were
drawn, principally because of the long-term effects spanning over several generations.

& In the case of ocean fertilization, parallels to debates over organic agriculture and genetic
engineering were drawn, as effects on biodiversity and ecology could be expected here.

& In the case of afforestation parallels were drawn to flood defense systems and the
designation of flood overflow areas. Most prominent, however, were comparisons with
land use competition for producing fuel or food.

Reference was also made to NOT-IN-MY-BACKYARD (Nimby). This effect could be
effective in the afforestation case if Germany were chosen for afforestation measures. The
NIMBY effect is less applicable, however, to other geoengineering options, as the physical
distance to the deployment site would be greater.

3.4 Opportunities for public participation in cases of conflict

The members of the group Delphi process discussed the opportunities of the public to
participate in the debate and explored the possible pathways to facilitate such a debate.
Measures allowing participants to convey their standpoints to decision-makers as opportunities
for public involvement were primarily discussed within the German legal and political context.

The experts emphasized the need to inform the public more intensively about all the
different key aspects of geoengineering in order to create a solid basis for a democratic
decision-making process. Hence, the experts acknowledge the currently low geoengineering
awareness among the public recommending further engagement processes to overcome lack of
knowledge, wrong connotations and unstable attitudes on geoengineering as identified by
perception studies.
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The communication and discourse strategies used should allow the topic to be presented
attractively and in a manner that non-specialist audiences could readily comprehend. The aim
should neither be to advertise geoengineering nor to scare the public. The experts also agreed
that the interpretations of stakeholders and of non-specialists could contain information which
would be valuable in the context of formulating policy, and that this represented a good reason
to start informing the public about geoengineering sooner rather than later. As today’s state of
knowledge is characterized by vague assumptions and uncertainties, this level of uncertainty
and vagueness – particularly relating to geoengineering side effects – should be clearly
communicated. The experts considered that around 30 % of the information presented would
ideally explain the relevant processes and technologies, with the other 70 % of space being
given over to a discussion of their potential benefits and risks. A proactive presentation of the
facts only (with a view to manipulating public opinion) was rejected unanimously. This
strategy aims to meet driving factors of attitude formation such as subjective risk perception
patterns, conceptualization of nature and the differing estimates of climate change as identified
by perception studies.

The experts also saw a need for proactive conflict resolution. The capacity of a participatory
measure to contribute to a de-escalation of conflict depends on the extent to which a conflict
has already pervaded society and contributed towards its polarization. Participation processes
such as focus groups, open Internet forums or conferences (with public participation), and
closed Internet forums or conferences were recommended as suitable formats for communi-
cation at an early stage in debates.

Later on, if conflicts have already begun to emerge, they appear less suitable as a method
for re-establishing communication with a wider public. In this stage, conflict mediation and
public forums may be more appropriate. The expert Delphi participants considered that the
public is not currently well-informed enough for using representative polls as a means for
establishing the informed preferences of the population.

The Delphi replicated the familiar controversy between the adherents and oppo-
nents of direct democracy (as applied through referendums or plebiscites). The Delphi
participants discussed the potentials and problems of more direct democracy, with one
group pointing out that normative arguments (the sovereignty of the people) favored
more plebiscitary elements, and the other arguing that continuity and consistency
could only be maintained on the basis of governance by committees of representa-
tives. This fundamental conflict, which was not resolved, remained controversial
throughout the entire Delphi process.

Participants did however agree that more plebiscitary elements could be useful in
connection with geoengineering provided that other techniques for facilitating partic-
ipation (such as round tables, citizen forums or mediation) were deployed beforehand
in order to prepare the ground for them and ensure that all relevant arguments would
receive a hearing in public. Combinations of different participation techniques would
be ideal (hybrid processes). More specifically, participants highlighted opportunities to
combine stakeholder debates (round tables, mediation, arbitration) with formats for
citizen participation such as consensus conferences, citizen forums or citizen confer-
ences. All groups in the Delphi agreed that such a hybrid process should also include
virtual meetings visible to all, or closed online conferences. Three out of four groups
suggested conducting focus groups and citizen conferences or other forms of direct
participation by the public with informed reporting back of preferences to policy
makers. It was recommended that representative polls should only be carried out after
information on climate engineering had been distributed widely, for example through
the media.
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4 Development of communication and discourse strategies

Consensus exists in the literature (Spence et al. 2010) as well as among the experts of the
Delphi process (Renn et al. 2011: 47) that even at this early stage in the development of
geoengineering, it is already necessary to provide the public with sufficient information about
the topic to cope with low levels of awareness and knowledge. A comprehensive communi-
cation program is recommended that should treat geoengineering technologies in the light of
the wider debate on climate change, emission control, mitigation and adaptation in order to
consider driving factors of geoengineering opinion-building. Guided by the precautionary
principle, a communication program could focus more on the potential opportunities and risks
of geoengineering than on explaining technical details of how it works. Together with
sufficient information on opportunities and risks, the level of uncertainty involved is important
to mention and should hence be highlighted as a central issue of communication.

The Delphi experts agreed that the desired dialogue with the public should keep pace with
scientific research on the advantages and disadvantages of geoengineering technologies. This
way, it would be possible to keep track of the current debate about acceptability of side effects
in the light of the latest research and to evaluate geoengineering technologies as one option
among many comprehensive climate protection policies.

Based on the results of the experts from the Delphi and the literature review we propose a
three-stage plan designed to integrate citizen participation in this process:

& Provision of extensive information and communication via the Internet and through public
institutions active in the wider context of the climate change debate (relationship to
mitigation and adaptation, global climate governance, etc.).

& Organization of round tables or forums with stakeholders to identify the interests and
preferences of organized groups in matters relating to geoengineering research and
deployment.

& Organization of (web-based) citizen forums or citizens conferences to assemble informa-
tion on the wishes, concerns, and ideas of citizens who are not affiliated with specific
organizations and to feed this information back into the formulation of policy.

When and if concrete geoengineering deployments are considered in the future, specific
round tables or other formats should be used in line with the three stage plan in order to convey
informed preferences to decision-makers.

In addition, knowledge, attitudes, and mobilization potential should be systematically
recorded at regular intervals. The background conditions and the priorities set by actors must
be understood better as they progress over time and in the complex, dynamic context of
opinion-formation and mobilization mechanisms. For that reason, the interplay between the
parameters of information reception, understanding of risk, and uncertainty should be inves-
tigated in order to gain a clear idea of (i) the degree to which consensus is possible, (ii) where
the opportunities actually lie for participating in deliberative decision-making on
geoengineering technologies, and (iii) what restrictions exist on participation.

5 Conclusions

Irrespective of whatever role individual geoengineering measures might play in climate
protection in the future, it is obvious that the discussion surrounding research into these
technologies and their implementation cannot be considered in isolation. The policies that
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lie ahead for society need to find approval by stakeholders and the public at large. At this point,
there is still very little social science research on the social implications of geoengineering.
Some scientific publications do draw attention to social aspects of climate change, and the
importance of dialogue with the public is highlighted in many social science studies on
geoengineering. Yet empirical studies about people’s attitudes or social group positions are
limited.

Based on the existing studies one can conclude that the current level of knowledge in the
population regarding climate engineering is low. Even though climate engineering has been
discussed more intensively and for longer in the US than in Germany, almost three quarters of
the American population had never heard of such measures and only 3 % had a realistic idea of
what these measures might involve.

At this point in time the future of the geoengineering debate and the response of the
public cannot be predicted given the scarcity of the data. However, a positive attitude
towards geoengineering among stakeholders and the public at large appears to be highly
unlikely in Germany and probably beyond. Studies on attitude formation show that many
respondents are still undecided while the others fall into two distinct categories of
supporters and distractors. There is lots of potential for conflict and political mobiliza-
tion. Conclusions derived by drawing parallels with other technological debates (carbon
capture and storage, genetic engineering, biofuel, nuclear energy, etc.) give some indi-
cation of how the population might react to geoengineering initiatives. What all of these
areas have in common is that the chances and opportunities were presented first,
relatively euphorically, while the risks were downplayed. Over the course of the time
the risks eventually came to occupy dominant positions in the respective debates. This is
also likely to happen in this new policy arena unless risk and benefits become equally
important topics in the debate.

In the light of these results, we recommend that further and more thorough investigations of
public attitudes, concerns and uncertainty in relation to geoengineering should be conducted in
parallel with technological research and development work and with a public dialogue with
stakeholders and citizens. This dialogue should first involve stakeholders and then be extended
to cover the public at large.
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