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Abstract:

Despite the global reach of climate engineering, previous studies on perception of this technology were mostly
limited to the Western countries. Here, we present the results of an online survey conducted in March, 2011, in
Japan. Each of approximately 4000 respondents read a short article, which was randomly chosen from four
kinds prepared with slightly different framings. Common across respondent groups with different articles
were cautious attitudes toward the deployment of stratospheric aerosol injection and strong support of research.
The high level of support for research can be explained by trust in university researchers and international
organizations. Two follow-up classroom surveys (conducted in 2012 and 2014) showed that university students,
who learned more about the technique’s limitations in a short lecture, also expressed endorsement for
investigation. Nevertheless, in one survey where indoor research was distinguished from outdoor studies, the
overall support level decreased, with the former preferred to the latter. Our results only capture a snapshot of the

public perception, which will change along with the public debate on climate engineering research.
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1. Introduction
1.1. Climate engineering and upstream engagement

In response to an increased interest in the controversial option called climate engineering, many analysts are
calling for global public engagement (Corner et al. 2012; Carr et al. 2013). Climate engineering, or
geoengineering, is a catch-all phrase to describe a set of techniques to intentionally intervene in the global
climate system to counteract climate change (Royal Society 2009; IPCC 2012; NRC 2015). Stratospheric
aerosol injection, a proposal that belongs to the category of solar radiation management (SRM), is receiving
particular attention. Modeling studies are beginning to demonstrate benefits and risks of this technique (Kravitz
et al. 2013).

The concept is new and people have only a vague idea about these technologies. However, based on the
lessons from past emerging technology controversies, it is desirable to engage the global public from the early,
upstream stage of research (Wilsdon and Willis 2004; Carr et al. 2013).

As reviewed by Corner et al. (2012) and Scheer and Renn (2014), initial attempts have been made to engage
a small part of the public in workshops, and to evaluate their opinions in public surveys (Royal Society 2009;
Ipsos-MORI 2010; Leiserowitz et al. 2010; Spence et al. 2010; Mercer et al. 2011; Parkhill and Pidgeon 2011;
US GAO 2011; Bostrom et al. 2012; Pidgeon et al. 2012; Corner et al. 2013; Pidgeon et al. 2013; Merk et al.
2015)3 (Hereafter we refer to Mercer et al. 2011 and Merk et al. 2015 as M11 and M15, respectively). The
preliminary, general findings are that the awareness of climate engineering is low, and that when given some
information, the public distinguishes between SRM and CDR (carbon dioxide removal), with a more favorable
view toward CDR (Corner et al. 2012). In addition, some surveys indicate that a majority of the public is open
to research into such techniques, although they express reservations about potential harms (M11; US GAO
2011; Pidgeon et al. 2013; M15).

Although SRM is global in its reach, such endeavors have been mostly limited to the West, particularly the

United Kingdom and the United States of America (Royal Society 2009; M11; US GAO 2011; Pidgeon et al.

3 Not all studies listed here are independent. For example, part of the paper by Pidgeon et al. (2012) is

dedicated to a detailed analysis of the results of Spence et al. (2010).



2012; Pidgeon et al. 2013), and more recently Germany (M15). The SRMGI (Solar Radiation Management
Governance Initiative) (2011) has been reaching out to emerging and developing countries, including China
(Edney and Symons 2013) and Africa (http://www.srmgi.org/events/, accessed 12 April, 2013). Bostrom et al.'s
(2012) international survey comparison included one conducted in Bangladesh. A wider geographical
coverage is warranted as it could bring different cultural perspectives and “open up” the discursive space

(Stirling 2008).

1.2. Research and public opinions

There is a growing chorus for initiating a serious research program on climate engineering, including a
possible field test on SRM (NRC 2015; Long et al. 2015). As NRC (2015) clarifies, the publics’ perspectives are
vital for discussing the governance arrangement surrounding the new research projects. It is therefore crucial to
obtain a multitude of perspectives from various geographical areas since the perception and understanding of
environmentalism and science differ from country to country.

For instance, according to the results of the International Social Surveys Program, compared to Americans
and Germans, the Japanese are inclined to believe in the possibility of science and technology in solving
environmental problems (Franzen and Meyer 2010; Franzen and Vogl 2013). This is perhaps due to the high
degree of deference endowed to scientists in general, and the association between traditional and environmental
values (Pierce et al. 1987; Aoyagi-Usui et al. 2003).

The Japanese public might therefore support climate engineering research if it were promoted by such a
trusted source as scientists or international organizations. The “legitimization” of climate engineering by the
IPCC (Stilgoe 2015) could be a first step in this direction, since the IPCC is characterized by mainstream
newspapers as a pure scientific authority, reflecting the Japanese context (Asayama and Ishii 2014).

Many fields in science (excluding controversial ones like nuclear science and technology) continue to enjoy
public trust, as illustrated by the enthusiastic news coverage of the Nobel prizes awarded to Japanese scientists,
even after the Great East Japan Earthquake, tsunami, and accidents at the Fukushima Daiichi nuclear power
plant on March 11th, 2011 (hereafter we use 3/11 to denote this collective tragedy). Also, by analyzing the

surveys conducted before and after 3/11, Kosugi (2013) found that although the perceived risk of nuclear power



increased among not only the Japanese public but also nuclear energy experts, the attitude of the public toward

science and technology in general has not changed materially since 3/11.

1.3. Current level of interest and awareness in Japan

Before discussing the details of our survey, it is instructive to glance at the current level of awareness and
interest in Japan. Fig. 1 shows the time evolution of the coverage of climate engineering by news, blogs, and
academic papers in Japan. In contrast with the rising trend the English-speaking areas (M11), the media
coverage of climate engineering in Japan is low. Chikyu kogaku (earth engineering) in Japanese sometimes
means civil engineering, which accounts for a steady coverage over the entire period.

Very few academic papers have been authored. The data here indicate the number of publications in the
Japanese language, but the articles in English written by Japanese authors are scarce. For example, the reference
lists of Royal Society (2009) and NRC (2015) contain no paper with a Japanese first author.

In this paper we present results of three surveys: an online survey in Japan, and two classroom surveys at
Hokkaido University. To our knowledge, it is the first of its kind outside the Western society. We particularly
focus on support for climate engineering research. The rest of the paper is organized as follows. Section 2
describes the method used in the three surveys conducted, along with the limitations of the present study.

Section 3 discusses results from the three surveys. Section 4 presents discussion and conclusions.
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Fig. 1. Number of news articles, blog entries, and academic articles over the period 2000-2014 in Japan. All
searches were conducted in April-May, 2015. The searched newspapers were Asahi Shimbun, Yomiuri
Shimbun, and Mainichi Shimbun, which were analyzed by Asayama and Ishii (2014). The queries were
conducted with three keywords: jioenjiniaringu (geoengineering), chikyu kogaku (earth engineering), and kiko
kogaku (climate engineering). The count of blog articles was estimated with a Google search with a query
“jioenjiniaringu (geoengineering).” Japanese academic articles have been identified with the CiNii service
provided by the National Institute of Informatics (http://ci.nii.ac.jp/), with the same query as the blog search.
Some articles matched with the query only in the author affiliation, and we have excluded them in the count. We
also manually adjusted for double-counting. As the vertical scale is in logarithm, years with a zero count are

neglected.



2. Methods
2.1. Internet, national survey in March, 2011

The first survey was conducted on the 8th and 9th of March, 2011, just before 3/11. It was
administered to a sample chosen from the national panel maintained by Macromill Inc. of Japan. As the
survey involved questions on political and religious views, a prescreening question was sent to 55,900
people from the 4th to the 7th of March. 17,282 people responded, indicating interest in participating in
such a survey. After the prescreening, the survey instrument was sent to 8,358 people on the 8th and 9th
until we received 4,128 responses with a response rate of 49.4%.

The sample was chosen so that the male-female ratio of the sample is 50:50. The respondents are 20
years or older, and the age distribution is uniform for each of four age blocks: 20-29, 30-39, 40-49, and 50
or older. The respondents were younger and had higher education backgrounds than the nationally
representative sample. We excluded respondents who likely used internet materials while answering
open-ended questions, retaining 4013 entries. See the Supplementary Material Section 1, Table S1 for the
general characteristics of the sample.

Each subject read a short article about climate engineering before answering questions on climate
engineering. We developed four kinds of messages with different framings, and randomly assigned

them to each subject. The survey’s structure is shown in Table 1.



Table 1. Overview of the online and in-class surveys.

Online survey In-class surveys at Hokkaido University
Date March 8-9, 2011 January 26, 2012 / February 3, 2014
Respondents | Sample from a national panel maintained Students enrolled in the course “Earth and
by a firm, Macromill Inc. Planetary Science” and mostly composed
of freshmen majoring in
science/engineering (2012); Students in
enrolled in the course “Introduction to
Meteorology” and who are mostly
freshmen and sophomores in various
majors (2014)
Sample size 4013 143 (2012) / 127 (2014)
Questions Image about climate change Image about climate change
Awareness of climate engineering
Concern about climate change Concern about climate change
(Article) (Article)
Question on the presentation of article Question on the presentation of article
Impression of climate engineering Impression of climate engineering
Trust in information sources Trust in information sources
Concern about climate change (repeated)
Post-materialist & attitude toward science | Post-materialist & attitude toward science
Socio-demographic Socio-demographic
(There is a slight difference in the survey
instruments in 2012 and 2014 in (1) the
information material, (2) the question on
research support, and (3) the question on
social values.)
Information Randomly chosen out of the four kinds: Only one type:
material M1 M4
(See Table 2 M2
for parts of M3
the article) M4

The questions were constructed based on previous surveys reported in the literature (M11; Inglehart
1971; Ohe and Ikeda 2005; Leiserowitz 2006). The SRM questions were mainly adapted and modified
from those of M11; they kindly shared a draft version of their survey instrument with us. There is one
key difference between the present study and M11, which is about terminology. MZ11 used SRM, while
we used climate engineering in our survey instrument.

To construct the four kinds of messages, we considered positions expressed in various forums, ranging

from a strong criticism (ETC Group 2010) to cautious support (Caldeira and Keith 2010) to an optimistic



appraisal (Teller 1997). Such a vibrant, public discussion is absent in Japan, and we produced the four
kinds of explanations by ourselves. We composed three components for information materials: (a) a basic
description, (b) additional justification for climate engineering in light of the risk of dangerous climate
change and climate emergency, and (c) risks associated with climate engineering. We then produced four
types as follows:
® M1 (“basic™): (a);
® M2 (“dangerous climate change™): (a) + (c);
® M3 (“side effects”): (a) + (b); and
® M4 (“all”): (a)+(b)+(c).
Though there are four types of articles, the range of viewpoints is fairly narrow, as it does not include a
very optimistic support or strong criticism.

For details of the survey instrument and information materials (including the original Japanese

version), see the Supplementary Materials Sections 8, 9, and 10.

2.2. Classroom survey of university students in January 2012

Climate engineering is a novel idea, and it is difficult to explain it to a respondent in a short period of
time. The online survey respondents may not grasp the idea sufficiently. A follow-up, in-class survey
was therefore performed.

The second survey was conducted on January 26, 2012, on the Sapporo campus of Hokkaido
University. It was administered to students in the course “Earth and Planetary Science,” mainly targeted

at freshmen, who were mostly at the age of 18-19 and in a science/engineering major (convenience



sampling).

The course, which consists of 15 sessions of 1.5-hour lectures, covers a wide range of introductory

materials related with earth and planetary sciences, including the origin of the solar system, introduction

to meteorology and climate science. The last three lectures touched on global climate change.

The first of the three-part series discussed the paleoclimate and natural climate variability such as the

El Nifio-Southern Oscillation (ENSO). The second was devoted to the science of climate change,

covering anthropogenic greenhouse effects, past observations of the climate, and the use of global climate

models for detection, attribution, and projection of climate change. Most discussions reflected the

contribution of the IPCC Working Group | to the Fourth Assessment Report (IPCC 2007a).

The survey was conducted during the last class.  Prior to the survey, a 30-minute lecture on mitigation,

adaptation, and climate engineering was given. The descriptions of mitigation and adaptation followed a

rather dry text of the IPCC assessment reports. Presentations on climate engineering covered both SRM

(stratospheric aerosol injection and marine cloud brightening) and CDR (ocean iron fertilization and

direct air capture). The class materials discussed the mechanisms underlying each method, potential

efficacies and side effects, including possible stratospheric ozone destruction in the case of stratospheric

aerosol injection. They also mentioned various social problems such as moral hazard and “playing God.”

Since the course is about science (hot engineering) and emphasizes systems thinking, we would expect

the students to be supportive of research but against the manipulation of nature.

Because the subjects became fairly knowledgeable about climate engineering before the survey, we

utilized only the fourth article (M4) and excluded questions about awareness of climate engineering.

Otherwise, the survey instrument was mostly identical to that of the internet survey. The attendance of



the day of the survey was 176. 143 students completed questionnaire surveys, with a response rate of

81%.

2.3. Classroom survey of university students in February 2014

A third survey, similar to the second one, was conducted on February 3, 2014. The survey instrument
was distributed to the students enrolled in Introduction to Meteorology, which was intended for
undergraduates interested in the subjects. The enrolled students were mostly freshmen and sophomores,
and many of them were non-science majors. It covered topics such as descriptive meteorology of Japan,
meteorological observation networks, numerical weather prediction, stratospheric ozone depletion, and
climate change. The last class dealt with human responses to climate change, and presented an updated
version of the contents used in the previous in-class survey.

The survey instrument was almost identical to the previous one except for three points: (1) The
question on research acceptance was divided into one on indoor research and another on outdoor, field
experiments; (2) The information material was augmented with a statement on the social concern such as
unilateral deployment and ethical issues and a mention of stratospheric ozone destruction; and (3) the
question on social values was changed from the Inglehart post-material index to the New Ecological
Paradigm (Dunlap et al. 2000), following M15.

The attendance of the day of the survey was 151. 127 students completed questionnaire surveys, with

a response rate of 84.1%.

2.4. Study limitations



There are many deficiencies with our study. Because our method is an opinion poll, it precludes
nuanced answers (Fischhoff and Fischhoff 2001) and might result in distorted outcomes through framing
effects (Slovic 1995) such as “naturalness” (Corner et al. 2013; Macnaghten and Szerszynski 2013).
Moreover, we did not carefully mention the timescale of the ice sheet melting, which is expected to take
hundreds of years (Lenton et al. 2008), implying the urgency of the climate problem.

Owing to the issues mentioned above, we mainly focus on the findings robust to the framings.

3. Results

This section describes the results of the three surveys. We mainly discuss the online survey,
complementing discussions with the classroom surveys. When we refer to a question by a question
number, we utilize that of the online survey, unless otherwise noted. For the correspondence of
guestions between the three surveys, see the Supplementary Materials Section 7, Table S14. An “S” ina

question identifier indicates a subquestion; Q20S1 means Subquestion 1 of Q20, for example.

3.1. Prior knowledge about climate engineering

The prior recognition was low among subjects in the online survey except for earth engineering. Of the
responses to Q5 “Have you heard of geoengineering (jioenjiniaringu)?,” 5.1% were “yes”, 79.5% “no,”
and 15.4% “unsure.” For responses to Q7 (earth engineering or chikyu kogaku), 28.0% were “yes,” 58.4%
“no,” and “13.6%” unsure. And of responses to Q9 (climate engineering or kiko kogaku), 9.7% “yes,”
77.4% “no,” and 12.9% “unsure.” Although not directly comparable because of differences in survey

designs, M11 report that 20% and 24% of respondents in their survey answered that they had heard



geoengineering and climate engineering, respectively. The difference probably has to do with a lower

level of mass media reporting in Japan.

Some caution is in order about the term chikyu kogaku (earth engineering). In Japanese, this phrase is

often used to indicate civil engineering, not climate engineering. Kyoto University, for example, has a

department  of  chikyu kogaku,  which is concerned  with  civil engineering

(http:/lwww.s-ge.t.kyoto-u.ac.jp/ja, accessed 23 April 2013; although they use chikyu kogaku in Japanese,

they use global engineering when translating into English). This term was included in the survey

because the official translation of IPCC report employed this term as a translation of geoengineering

(IPCC 2007b), and popular articles continue to use it (for instance, see the Japanese translation of

Fleming 2010). This might explain why 28% of respondents (substantially a larger fraction than the cases

of geoengineering and climate engineering) answered that they had heard of this term.

The official translation of the newly released IPCC report has changed its choice of word from chikyu

kogaku to jioenjiniaringu (IPCC 2013).

We categorized responses to open-ended answers into climate engineering and other groupings,

following M11. The first author coded each response with several iterations, using extensive

computer-aided keyword sorting.

A majority of respondents gave incorrect descriptions, most of which are various kinds of science and

engineering, while 5-12% of respondents correctly described it (see the Supplementary Materials Section

2, Table S2). About 40-50% of respondents stated “Don’t know” or left the answer box blank.

Consistent with M11, climate engineering has an informational value, with 12% of the responses

matching a correct definition. Some respondents saw climate engineering as an act of hubris or



arrogance against nature, although the number of such responses was small.

3.2. Attitudes toward climate engineering

The survey participants answered their impression about climate engineering after reading the articles.
The impressions did change with the framing as intended. Majorities felt that the article mentioning side
effects was neutral but a significant fraction of the subjects thought that the articles were supportive of
climate engineering (see the Supplementary Materials Section 3, Table S4).

The respondents displayed strong support for climate engineering research in both online and in-class
surveys as shown in Table 2, which includes statistics from M11 and M15 for comparison. 85% of the
online respondents and 93% of the 2012 students either agreed or somewhat agreed with the need for
research. The very high degree of support might have been due to the vagueness of the question on
research. The 2014 survey decomposed the question on research into two. 83% of the students agreed or
somewhat agreed with the support for indoor research, and 62%, for outdoor research. On the other hand,
many respondents were cautious about deployment. The fractions of the respondents who agreed or
somewhat agreed on immediate deployment were 37%, 21%, and 16% for 2011, 2012, and 2014 surveys,
respectively. (A fuller picture on the cautious attitude of respondents is depicted in the Supplementary

Materials Section 4, Table S5.)



Table 2. Attitudes toward climate engineering research and deployment (all respondents with the four

article types included for the online survey). The format is mean + standard deviation. M11 used the

term SRM rather than climate engineering. The response scales are 1 (“disagree”), 2 (“somewhat

disagree”), 3 (“somewhat agree”), and 4 (“agree”), so that 2.5 corresponds to the middle ground. The

questions posed to the respondents are as follows. Never: (Q20S5) Do you think that climate engineering

should never be used, no matter the situation? Immediate: (Q20S4) If climate engineering was possible

today, what would you think about using it immediately? Emergency: (Q20S3) What do you think about

using climate engineering to stop a climate emergency? Research: (Q20S2) Do you think scientists should

study climate engineering? Lab: (Q14S2 of the 2014 survey) Do you think scientists should study climate

engineering with theoretical calculations, computer simulations, and indoor experiments?  Field: (Q14S3

of the 2014 survey) Do you think scientists should conduct climate engineering experiments in the natural

environment to examine its efficacy and side effects?

Source This study M11 M15
Geography Japan USA/Canada/UK | Germany
Year and format 2011 2012 2014 2010 2012
Online Classroom Classroom
Never 2.0+£0.83 1.7£0.77 1.7£0.83 2.34+0.10 2.4+1.0
Immediate 2.310.94 1.9+0.97 1.7+£0.81 2.23+0.94 1.9+0.95
Emergency 3.0+0.81 3.3+0.71 3.2+0.81 2.49+0.90 2.6+1
Research 3.4x0.71 3.6+0.63 3.08+0.80
Field 2.9+0.96 2.4+1
Lab 3.310.85 3.1+0.91




Since direct comparison is difficult because of the difference in the information materials and the
survey framework, it is more instructive to examine the overall patterns among M11, M15, and our study.
Common across the studies are the support for research, compared to that of deployment, and the
preference of indoor research over outdoor one. However, the Japanese are less inclined to flatly reject
climate engineering. The lowest mean score was found for “deployment never” for the three Japanese
cases (it tied with the support for immediate deployment in the 2014 survey), whereas the mean score was
lowest for immediate deployment in M11 and M15. This might be because the Japanese are not used to

categorically support or oppose a statement.

3.3.  Framings and support for research

Given the high level of research support, to what extent is it dependent on the framing? Table 3 shows
the effects of frames for the 2011 online survey, which randomly assigned each subject one out of the four
different vignettes. The message M3, which emphasizes side effects of climate engineering, did affect the
respondents’ attitudes, which became more negative about SRM for a few set of questions. On the other
hand, adding the information on dangerous climate change did not contribute a statistically significant

change.
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Table 3. Changes in mean responses due to the randomized treatment.

The results here are for the

online survey only. The results are arranged in the increasing order of the difference between M3 and M1.

The statistical test was performed using Student’s t test. *: p<0.05, **; p<0.01; ***: p<0.001.

engineering should never be used, no matter
the situation?

Mean+SD Differences
Sum of
Questions M1 M2-M1 | M3-M1 | M4-mp | 2DSolute
values of
changes
Q20S4: If climate engineering was po_ssm_le 2.40+0.96 -0.014 0231 | -0124 0.369
today, what would you think about using it ek —
immediately?
QZQSL I_Do you think that climate _ 2.70+0.89 0.012 0130 | -0.048 0.190
engineering should be used as a solution to —
global warming?
Q_2083: Whgt do.you think abogt using 3.01+0.82 0.043 0066 | -0.015 0.123
climate engineering to stop a climate
emergency?
Q_ZOSZ: Do.you '[.hlnk scientists should study | 3.36+0.72 -0.012 0.003 0.012 0.028
climate engineering?
Q20S5: Do you think that climate 2.02+0.87 -0.045 0049 | -0.013 0.107

The question on research (Q20S2) is distinct from other questions as it is the least susceptible to the

framing. Table 3 also exhibits the sum of absolute changes, and it is smallest for the question on research

support. In fact, the accumulated difference is smaller by an order of magnitude compared to other

questions. This is in sharp contrast to the attitude towards deployment. For example, the answers to the

question on immediate deployment was the most responsive to framings.

3.4. Factors underlying support for research

The support for research was found to be high and stable irrespective of framings used, in contrast to

questions on deployment. What then explains the variance of attitudes toward research? We thus

conducted an ordered logistic regression (Table 4), in a way akin to that of M15. We have reduced the

11




number of independent variables by aggregating similar parameters (see the Supplementary Materials

Section 5).

The most important factors that explain support for research are trust in university researchers and the

United Nations along with the attitude toward science, which is followed by the trust in religious leaders,

the perception of climate change risks, and education. The trust in researchers and international

organizations together with the attitude toward science are also found important for emergency

deployment and unconditional rejection. The judgement on immediate deployment hinges on a different

combination of factors, such as trusts in businesses, environmental organizations, religious leaders and

friends, and how the respondents were worried about climate change.

Curiously, the post-materialism index and the message type (framing) did not significantly affect the

responses, except for the influence of emphasis of side effects on immediate deployment.

Compared to the German survey (M15; see their Table 1), the survey participants in Japan highly

regard the United Nations. In their results, the trust in international organizations was not identified as a

statistically significant factor.

12



Table 4. Results of the ordered logistic regression of support for climate engineering. See Table 2 for

the definitions of dependent variables. The results here are for the online survey only. *: p<0.05, **:

p<0.01; ***: p<0.001.

Predictands

Predictors research emergency immediate never

Trust in government -0.054 0.074 0.167 ** -0.008

Trust in business 0.001 0.074 0.219 *** -0.036

Trust in environmental organizations -0.003 0.09 0.192 *** 0.011

Trust in university researchers 0335 *** 0.23 *** 017 ** -0.35 ***
Trust in the media 0.106 0.029 0.046 -0.046

Trust in the United Nations 0.268 *** 0.319 *** -0.005 -0.276  **x
Trust in religious leaders -0.148 > 0.019 0.187 *** 0.144 *=*
Trust in friends and family 0.017 0.062 0.224 *** 0.023
Science attitude index 0.353 *** 0.256 *** 0.106 * -0.215  **x
Bad impression index 0.059 -0.025 -0.178  *** 0.025
Understanding index 0.001 0.263 *** 0.195 ** -0.186 **
Risk perception index 0206 ** 0.113 0.279 *** -0.054
Action preference index 0.094 0.068 -0.046 0.047
Policy preference index -0.118 = -0.09 0.138 ** 0.18 **
Inglehart post-materialism index 0 -0.006 -0.077 0.036
Dummy for sex (male=1) 0.105 0211 * 0.235 * -0.09

Age 0.009 * -0.009 * 0.005 0.008 *
Dummy for religiousness -0.028 -0.021 -0.207 0.184
Dummy for education -0.283 ** -0.209 * -0.035 0.036
Dummy for M2 0.092 0.097 0.009 -0.142
Dummy for M3 0.043 -0.084 -0.326 * 0.03
Dummy for M4 0.022 0.058 -0.231 -0.046
Sample size, n 1720 1649 1627 1577
McFadden’s R? 0.594 0.564 0.566 0.557

3.5. Trust in information sources

The preceding analysis has demonstrated that trust in scientists and trust in international organizations

are the most important factors for support of research.

Based on Q22, the fractions of the respondents who trusted or somewhat trusted each source are as

follows (in the descending order): (1) University researchers (78.9%); (2) The United Nations and

13



international organizations (72.7%); (3) Friends and family (48.7%); (4) Private companies (46.6%); (5)
Environmental protection groups (44.9%); (6) Government (23.5%); (7) The media (9.6%); and (8)
Religious leaders (3.9%). (See the Supplementary Materials Section 6, Table S13 for the results of the
classroom surveys.)

Scientists and international organizations rank very high as trusted sources of information in all the
surveys. This is a factor underlying the strong support of research.

Compared to the English-speaking nations and Germany, however, environmental organizations were
not favored as an information source in Japan. In fact, private companies are more trusted in Japan than
environmental organizations (though neither of them is trusted by a majority). M11 reported that
environmental organizations enjoyed the trust of about 60% of respondents or more, and the mean score
was highest for such organizations in M15’s results. In contrast, 45% of the online survey respondents
and 35% of the 2012 students and 41% of the 2014 respondents indicated their support for such groups.
Likewise, M11 showed that about 30% of respondents indicated trust for private corporations and the
mean score was lowest for the firms involved, while our results show that 47% of the online survey
respondents and 43% and 45% of university participants in 2012 and 2014, respectively, exhibited trust

for private companies.

4. Conclusions and discussion

With an online survey and two follow-up classroom surveys, we have investigated the snapshot of the
public perception on stratospheric aerosol injection, a climate engineering proposal. The awareness of this

technology is low in Japan. The respondents expressed a high degree of support for research, though they
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were cautious about deployment. The research support was found to be related with trust in university
researchers and international organizations.
Since our work is the first of its kind outside the Western societies, we below discuss wider

implications of our findings.

4.1. Linguistic expressions of climate engineering

In the West, numerous expressions have been coined to describe similar concepts: geoengineering,
climate engineering, solar radiation management (Royal Society 2009), climate remediation (BPC
2011), climate intervention, and albedo modification (NRC 2015). As with framings, the choice of words
is important for public discussions.

In countries where English is not a mother tongue, these words are translated in many different ways,
with implications for governance. In Japan, geoengineering is often translated into chikyu kogaku (earth
engineering), which has a connotation similar to civil engineering. Similarly, in Chinese, the preferred
phrase is di chiu gong cheng (earth engineering) (see the Chinese translation of Royal Society 2009).

Experts continue to invent new vocabularies, but so far little attention has been paid to global
implications. This paper discovered that climate engineering is informative in Japanese. The future

discussions should be more mindful about the linguistic aspects in non-English societies.

4.2. Trust in scientists and international organizations
In our three surveys, university scientists and the United Nations consistently ranked high as trusted

sources of information, and such trust is found to be related with the support for research. This might
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have to do with the Japanese’ tendency to believe in the ability of science and technology in solving
environmental problems. In contrast, unlike Western countries, environmental organizations did not
enjoy trust of citizens with regard to climate engineering, while corporations received a reasonable level
of trust (though still less than 50%).

A possible explanation is that it is very rare for environmental organizations to make appearance in
the mainstream media in Japan. This has been confirmed in the case of newspaper coverage of carbon
capture and storage (CCS) (Asayama and Ishii 2013). And when they do, it is often about the
anti-whaling movement that often attempts to block a research vessel. Asayama and Ishii (2014) showed
that the influence of Kisha Clubs (reporters’ clubs), which serve as a conduit of official reporting from the
government, is significant in portraying the IPCC as a pure scientific authority. A similar force might be
at play in the opposite sense characterizing environmental organizations.

Crucially, the publics in different countries trust different sources. The three Japanese surveys have
identified scientists as trusted. Although the Japanese citizens trust both researchers and international
organizations, citizens in other countries might differentiate indigenous scientists from those from outside.
Understanding who is trusted in each country is a key to public engagement across multiple countries.

As Carr et al. (2013) enthusiastically noted, the time for global public engagement is now. More

studies on non-Western constituents are greatly needed.
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Supplementary Materials to
Public perception of climate engineering in Japan:
Results from online and classroom surveys

by Masahiro Sugiyama and Masatomo Fujiwara

1. Online sample characteristics

Table S1. Characteristics of the online survey sample (after exclusion of improper responses). Because of

rounding, values do not necessarily add up to 100%.

Region Hokkaido 4.9%
Tohoku >1%
Kanto (including Tokyo) 42.8%
Hokuriku 2.9%
Tokai 10.7%
Kinki (including Osaka) 19.0%
Chugoku 4.6%
Shikoku 2.:2%
Kyushu 7.4%
Okinawa 0.5%
Sex Men 49.9%
Women 50.1%
Age 20-29 25.2%
30-39 25.2%
40-49 24.9%
50-59 16.4%
60- 8.2%
Education Elementary school / Junior high school 1.2%
High school 23.5%
Vocational school / two-year college / college of technology  23.1%
University/Graduate school 50.6%
Other / Would rather not answer 1.6%




2. Three terms (geoengineering, climate engineering, and earth engineering)

and associated images

We categorized responses to open-ended answers into climate engineering and other groupings. As with
M11, we identify correct answers as those that satisfy at least two of the three conditions: (1) descriptions that
suggest an environmental state or process is being changed intentionally; (2) those that are related to climate
change (but not the source of climate change); and/or (3) those that are artificial or human-made.  The first
author coded each response with several iterations, using extensive computer-aided keyword sorting. The
results are shown in Table S2.

Unlike a survey of the English-speaking countries (M11), very few respondents chose geography and
genetic engineering.  Also, few responses included an explicit mention of civil engineering (doboku or doboku
kogaku in Japanese).

Note that Questions 5-10 were placed on the same page, which might have led some respondents to guess

that the three words had the same meaning.

Table S2. Categorization of answers to open-ended questions about the three terms.  Geotechnical

science/engineering refers to science/engineering that is related with the solid earth.

Category Q6. Q8. Q10.
Geoengineering  Earth Engineering  Climate
Engineering

Geoengineering (correct definition) 6.1% 5.4% 12.2%
Environmental science 1.7% 16.7% 25.3%
Environmental engineering 11.2% 12.5% 8.9%
Geotechnical science/engineering 1.5% 3.5% 0.1%
Other science/engineering 14.3% 6.3% 2.0%
Energy (including geothermal) & resources 1.9% 2.7% 1.3%
Environmental problem and protection 4.8% 4.6% 2.6%
Natural phenomena 2.8% 4.0% 6.8%
Other 4.1% 5.6% 2.1%
Don’t know 36.5% 23.7% 23.2%
No answer (blank) 15.0% 15.0% 15.5%




3. Impression of the articles

Most of respondents thought that the short articles they had read were clear or somewhat clear, and
understood the content (Table S3).

Also they thought that the materials were either supportive of, or neutral about, climate engineering. Table S4
describes how subjects evaluated the four short articles. 6% or fewer subjects thought that the articles were
opposed to climate engineering. When the article did not explicitly mention side effects, roughly half of
respondents considered it biased toward supporting climate engineering. Impression of the M4 article type
was similar between the online and 2012 classroom surveys. For the 2014 classroom survey, the short article

contained additional explanations on social concerns, which led to an increase in the perceived neutrality.

Table S3. Responses to Q17 “Do you feel that the information you just read was clear?”. The units are percent.

Unclear Somewhat Somewhat clear | Clear
unclear
2011 online M1 4.46% 27.55% 57.0% 11.0%
M2 3.30% 23.08% 60.1% 13.5%
M3 2.40% 27.15% 59.9% 10.6%
M4 3.50% 24.88% S71.7% 13.9%
2012 classroom 1.47% 12.50% 61.8% 24.3%
2014 classroom 2.38% 5.56% 52.4% 39.7%




Table S4. Responses to Q18 “Is the present information neutral?”

Choices are: (supportive) “It was

supportive of climate engineering”; (neutral) “It was neutral, and did not support or oppose climate

engineering”; and (opposed) “It was opposed to climate engineering.” The units are percent.

Supportive Neutral Opposed
2011 online M1 47.9% 46.8% 5.35%
M2 50.3% 46.0% 3.70%
M3 31.3% 62.4% 6.29%
M4 40.5% 56.0% 3.50%
2012 classroom (M4) 39.0% 59.6% 1.47%
2014 classroom 21.6% 69.6% 8.80%




4. Attitudes toward climate engineering

Our survey reveals a high level of support for climate engineering research, although the respondents were

generally cautious about its actual implementation.

For example, a number of respondents noted that the

earth’s temperature is very complicated and not amenable to a single-technology solution, and that emphasis

should be first placed on emissions reductions.

Table S5. Attitudes toward climate engineering.

Question 2011 online | 2012  classroom | 2014  classroom
survey survey survey
Q20S1: Do you think that climate engineering should be 2.66+0.85 2.71+0.88 2.48+0.89
used as a solution to global warming? 51.4% 51.1% 42.5%
Q20S2: Do you think scientists should study climate 3.36+0.71 3.56+0.63
engineering? 84.9% 92.6%
Q14S2 (2014 online survey): Do you think scientists should
. L . . . 3.27+0.85
study climate engineering with theoretical calculations, 82 7%
computer simulations, and indoor experiments? '
Q14S3 (2014 online survey): Do you think scientists should 2 86+0.96
conduct climate engineering experiments in the natural R
. S . . 61.4%
environment to examine its efficacy and side effects?
Q20S3: What do you think about using climate engineering 3.00+0.81 3.29+0.71 3.16£0.81
to stop a climate emergency? 68.9% 82.2% 77.8%
Q20S4: If climate engineering was possible today, what 2.31+0.94 1.92+0.97 1.74+0.81
would you think about using it immediately? 37.1% 21.3% 15.7%
Q20S5: Do you think that climate engineering should never 2.02+0.83 1.67+0.77 1.71+0.83
be used, no matter the situation? 19.8% 12.5% 13.4%
Q21S1: Climate engineering will harm the planet rather than 2.48+0.83 2.29+0.74 2.28+0.74
help it. 29.6% 30.4% 26.8%
Q21S2: With enough research, | believe climate engineering 2.91+0.77 3.03+0.80 3.00+0.75
will turn out to be safe and effective. 61.9% 72.8% 67.7%
Q21§3: Climate .englneerlng should be us.ed SO we (':an 2 0020.85 1.6440.73 1.6640.74
continue to use oil, coal, and natural gas, without worrying
. L 22.7% 12.5% 11.8%
about reducing CO2 emissions.
Q21S4: Climate engineering is the easy way out. 2.60+0.87 2.54+0.92 2.33+0.95
43.3% 50.7% 42.5%
21S5: Research into climate engineering will lead to a
t(ichnology that will be used by tr?e govergr]ment no matter 2.840.88 2.14x0.80 2.17£0.94
o 57.1% 57.4% 59.1%
what the public thinks.
Q21S6: The earth’s temperature is too complicated to fix 3.49+0.65 3.67+0.56 3.58+0.60
with one technology. 87.3% 90.4% 94.4%
Q21S7: Humans should not be manipulating nature in this 2.75+0.88 2.64+0.99 2.78+0.92
way. 51.1% 49.3% 57.1%
21S8: If scientists find that climate engineering can reduce
t?1e impacts of global warming with n%inimal gside-ef‘fects, 2.86x0.84 2.9620.76 2.93£0.92
62.1% 69.1% 69.3%

then | would support its use.




5. Predictors (independent variables) for regression analysis

The following tables describe how each index is constructed. All continuous variables are normalized so

that they have a mean of zero and a unit standard deviation.

variables, which take either 0 or 1.

Categorical variables are treated as dummy

For repeated questions, we have used those that appear before the article

on climate engineering. We have limited ourselves only to the online survey because the sample sizes of the

classroom ones were small.

Table S6. List of predictors for the regression analysis.

Predictor

Definition and scale range

Trust in each source

Q2281-S8

Science attitude index

Sum of responses to Q31S1 and Q31S2 (see below)

Bad impression index

Q2 (1. Slightly negative to 5. \ery negative)

Understanding index

Sum of responses to Q11S1 and Q11S2

Risk perception index

Sum of responses to Q12S1, Q13S1, Q13S2, Q14S1, Q14S2

Action preference index

Sum of responses to Q15S1-Q15S5

Policy preference index

Sum of responses to Q16S1 and Q16S2

Inglehart index

4-item post-materialism index, combining Q29S1 and Q29S2, based on
Inglehart (1971) and the World Values Survey
(http:/lwww.worldvaluessurvey.org/, accessed 22 April 2013).

Sex

Age

Pre-collected by the survey company

Dummy variable for religiousness

Q34, 1 ifyes

Dummy variable for education
(undergraduate or above)

Q32, 1 if college or graduate school

Dummy variables for article types

Denotes which message was randomly assigned to each of the
respondents




Table S7. Correlation coefficients among variables.

Q31S1 and Q31S2 would give a science attitude index.

The result here implies that combining the responses to

Q30 Q3181 Q31S2 Q31S3 QQ3154
Q30 1
Q31s1 0.34 1
Q3182 0.37 0.59 1
Q31S3 -0.07 0.07 0.11 1
Q3154 -0.19 -0.14 -0.16 0.24 1

Table S8. Science attitude index.

(completely agree). n = 3450.

Mean Std Dev Cronbach’s alpha
Science attitude index 14.31 3.06 0.74
Q3181 7.05 1.73
Q31S2 7.26 171

Table S9. Understanding index. N = 3761. Scales range from 1 (disagree) to 4 (agree).

Unlike other questions, the scales range from 1 (completely disagree) to 10

Mean Std Dev Cronbach’s alpha
Understanding index 6.87 1.35 0.75
Q1151 3.60 0.66
Q11s2 3.27 0.84




Table S10. Risk perception index. N =3361. Scales range from 1 (not concerned at all, no impact, no possibility)

to 4 (very concerned, very large impact, very likely).

Mean Std Dev Alpha if deleted Cronbach’s alpha
Risk perception index 15.84 3.20 0.87
Q12s1 3.22 0.78 0.84
Q13s1 3.52 0.67 0.86
Q13s2 3.21 0.76 0.84
Q14s1 3.01 0.84 0.84
Q14S2 2.88 0.87 0.85
Table S11. Action preference index. N =4013. No =0, Yes = 1.
Mean Std Dev Alpha if deleted Cronbach’s alpha
Action preference index | 2.85 1.49 0.65
Q15S1 0.84 0.37 0.59
Q15S2 0.66 0.47 0.59
Q15S3 0.55 0.50 0.63
Q1554 0.29 0.45 0.59
Q15S5 0.51 0.50 0.57

Table S12. Policy preference index. n = 3616.

Scales range from 1 (oppose) to 4 (support).

Mean Std Dev Cronbach’s alpha
Policy preference index | 4.3 1.61 0.65
Q16S1 2.24 0.99
Q1652 2.09 0.88




6. Credibility of information sources

Table S13. Trusted sources of information.

trusted each information source.

Shown is the fraction of respondents who trusted or somewhat

The rows are sorted according to the value in the online survey.

Fraction of respondents who trusted or somewhat

trusted each source

Online (2011) Classroom Classroom
(2012) (2014)

Q22S4: University researchers 78.9% 86.0% 84.1%
Q22S6: The United Nations & international 72.7% 80.0% 85.7%
organizations

Q22S8: Friends and family 48.7% 39.0% 29.9%
Q22S2: Private companies 46.6% 42.6% 45.2%
Q22S3: Environmental protection groups 44.9% 35.3% 40.5%
Q22S1: Government 32.6% 23.5% 42.5%
Q22S5: The media 29.8% 9.6% 13.4%
Q22S7: Religious leaders 3.9% 2.2% 2.4%




7. Comparison of the three survey instruments

The following table describes how the online survey instrument compares with the in-class ones.

We only

describe the online survey instrument in full, as the texts are virtually identical for each set of corresponding

guestions.

Table S14. Correspondence of questions among the three surveys.

Content of questions

Online survey

In-class surveys
(2012 and 2014)

Image about climate change Q1-0Q4 Q1-0Q4
Awareness of climate engineering, etc. Q5-Q10 N/A
Concern about climate change Q11-Q16 Q5-Q10

Acrticle

Four kinds of articles

Only one type (M4, all)

(For the 2014 classroom survey,
the material was slightly
modified)

Question on the presentation of article Q17-Q19 Q11-Q13

Impression of climate engineering Q20-Q21 Q14-Q15
(For the 2014 classroom survey,
the question on research
acceptance was divided into
two)

Trust in information sources Q22 Q16

Concern about climate change (repeated) Q23-Q28 (repeat of Q11-Q16) N/A

Post-materialist and attitude toward Q29-Q31 Q17-Q19

science

(For the 2014 classroom survey,
the question on
post-materialism was replaced
with one on the New Ecological
Paradigm)

Education

Q32

N/A

Demographic

N/A (survey company maintains
a database of this type of
information, hence not included
in the survey)

Q20-Q23 (sex, age, department,
year)

Question on whether respondent is willing | Q33 N/A (caution is given as a text,
to answer religious/political questions not a question)
Religious and political attitudes Q34-Q36 Q24-Q26 (The list of political

parties was adjusted to reflect
the situation at the time of each
survey.)
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8. Note on the survey instrument

The survey instrument was pre-tested and corrected for clarity. Many questions are based on a four-point

Likert scale, consisting of “disagree,” “somewhat disagree,” “somewhat agree,” and “agree.” In Japanese
surveys, it is common to use the four choices that correspond to these English phrases.  See, for example,
samples of official surveys conducted by the Cabinet Office of the Government of Japan
(http://lwww8.cao.go.jp/survey/h24/h24-shougai/3.html and
http://www8.cao.go.jp/survey/h24/h24-danjo/3.html, accessed 27 March, 2013). In contrast, the wordings
used by M11 are “strongly disagree,” “disagree,” “agree,” and “strongly agree.” As with M11, we included an
option of “unsure” in many questions, while removing the “neutral” response.

The length of the full article in the survey instrument was determined so that it roughly matches that of a
typical Japanese newspaper article, which is significantly shorter than in English-language papers. Because of
the space constraint, we admit that the articles presented here may have communicated some information
inaccurately.

The article mistakenly missed the word “eruption” after “volcano,” although the preceding paragraph
included “explosion” to indicate a major volcanic eruption. The responses to open-ended questions suggest
that the survey participants correctly understood the message, and that the bias due to the exclusion is
presumably negligible.

Mercer et al. (2011) included a question on chemtrails and associated conspiracy theories. In Japan,
although there are some blogs dedicated to the topic, the “chemtrails” conspiracy theory (Watson, 2001) is not

widely known. For example, a search into the three newspapers (Asahi, Yomiuri, Mainichi) with the query

kemutoreiru or kemu-toreiru returned no results. We therefore excluded this question.

11



9. Survey instrument of the online survey in March 2011

Ql: HIEKIEBRALIZ OV TIDEWEIRZAH D £ 002
AN AT
Q1: Do you have any negative feelings about global warming?

[Yes / No]

Q2: FIOEMT NIV EEZT-HIZBEE LETST, BOHIRERHTTERTLEI RV ETN? 5B
PERHI CE X TS 2SN,

[1. DLETE, 5. 77<HEN]
Q2: If you have replied yes above, please answer this question. How would you describe your negative
feelings on a 5-point, numeric scale?

[ 1 (slightly negative) to 5 (very negative)]

Q3: HIEREKIRRZALIZ OV TN B WHIR N H Y £500 2
[t vz ]
Q3: Do you have any positive feelings about global warming?

[Yes / No]

Q4: HIDHERIT NIV LERTEFICBMELET, BVHIRZHEFTTRT L ENIFLETT N 25 K
PERHI CEA TS 2SN,

[1. DLETRY, 5. 7R
Q4: If you have replied yes above, please answer this question. How would you describe your positive
feelings on a 5-point, numeric scale?

[1 (slightly positive) to 5 (very positive)]
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Qs VAT LT =T VTN BEEMWEZERHD TN
HED AV Z G025 7800]
Q5: Have you ever heard of jioenjiniaringu [geoengineering]?

[Yes / No / Unsure]

Q6: AT T=T VT e ) FELBWT 2 BRI E T
[H H1lE1E, 100 XX FLIA ]
Q6: What comes to your mind when you hear jioenjiniaringu [geoengineering]?

[Open-ended, up to 100 Japanese characters]

Q7: HIER T L WO BHEAMNZZ LD 7?2
[FD 00703067800 ]
Q7: Have you ever heard of chikyu kogaku [earth engineering]?

[Yes/ No / Unsure]

Q8: HIER T &y 5 FHEZ BT &2 R E T 2
[A #[E] %, 100 ZFLT
Q8: What comes to your mind when you hear chikyu kogaku [earth engineering]? [Open-ended, up to 100

Japanese characters]

QY% XMETHL WO FEZHN I ENHY £T1?
[FD 00703067800 ]
Q9: Have you ever heard of kiko kogaku [climate engineering]?

[Yes / No / Unsure]

Q10: [T LWV ) EHELMO T Z B NENNET N2

[ A H[FI, 100 XFLIAT
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Q10: What comes to your mind when you hear kiko kogaku [climate engineering]? [Open-ended, up to 100

Japanese characters]

Qll: UL FO/RILEIZHOWNWTE ) BNEFT N2 Y TEEDLI D ZNENBEP 2SN,
. Zo28p7u, 2. FLo60EFRITE BRI,
3. ELb )t ERITEIHEI, 4 €IOHE5, 5 06700 ]
Q11: For the following questions, please indicate which best describes your opinion.
[1. Disagree, 2. Somewhat disagree, 3. Somewhat agree, 4. Agree, 5. Unsure]
1. #IERER IR X TV D
1. Global warming is taking place
2. NS CO228 72 5K THIBRIRRRAL 2 & TV D

2. CO;, from human activities is primarily responsible for global warming

Q12: LFDOXLEIZHDONWTE S HNETN? 4B CY TLEL DO EZ BRI IZI N,
[N DR ES R4 F THLH, 5. 270267700
Q12: For the following questions, please indicate which on a 4-point scale best describes your opinion.
[1 (Not concerned at all) to 4 (Very concerned), 5. Unsure]
1. HIERIRBRLIZ DWW T ERUE &L T 73?

1. How concerned are you about global warming?

Q13: LLFDALEICOWNWTE I BNE TN 4RI T TIIELI bDEZNENREN ZS
W,
[1. FEDP RS LA EHENRE THbHS,5. 20264800]
Q13: For the following questions, please indicate which on a 4-point scale best describes your opinion.
[1 (no impact) to 4 (very large impact), 5. Unsure]
1 #EkiEE T (AFZBRLS) BRISH L TENIEERENR DD L BN ET)H?

1. How serious of a threat do you believe global warming is to non-human nature?
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2. MIBRIRBAL OFAEDOREIT ENIF LRI T2

2. How serious are the current impacts of global warming around the world?

Ql4: LLF Db DA 14 50 - CHIERIER LN FIA TR & D AlREMEIZ EN T HWIEE EWE T/ 2 4
B THL THTIEEDL b DERATIIZENY,
. & & 3 AREIED R —— 4 BJREMESE THE 5. D670 ]
Q14: How likely do you think it is that each of the following will occur during the next 50 years due to global
warming? Please choose the choice from a 4-point scale that best describes your opinion.
[1 (No possibility) to 4 (very likely), 5. Unsure]
1 R TEL S O ANDEFRKRENESL D
1. Worldwide, many people’s standard of living will decrease.
2. By BE (T35 O EEKENRED %

2. My (or my family’s) standard of living will decrease.

Q15: YA FOIRBELXIRICOWT, BIEIT > TV DO D HEH T, HARTITSHEIY MA T & B
T, TNENBEALTZSVY,
[1. trinz, 2.0 /20
Q15: Among the following action items for global warming mitigation, which one would you like to do from
now (or are you doing already)? Please answer each question.
[1.No/2. Yes]
[The order of statements randomized]
1. BERSCFE, HEIE/AR P2 E ) A = R ERESCRE L2 S BT D
1. Use energy-efficiency as a selection criterion when buying a light bulb, a household appliance, or a
motor vehicle
2. RELICE L L F—HEEE (KEGEM, FEMREER, =1L F—2R0 Bl
ZHANTD

2. Install an environmentally friendly energy device (a solar panel, a fuel cell, or an energy-efficient

15



water heater)

3. BEDOEDIZHEHTIH ALK ARARLER, M TIEE2RHT 5

3. Use a bus, a train, or a subway instead of driving for environmental protection

4. MERIERZALRS IIZIEE) L TO DA DT DIZFHAF L2 . FAR D

4. Donate money to, or volunteer with, an organization working on issues related to global warming
5. FIER K NTHRBEA L RIZ OV TEET

5. Talk to family or friends about how to solve the problem of global warming

Q16: LA T OHIERRRRLXIR DBUERIZOWT, HRTZDBBEZ TN EFNBENELZI 0,
. KX, 2. Ebb600EFRITKA 3. FbonEF2IXEK. 4. Bk, 5. 22026000 ]

Q16: Please describe the choice that best matches your opinion for the following proposed policies for global

warming mitigation.

[1. Oppose, 2. somewhat oppose, 3. somewhat support, 4. support, 5. Unsure]

[The order of statements randomized]
1. Ax03bEVBBIHEAZFEDRNI SIS, HY U U ATHh2 D844 15 /) » hVRREEN
T2, ZOXIICUTRBIORRK & 722 i FEOHEH 25
1. To encourage people to drive less and thus reduce carbon dioxide emissions, increase the gasoline tax
by about 15 yen per liter.
2. TANF =KL LT 57012, PEEICTRIAFT—RENT D, OB, HRENPE
IEAYXLI R ETRTO L OO AL LS, AF T AM7 0 FERIK 3.8 THIZR D
2. To encourage industry to be more fuel efficient, introduce a business energy tax.  This tax would
raise the average price of most things you buy, including food and clothing. The additional burden will

be approximately 38,000 yen per year per person.
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LUF OB Z 28 < 7E S0,

Please read the following article.

[The four types of articles described in the main text are composed with the message blocks shown below as

follows.

M1 (basic): (a)

M2 (dangerous climate change): (a) + (c)

M3 (side effects): (a) + (b)

M4 (all): (a) + (b) + (c)]

(@)

T, B R LR & L C A TRIIC
HIER 2 509 IR, SR L 2 1R LT
£ BRLRFA(CO2) ZIS S FITHIER
% F I HAN T 9 I ERIERE (L AMERR I 7R
HBRENADEED EHELER E LTHELL
Z I TOE T EER LR TH D
RARZ TN B % BURR] S+ L (IPCC) b,
hRESCRIER & W o 7o 2795 =
L2 ELE.

—FEHRLE RO TWD DK% K
B9~ Bt T K O RIRFE D% ki
FOSRJEBZZE UK 2 RO L £

1991 ED 7 1 U B Ok ILDT, #ER O
IRAEL 0.5°C T30 £ L7 kili& B

T, ANTHICHoR A& B2 RIS 13
HERZMET LN TEET. —HOHE
TS &V ) BITFA b IBES T
WEFTH I A TR T 479 TR
72 < BRI HIBRIERR (LS BN 2 DD 2
EWNG o TWET. F72CO% WL
DIZHASATA A RBRLENZ L B30 » T
ETVET.

Recently some scientists are proposing climate
engineering that aims at artificially cooling the
earth to counteract global warming.  This
technique enables cooling of the earth without
reducing carbon dioxide emissions. The
recognition of an increased risk of dangerous
climate change has led to interests in this set of
options.  The Intergovernmental Panel on
Climate Change, a global scientific body, is
now tasked with assessing research on the
efficacy and side effects of such techniques.
The most promising among various proposed
techniques is intended to reflect sunshine back
to the space.  After a volcanic explosion,
small particles reach the stratosphere,
reflecting back sunlight. The 1991 volcano
[volcanic eruption] in the Philippines caused
the earth to cool by 0.5 degrees Celsius.
Mimicking a volcano, one can cool the earth
by artificially injecting small particles into the
upper atmosphere.  There are concerns that
some countries might experience side effects
such as reductions in precipitation.
Nevertheless, this method is not a science
fiction and validated by science. Moreover,
this option is now considered to be cheaper
than CO, emissions reductions.

(b)

UL DAFZE TlIE e T o gIVEH O 2R
DA TEELE. TO7T7 70 HD
HOMMNBADRINNHDH Z ENyho T
XFELE MEORNED E, £ K2
E DRI TR E IR 8805 C L E BRI 72
BEREIC 2D R EEA. AETHD
I ORELFNE R D MEE A E R0
X2z, BERZFRNZAN, x5
EHEETT.

Recent studies have elucidated possible side
effects of climate engineering. In particular,
there is a possibility that the summer rain in
Asia and Africa could decrease in response to
climate engineering. If the summer rainfall
decreased, the crop in regions like India could
be severely affected, potentially leading to an
international food crisis. It is therefore
crucial to examine possible side effects and
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explore methods to contain them beforehand.

©) |KBELFHCEHLDAETE > TV A ERIT,
BB L, FIZ R WG T, Z0F %

TN =T v ROKIET CTHEHE 23K

2L, BEEITEE-o ThET.

CO 3727 3, HIERIERE L D

2 ESERRIZ 7 D F TR LS, K&
BEENTLHRZANH Y £9. FIIX

5m ERT 2520 LvEEA BATIE JE
AR B RN EEd S ATREM N E
S0, ZRBRESETULICBESTZD,
TRENIEE A -72 0 U E 9 MR
IR OBEOFREZRET D72 DIZITA
TN HIER 2 03 e f& B OAF9E &

The reason for an increasing interest in climate
engineering is that while the pace of CO,
emissions reductions has been slow, the rate of
global warming is faster than expected. If the
current trend continued with further global
warming, a significant damage could
materialize. For instance, the melting of
Greenland Ice Sheet may trigger a 5-meter
sea-level rise. In Japan, the risk of landing of
a very intense typhoon would become higher,
the flood and precipitation extremes stronger,
and very warm summers more frequent.
Scientists are now suggesting that researching
on artificially cooling the earth as the last
resort is necessary.

QL7: WERMATIERIZHIRTLIEDH TTEDL DL BRI IZEI VY,

[~k &5 6008 FXIXTHIR E5 608 52 ITHR B4

Q17: Do you feel that the information you just read was clear?

[Unclear, somewhat unclear, somewhat clear, clear]

Q18: WEFBALIEHRITTIZAZ L HVETN? b LIR-> TV D ERNWE LS TTEDS D

ZRIFEOLTZSN,

[ LFEHFT DI > TS | P THS | ELAIZRAS TS 51> T3]

Q18: Do you feel that the information you just read had a bias?[It was supportive of climate engineering / It was

neutral, and did not support or oppose climate engineering / It was opposed to climate engineering]

Q19: AtA T EERICE 72 ZAIEH Y T2

[ A Hi[a1E, 500 XFLIA]

Q19: Do you have any questions related with the article above?

[Open-ended, up to 500 Japanese characters]

[For the following questions, a link button to the article was shown so that each respondent could read the




article again while answering questions.]

Q20: 4., FHAZFIA TV WERE LRI OWTEBHE LET, UTOELEIZHOWNTE S En
FITN?2UTUTELLDEBRVOTEIN,
[4B : E 5 Bpar, FbohEFRITEBDRY, FbonEFRIFEI/-5, €589,
BBV
Q20: Next, we ask you about climate engineering. What do you think of each of the following statements?
Please choose the one that best describes your thinking.
[4-point scale: disagree, somewhat disagree, somewhat agree, agree, unsure]
[The order of statements randomized]
1 JBELFEREERR S LTS R&EZE BN E T
1. Do you think that climate engineering should be used as a solution to global warming?
2. BB IR LE 2T _&E L BN E T
2. Do you think scientists should study climate engineering?
3. fabR7e MERIEREAL N2 L o 7o, R LRl 5 ~& LB E 47
3. What do you think about using climate engineering to stop a climate emergency?
4. b LRBELFENBEEZ 20725613, 47 I 5 R&E7ZLBNETN?
4. If climate engineering was possible today, what would you think about using it immediately?
5. RME T TV DRI T HED/e &2 L BuvE72v?  [For the sub-question 5, 721X
Z (never) was shown in red.]

5. Do you think that climate engineering should never be used, no matter the situation?

Q21 LLTDOELEIZOWTE S HNWETI?H TITEDL D EBEVIZIN,

[ 4 I : € 2 8bae, Ebo0hESRITEIBPRY, FLonEFRIFTE M5, €49,
Vo aY Al

Q21: What do you think of each of the following statements? Please choose the one that best describes your

thinking.
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[4-point scale: disagree, somewhat disagree, somewhat agree, agree, unsure]
[The order of statements randomized]
1 RBETFTHERZBT 5 & AN KD BN HRIENTLE
1. Climate engineering will harm the planet rather than help it.
2. THRAIEN RS, RIETHILZETHRNL OIS
2. With enough research, | believe climate engineering will turn out to be safe and effective.
3. A, AR, KRBT A %MD LT CO&M D L CRBERZ T 50 Tida <, KEL
Faffio TREZ FFT L
3. Climate engineering should be used so we can continue to use oil, coal, and natural gas, without
worrying about reducing CO2 emissions.
4, [ LAT LG RATHR CTH 5
4. Climate engineering is the easy way out.

5. XMk LEOWIZERRFE ST &, —RTTROFTREZM Z L2, BUFAERLTLE D

)

5. Research into climate engineering will lead to a technology that will be used by the government no
matter what the public thinks.

6. HIEKDREIX DO TR TERWIILEEMTH D

6. The earth’s temperature is too complicated to fix with one technology.

7. NEIZRBEL SO X 9 R FETHREZLE T NE TIERW

7. Humans should not be manipulating nature in this way.

8. b LEFFEHEDOHIEIZ L - T, KUE LFHI N S WEWEH CHIBERERR(LZ R TE 5 L anoTz
b, FNFRMELEEE > TH W E D

8. If scientists find that climate engineering can reduce the impacts of global warming with minimal

side-effects, then | would support its use.

Q22: KM THEDOEMIFE LT, AL E T2
[GHEL 0, FLoENEEZITEHELLY, Eb60hEEXITIEHETS, T3]

Q22: Who do you trust as a source of information about climate engineering?
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[Distrust, somewhat distrust, somewhat trust, trust]
[The order of statements randomized]
1. B Government
2. {3 Private companies
3. BREIfRH#ELA{A Environmental protection groups
4, RZFEOMFFE3E University researchers
5. A7 47 The media
6. [E# - [E SRS The United Nations and international organizations
7. 72#F Religious leaders

8. KGN Friends and family

2 CHEMEERLIZOW T RT-OBEX ZBME LET, JUELFORMAEZZT TEZNES
MICEboslhb LIVERA L, BboTWARWVWrb LNLERA, S0bRT-0BEZEZREZL
720N,

Now we ask you about global warming once again.  You might have changed your opinion on global warming

after learning about climate engineering, or not. Please share with us your current thinking.

[Q23-Q28: repeat of Q11-Q16]

Q2 LNEDA D 1 OFEMOEFEEL EHIRELZL IWNIHONT, I<&EmsnEd, Wi,
WANWAR AN S ERT D ARV O TH Y £, HiidIino o Tn kb EERE
EHRWET D, L FBICEERODIIENTTD?
[[FHZ DFESF DS BHELRBHFRENE L T o FEHRICHEGHES 5257
Yl O#IH S i O H HOBEE OB 7]
Q29: People often talk about what the aims of this country should be for the next ten years. In the following
are listed some of the goals which different people would give top priority. Would you please tell which one

of these you consider the most important?  And which would be the next most important?
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[Maintaining order in the nation/Giving people more say in important government decisions/

Fighting rising prices / Protecting freedom of speech / Unsure]

Q30: REIMIZE A 725G BFOERITINHOFIE L 2D TL L O TR E DB NEHOFLRDHTL
LM BRIZODBZEZZBHMOLE TS,

[Flasd 228 FELEFaIZ 6 FIZ G 23" PI5L0]
Q30: In the long run, do you think the scientific advances we are making will help or harm mankind?

[Will help / Will harm / Some of each / Unsure]

Q3Ll: MO X H RERIIK LT, HARTATHEL T, RKAFTT 2, 113 T8 2, 10 1T 4
<HER a9 e LET,
[1.2< KA e——10. < Bk, D056 7200
Q31: Now we ask how much you agree or disagree with each of the following statements. For these questions, a
1 means that you “completely disagree” and a 10 means that you “completely agree.”
[1 (completely disagree) to 10 (completely agree), Unsure]
[The order of statements randomized]
1. BEAEA IR 2 B O ATE 2 K 0 RIS, IS, PREIC LTV D,
1. Science and technology are making our lives healthier, easier, and more comfortable.

BRI L T KRS RSB RIRIZ b6 &b 25 9,

N

2. Because of science and technology, there will be more opportunities for the next generation.

w

RPN O E HE D ICHE A TNS,

3. Science and technology make our way of life change too fast

SN

LR BIEIRRITEY TET, BlERS5ENIL TN D,

SN

. We depend too much on science and not enough on faith.

Q32: M FEIEZBE A TSV,

[P FE P T F: (REFIAREE8)
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BPER (FIEFEEFTREE) KFAKFe T O], B2 =< k]
Q32: Please describe your educational background.
[Junior high / High school / Two-year college (including college of technology) /

Vocational school / University / Graduate school / Other / Would rather not answer ]

Q33: LIREIZ, RERIFFBULIZ DWW T ZEIZ WS EMN ZEWET, R - RO O
TOZEFIEETTR, ZHHTEL2NBEZANTET ET0,
RESOZFFBOEIZ BT SR H7) TE 5.~
INBNZ BT SR 67) TES..
SCHFBOIZ BT SR Sl ) TES
RERCIFBIE N TS I 12 1757 TE 2000 ]
Q33: In the following, we will ask you about your religions and political parties you support. Responding to
the following is voluntary. Could you take part in answering them?
[ Can answer questions regarding religions and political parties /
Can answer only questions regarding religions /
Can answer only questions regarding political parties /

Would rather not answer ]

Q34: Hipl-ix, BIRELERF > TWET D
[FFo TG A FFo T "Bz =< 2]
Q34: Do you have a religious faith?

[Yes / No / Would rather not answer]

Q35: HiffI TR~ TWD LEZTHICBHE LEY, T ED LI REMTE 2, Zohhnhsng
DTHHIF TSN,
[Pl LB F Y X B ZDOMDFRE BRI/ 2]

Q35: If you have answered yes in the previous question, what religion do you believe in? Please list all that
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apply.

[Shinto-ism / Buddhism / Christianity / Other / Would rather not answer]

Q36: HARTIHMAREZLFEFLTVH S LeWET N2 (O &)

[RT5 7 H T 5 W5 HARLEE S R BT 50 T R B AR DI Foe AR 7 5
BHIPFVHA B R E D, e L ERES R]
Q36: Which political party do you support? (choose only one)
[Democratic Party of Japan / Liberal Democratic Party / New Komeito / Japanese Communist Party / Social
Democratic Party / People’s New Party / Your Party / New Party Nippon / Sunrise Party of Japan / New

Renaissance Party / Other / Do not support any particular political party / Would rather not answer]
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10. Changes in the 2014 in-class survey

Here we describe the changes made for the 2014 in-class survey. The question on attitudes toward climate
engineering was replaced with the following:
Ql4: 4, SAZMATWVWEREWERBETZIZOWTEHE LET, UFOKEXLEIZONTE S B
ETIN? [4dBBE: E O BPRy, FEo0nEFRIZEIEPRY, FELNEFRIZTEIHES, &
SR, DL
Q14: Next, we ask you about climate engineering. What do you think of each of the following statements?
[4-point scale: disagree, somewhat disagree, somewhat agree, agree, unsure]

1 JBELFEREERR S LTS REEEBNWE T

1. Do you think that climate engineering should be used as a solution to global warming?

2. B3 iR, 2 v ta—F— v Ial—va UOMMRENOER CRUE L2 F5E

FTARELZEBNEFTN?

2. Do you think scientists should study climate engineering with theoretical calculations, computer

simulations, and indoor experiments?

3. B 1T RO B ARBREE CHURCBNEM 2 BGE T 2 5k LD EREZIT O ~NE L LBV E

Fne

3. Do you think scientists should conduct climate engineering experiments in the natural environment to

examine its efficacy and side effects?

4. S ERRIRAL A % Uil > o, SRl T 209 & L E 372

4. What do you think about using climate engineering to stop a climate emergency?

5. b LRBELFENBUEMEZ 207 61, 43Il &2 L BnE 02

5. If climate engineering was possible today, what would you think about using it immediately?

6. KU AT D2 2RI T HED 2RV E 728 B E977»?

6. Do you think that climate engineering should never be used, no matter the situation?
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The short article was corrected for previous mistakes (though they were minor), and more importantly, a

paragraph was added to explain the social concerns more fully.

Bt BHEE BSEBBERIR & LA LRI HiEk %
WeT Ik, AETFEREL CWET, bR
# (COz) ZHO &PIcHiEkAH i3, H
BRI LD ERIC A BFENANE TV, EEZRR
ELTHELEMATHET, EHEMREAE#TH
% 5MEEENC T 2 BUFRE Sk L (IPCC) b, 2hE
SROREMER ICBT B st WAl LELE
%» Z = o

Recently some scientists are proposing climate
engineering that aims at artificially cooling the earth
to counteract global warming. This technique
enables cooling of the earth without reducing
carbon dioxide emissions. The recognition of an
increased risk of dangerous climate change has led
to interests in this set of options. The
Intergovernmental Panel on Climate Change, a
global scientific body, is—pew—tasked—with
assessiag-assessed research on the efficacy and side
effects of such techniques.

—FBELL RONTWDDNKEIEE I 58
MCTd, KL KMEK RS- D% . PR3 k8
BICELKRE AR LET, 199 14F07 41
DKL K D%, HIEROIREIZO0. 5CFRY
F L7, kibzEELT, ATk 1% EZERK
WU ISR A S T e TEET, —HOET
IS E VI RTER IR E SN TOWETR, &
AT A T 473 a TR BRI HER IR RS
{ERIMz 5D ENShoTWVWET, £7/-C02 %
BWOT OISR Tazx MR ZNWZ b o TET
WET,

The most promising among various proposed
techniques is intended to reflect sunshine back to

the  space. After a major _volcanic
eruption explesien, small particles reach the
stratosphere, reflecting back sunlight. The

1991 weleans volcanic eruption in the Philippines
caused the earth to cool by 0.5 degrees Celsius.
Mimicking a volcano, one can cool the earth by
artificially injecting small particles into the upper
atmosphere. There are concerns that some
countries might experience side effects such as
reductions in precipitation.  Nevertheless, this
method is not a science fiction and validated by
science. Moreover, this option is now considered
to be cheaper than CO2 emissions reductions.

T ORFFE TR L5 O BIVEH O BRI A T
EFE Lz, TUOTRT 7V AIOEDORNED AT
BAZENGMNoTEE L, WEORNED & L
L Bapia Ly BRIEY) DAEBE ICKE RN
T, [EBEZRARREC R hREtA, ERBRE
BoAY vErET st biEfIh T E
iLﬂ%f%éif®mﬁI%ﬁE&éW%%ii
I oz, BWERZFRNci~N, Mzxs 2 &b HE
BT,

Recent studies have elucidated possible side effects
of climate engineering. In particular, there is a
possibility that the summer rain in Asia and Africa
could decrease in response to climate engineering.
If the summer rainfall decreased, the
crop production #—regiens—tke—lndia—could be
severely affected, potentially leading to an
international food crisis. In addition, some have
pointed out that it could destruct the
stratospheric ozone layer. It is therefore crucial to
examine possible side effects and explore methods
to contain them beforehand.

SMETRICB L E > TV D HERIX, CO2 237z
IR DT, HIERIREZ L OMELR AL DL IR
MBHTT, ZOFFEFLAEHRITAR D F TIHRENE
I, RERWENTIBZENANHY £, HlxiE7
V=T 0 ROKNET THHEHNPH S m EF 3250
HLNVER A, BARTIHIEFIZHAZBED EREd
HAREMERN R E -T2, ZRBASETLLEITHEE -
720, HENIEFITHEEIC iﬁof:@ L9, #ERR
B AL D Fe T D HHE 75:1&#7‘67‘_ ol O N ST 185
WRTIRAETB O Rt #5E- %b%t&/ﬂ%ﬁ
FEoTWETS,

The reason for an increasing interest in climate
engineering is that while the pace of CO2 emissions
reductions has been slow, the rate of global
warming is faster than expected. If the current
trend continued with further global warming, a
significant damage could materialize. For
instance, the melting of Greenland Ice Sheet may
trigger a 5-meter sea-level rise. In Japan, the risk
of landing of a very intense typhoon would become
higher, the flood and precipitation extremes
stronger, and very warm summers more frequent.

Scientists are now suggesting that sesearching
ea investigation into artificially cooling the earth
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as the last resort is necessary.

UL, BEELEFERETTHEBELTWSDIT

The scientists _are not wholeheartedly

THHVERA, 2 X FPOEVWTETZEET—ETSH

endorsing this technology, however. There is a

115 Z L3 veglere ., #RDOKEE —EOEI =

concern that a single country could control the

b=V LTLESREDHY 7, BIEMISH

global climate with a low-cost option. Because of

RAPZENS 7%, EEFOKECRDS L

the global influence of side effects, it could lead

FHA, IHIZIFMEREEOTEEZANE R 2 b

to_an international conflict. Moreover, it would

LTV VS HEOZREELHDED T,

present an _ethical question about whether

humans would be ever allowed to control the
world climate.

The question on the post-materialism index was replaced with the following one on the New Ecological

Paradigm.

QITZLLFOXEIZHONWT E Y BNETN?2HTIIELODIZOEDT TS, [4 KM : < I8P

2, EFLonESRITEIOBPRY, FLELNEFSRITE oM, €O, 630

Q17: For each of the following statements, please choose the one that best describes your opinion [on a 4-point

scale]. [4-point scale: disagree, somewhat disagree, somewhat agree, agree, unsure]

1. HERITGE L BRAR SN TZFHMO L5 R b D TH D

1. The Earth is like a spaceship with very limited room and resources.

CNBITEREZ S D OITFAET D

N

2. Humans were meant to rule over the rest of nature

3. HRDNT » ZFIFFITHA T, fHEICANTLE D

3. The balance of nature is very delicate and easily upset

4. NEIZ, <@ <IZARDOHEMAZ +oIC B fE L, 2 br— L TELX5ICRD71EA59

4. Humans will eventually learn enough about how nature works to be able to control it

5. BN Z o F FFeiHT., A RREMENELZ 57259

5. If things continue on their present course, we will soon experience a major ecological catastrophe
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