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a b s t r a c t

South Korea, a country that built a world-class nuclear power infrastructure, shifted to a nuclear phase-
out during the previous government's reign. This shift was pursued as part of a larger task of electricity
mix reform, and one of the integral motives for such reform is addressing greenhouse gas (GHG) and fine
dust problems. Thus, verifying the relationships between the public's concerns about GHG/fine dust and
their acceptance of nuclear power generation is essential for designing public communication strategies
to revive nuclear power under the ongoing environmental regime. Our analysis using a nationwide
survey sample of South Korea (N ¼ 1009, through proportionated quota sampling method) showed that
the more people are concerned about GHG and fine dust, the less they accept nuclear power. These
relationships held even after controlling for the effect of a third variabledenergy-related environmen-
talism. This finding means that despite past communication efforts positioning nuclear power as a
generation source that can mitigate GHG/fine dust emissions and the widely accepted scientific evidence
that supports such positioning, nuclear power in Korea is in jeopardy. Our finding provides implications
for public communications and fundamental knowledge for research on the determinants of nuclear
power acceptance.
© 2022 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

South Korea (hereafter, Korea) is one of the countries where the
status of nuclear power has been dramatically changing in the last
few years. In 2016, Korea ranked fourth in theworld for the number
of nuclear power plants; 13th for the proportion of nuclear power
in electricity mixdthe combination of primary sources to generate
electricity [1]. However, the Moon Jae-in government, inaugurated
in 2017, pushed ahead with a nuclear phase-out [2e4]. More
recently, Yoon Suk-yeol’s new government is pushing for the
withdrawal of the nuclear phase-out [5]. This series of shifts in
national stance over nuclear power constantly caused fierce con-
troversies in Korean society [6e10], implying a firm revival of nu-
clear power in Korea requires continuous communication to
enhance acceptance of nuclear power generation among the
. Lee), skroh@police.ac.kr

by Elsevier Korea LLC. This is an
publicda significant influencer on energy policy [11,12].
The former government's pursuit of the nuclear phase-out in

Korea was part of a larger task of electricity mix reformdphasing
out coal and nuclear power while expanding natural gas and new
renewable energy in the electricity mix. Thus, in Korea, the revival
of nuclear power means easing the pace of expansion of new
renewable energy [2,13]. In this respect, appealing to certain sig-
nificant motives for expanding new renewable energy met by nu-
clear power would help boost public support for nuclear revival by
weakening the legitimacy of the rapid expansion of new renewable
energy.

Among the various and complex motives for the Korean public
to support new renewable energy, an integral one is addressing
environmental problems [3,4]: greenhouse gases (GHGs) and fine
dust. In Korea, like over the globe, new renewable energy has been
positioned as an electricity generation source that reduces GHG
emissions [14], which are the main cause of human-induced
climate change [15]. The other issue considered heredthe fine
dust problemdfeels more relevant to Korean people's everyday
lives [16]: fine dust causes various physical problems such as
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respiratory disease, headache, eye disease, and visual shocks. In
Korea, public concerns regarding fine dust have been rapidly rising,
particularly during the last decade [17]. The reduction of fine dust
emerged as one of the hottest issues in the 2017 presidential
election [18]. Coal power generation is one of the main sources of
fine dust emissions in Korea [19]. In contrast, new renewable en-
ergy is a generation source with low fine dust emissions. Thus,
expanding new renewable energy has been framed as a way to
mitigate fine dust emissions in Korea [20].

However, one thing to note is that new renewable energy is not
the only generation source that tackles the two problems above:
GHG and fine dust emissions of nuclear power generation are also
extremely low [21e23]. The more serious people's concern about a
certain problem, the more favorable their response to a solution
addressing that problem [24e27]. Thus, it seems intuitive at first
glance that the public's concerns about GHG and fine dust problems
would lead them to greater acceptance of nuclear power genera-
tion. However, whether this common-sense reasoning fits well
needs confirmation. For example, some previous studies found that
those who are more concerned about climate change may not
necessarily respond to nuclear power more positively [28e30].

The signs (i.e., positive or negative) of those relationships provide
basic knowledge regarding effective public communication strate-
gies for nuclear power. Such signs enable us to diagnose whether the
public recognizes nuclear power as a method to mitigate GHG and
fine dust emissions during generation. Furthermore, depending on
such signs, the focus and priority of public communication efforts
can vary. For example, if such relationships are positive and reflect
causal relationships, it implies that stimulating the public's concern
about either GHG or fine dust may help improve their acceptance of
nuclear power generation. However, it is difficult to find a study
targeting the Korean public to investigate the above relationships
and derive the direction of the public communication strategy for
enhancing nuclear power acceptance based on the research results.
In addition, studies reflecting the relationship between concern
about fine dust and nuclear power acceptance in the research model
are difficult to find in Korea and other countries.

Prompted by this research need, the present study investigates
the relationships between the Korean people's concerns about GHG
and fine dust and their acceptance of nuclear power generation. In
verifying such relationships, we control for the effect of a potential
third variable [31,32] that reflects an individual's pro-
environmentalism. Such a variable could positively affect GHG
and fine dust concerns while negatively affecting nuclear power
acceptance [29,33,34], thereby rendering the relationships of our
interest biased.

The subsequent sections, Theoretical bases and Analysis strategy,
detail our theoretical bases and derived analysis models. The
Methodology section describes the sample and variables of interest.
In the Results section, using a nationwide survey sample of Korea, we
found that (1) people's concerns about GHG and fine dust had
negative relationships with their acceptance of nuclear power gen-
eration and (2) such relationships remained negative even after
controlling for the effect of a pro-environmentalism variable (i.e.,
energy-related environmentalism). The Discussion section provides
implications to be considered by energy scholars and practitioners.
The Conclusion section summarizes the finding and suggests future
research directions.

2. Theoretical bases

2.1. The relationship between environmental concern and nuclear
power acceptance

The more serious people perceive a certain problem, the more
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favorable they should be to an alternative addressing that problem
[24e27]. Consistent with this notion, studies combining the norm
activation model (NAM) and the theory of planned behavior (TPB)
showed that an individual's awareness of a problem (a major factor
in the NAM) positively influences their attitude toward an object (a
major factor in the TPB) that is congruent with the problem's
mitigation or solution (e.g. Refs. [27,35e37]).

A widely accepted scientific fact is that GHG and fine dust
emissions of nuclear power generation are extremely low [38].
Considering this scientific fact and the previous findings on the
effect of problem awareness on attitude toward the solution, peo-
ple's concerns about GHG and fine dust should lead to their
acceptance of nuclear power generation. Regarding concern about
GHG, some existing studies showed consistent findings with this
common-sense relationship (e.g. Ref. [39]); however, several others
found the reversedthose who are more concerned about climate
change tend to respond to nuclear power more negatively
(e.g. Refs. [28,29,33,40]). In contrast to this research attention, in-
vestigations of the relationship between concern about fine dust
and nuclear power acceptance are difficult to find, probably
because the fine dust problem is not as global an issue as the GHG
problem.
2.2. Environmental value as an antecedent of environmental
concern

An individual's values may act as filters: they may lead the
individual to seek information selectively and be more aware of
the seriousness of consequences of a particular object that is
dissonant with them [41]. Consistent with this view, the value-
belief-norm (VBN) theory of environmentalism postulates that
an individual's values influence their pro-environmental beliefs
and personal norms, affecting their pro-environmental behavior
[42,43]. Many empirical studies that adopted the VBN theory
showed that value significantly predicts problem awareness. For
example, regarding environmentally friendly values, several
studies found that pro-environmental values such as ecocentrism,
environmental worldviews, or biospheric value increase aware-
ness of the negative consequences of environmental problems
(e.g. Refs. [44e48]). Furthermore, in the context of nuclear power
acceptance, Whitfield et al. [49] found that altruistic values,
several of whose items were about the degree of valuing nature
and environment, are a significant positive predictor of new
ecological paradigms, which correspond to a variable of envi-
ronmental concern. These findings indicate that people with
environmentally friendly values are likely to have a higher level of
environmental concern, meaning that they take environmental
problems more seriously.
2.3. Environmental value as an antecedent of nuclear power
acceptance

An individual's values on different targets direct their attention
toward value-congruent information, which in turn affects their
attitudes toward the targets [50]. Thus, one's values are an impor-
tant determinant of their acceptance of the generation source [51].
Among those values, environmental values exert differentiated
effects on attitudes toward different generation sources [34]. For
example, previous research found that people with strong envi-
ronmental values favor new renewable energy [52] and show less
favor, support, or acceptance of nuclear power generation
[33,49,50]. This can be attributed to the fact that nuclear power's
risks of radioactive contamination and accidental nuclear disasters
is not consonant with pro-environmental values [29,33].
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3. Analysis strategy

3.1. The relationships between GHG/fines dust concerns and nuclear
power acceptance

As noted in sections 1 and 2.1, the relationship between envi-
ronmental concern and nuclear power acceptance needs investi-
gation. Thus, we examine the relationships between concerns
about GHG and fine dust and acceptance of nuclear power gener-
ation. To avoid a suppression effect [53], we examine these two
relationships using separate regression models:

AccNuc ¼ a1 þ b11ConGHG þ b12Gen þ b13Age þ ε1 (1)

AccNuc ¼ a2 þ b21ConFD þ b22Gen þ b23Age þ ε2 (2)

where

AccNuc ¼ the respondent's acceptance of nuclear power
generation,
ConGHG ¼ the respondent's concern about GHG,
ConFD ¼ the respondent's concern about fine dust,
Gen ¼ the respondent's gender,
Age ¼ the respondent's age,
aj ¼ constant term,
εj ¼ error term.
3.2. Environmental value as a third variable in the
concerneacceptance relationships

As noted in section 2.2, environmental value is likely a positive
antecedent of environmental concern. Considering this, a variable
that reflects an individual's pro-environmentalism is likely to be an
antecedent of concerns about GHG and fine dustdspecific forms of
environmental concern. In addition, according to section 2.3, such a
pro-environmentalism variable is likely to be a negative antecedent
of nuclear power acceptance. Thus, such a variable is likely to
correspond to a third variable in the relationships between the
concern variables and the acceptance variable. The omission of this
third variable can result in a bias in estimating the relationships
[31,32]. Thus, it is necessary to control for the effect of a pro-
environmentalism variable to increase understanding regarding
the relationships between concerns about GHG/fine dust and nu-
clear power acceptance among the Korean public.

For such a pro-environmentalism variable, we need a variable
specified in the context of energy acceptanceda variable showing
which among environmental and economic aspects an individual
values more highly when evaluating/accepting a generation source.
We refer to this variable as energy-related environmentalism. At
this step, we examine the predictive validity of this proposed third
variable. First, we will test whether energy-related environmen-
talism positively influences concerns about GHG and fine dust,
through a bivariate regression [54] as follows:

ConGHG ¼ a3 þ b31EE þ b32Gen þ b33Age þ ε3 (3)

ConFD ¼ a4 þ b41EE þ b42Gen þ b43Age þ ε4 (4)

where

EE ¼ energy-related environmentalism,
error terms ε3 and ε4 are correlated.

Second, wewill check whether energy-related environmentalism
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is predictive of the acceptance variables of general generation
sourcesdnuclear power, coal power, and new renewable energy.
Extant studies found that people with environmentally friendly
values tend to be less supportive of fossil power and nuclear power
and more supportive of new renewable energy
(e.g. Refs. [29,33,34,55]). Thus, we will run a multivariate regression
as follows:

AccNuc ¼ a5 þ b51EE þ b52Gen þ b53Age þ ε5 (5)

AccCoal ¼ a6 þ b61EE þ b62Gen þ b63Age þ ε6 (6)

AccNRE ¼ a7 þ b71EE þ b72Gen þ b73Age þ ε7 (7)

where

AccCoal ¼ acceptance of coal power generation,
AccNRE ¼ acceptance of new renewable energy generation,
error terms ε5 to ε7 are correlated.
3.3. Controlling for the effect of the proposed third variable in the
concerneacceptance relationships

Suppose that we find energy-related environmentalism is a
third variable affecting both (1) GHG and fine dust concerns and (2)
acceptances of nuclear power, coal power, and new renewable
energy. In this case, we will examine the relationships between
such concerns and nuclear power acceptance while controlling for
the effect of this third variable by including the third variable in the
regression models [56,57] as follows:

AccNuc ¼ a8 þ b81ConGHG þ b82EE þ b83Gen þ b84Age þ ε8 (8)

AccNuc ¼ a9 þ b91ConFD þ b92EE þ b93Gen þ b94Age þ ε9 (9)

4. Methodology

4.1. Sample and data collection

The study used a dataset built by the Hyundai Research Institute
[58], an economic research institute in Korea. The survey was car-
ried out in May of 2018, the year after the launch of the Moon
government and its nuclear phase-out policy. The survey targeted
the Korean population 20 years old and older through telephone
interviews. The data collection was outsourced to a professional
opinion research firm. The sampling adopted proportionated quota
sampling method [59] and considered the population sizes by re-
gion, gender, and age. The proportions of quotas were set based on
the resident registration population as given by the Korean Min-
istry of Government Administration and Home Affairs in September
of 2017. The interviewers contacted the respondents through
landline random digit dialing. The survey collected data from 1009
respondents: the confidence level was 95%, and the margin of error
was ±3.1% points. Table 1 shows profiles of the study sample
(N ¼ 1009).

4.2. Measures

4.2.1. Main independent variables
In the environmental literature, researchers frequently measure

problem awareness by asking about the degree to which the
respondent is aware of the negative consequences of practice



Table 1
Sample profile.

Variable Description Distribution

Gender Respondent's gender Male 50.64%
Female 49.36%

Age Respondent's age (measured in
specific age)

20e29 18.43%
30e39 18.44%
40e49 21.80%
50e59 20.32%
60þ 21.01%

Area Respondent's residential area Seoul 20.81%
Busan 7.43%
Daegu 5.15%
Incheon 5.35%
Gwangju 3.07%
Daejeon 3.07%
Ulsan 2.18%
Gyeonggi Province 21.70%
Gangwon Province 3.27%
Chungcheongbuk
Province

3.17%

Chungcheongnam
Province

3.96%

Jeollabuk Province 3.67%
Jeollanam Province 3.96%
Gyeongsangbuk
Province

5.45%

Gyeongsangnam
Province

6.54%

Jeju Province 1.19%

Note. N ¼ 1009.
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without countermeasures or precautions: for example, negative
consequences from current delivery methods [35], a specific in-
dustry [37], etc. Similarly, energy literature measures concern
about climate change (alternatively called the perception of climate
change, perception of the seriousness of climate change, etc.) by
asking about the respondents' perceived seriousness of conse-
quences of GHG emissions (e.g. Refs. [28,29,33]). Consistent with
this, the present study's survey measured respondents' concern
about GHG as follows: “What do you think about the social cost of
greenhouse gas emissions that causes global warming?” (1 ¼ “very
high”; 2 ¼ “somehow high”; 3 ¼ “normal”; 4 ¼ “somehow low”;
5 ¼ “very low”). Concern about fine dust was also assessed: “What
do you think about the social cost of fine dust emissions?”
(1 ¼ “very high”; 2 ¼ “somehow high”; 3 ¼ “normal”;
4 ¼ “somehow low”; 5 ¼ “very low”). The answers to both items
were reverse-coded.
4.2.2. Dependent variable
Acceptance of nuclear power generation measured the re-

spondents' opinion on the desirable portion of nuclear power in the
Table 2
Correlations and descriptive statistics of key variables.

Variable a b

a. EE
b. ConGHG 0.10**
c. ConFD 0.10** 0.63***
d. AccNuc �0.22*** �0.17***
e. AccCoal �0.13*** �0.19***
f. AccNRE 0.16*** 0.17***

Mean 2.25 3.94
Standard deviation 0.60 0.97

Note. *p < 0.05, **p < 0.01, ***p < 0.001. EE ¼ energy-related environmentalism; ConGH

nuclear power; AccCoal ¼ acceptance of coal power; AccNRE ¼ acceptance of new renewab
five-point scale ranging from 1 to 5.
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country's electricity generation [60,61]. The item asked the re-
spondents the following question: “What do you think the pro-
portion of nuclear power for electricity generation should be?”
(1 ¼ “should be reduced drastically”; 2 ¼ “should be reduced
gradually”; 3 ¼ “should be maintained at the current level”;
4 ¼ “should be expanded gradually”; 5 ¼ “should be expanded
drastically”).

4.2.3. The third variable
A prevalent way to measure an individual's environmentalism is

by asking about the degree to which the individual values the
environment or nature (e.g. Refs. [44e48]). In the context of energy
policy, the present study's survey measured the respondents'
energy-related environmentalism by asking about which they
value more between environmental protection and cost efficiency
regarding the country's energy policy. The item (“Which of the
following energy policy criteria do you agree with the most?”) used
a three-point scale (1 ¼ “even if generation costs increase, elec-
tricity from energy sources that do not threaten the environment
and safety should be supplied first”; 2 ¼ “even if it threatens the
environment and safety, electricity made from energy sources that
cost less should be supplied first”; 3 ¼ “electricity should be sup-
plied by considering both the impact on the environment and
safety, and the cost of energy sources together”). Responses were
re-coded so that a greater score represents a higher level of energy-
related environmentalism (i.e., 1, 2, 3 re-coded as 3, 1, 2,
respectively).

4.2.4. Other variables
The survey measured acceptances of coal power and new

renewable energy consistent with nuclear power, using the
following questions (one version for each energy source): “What do
you think the proportion of [energy source] for electricity genera-
tion should be?” (1 ¼ “should be reduced drastically”; 2 ¼ “should
be reduced gradually”; 3 ¼ “should be maintained at the current
level”; 4 ¼ “should be expanded gradually”; 5 ¼ “should be
expanded drastically”). In addition, demographic variables such as
the respondent's gender (contrast-coded: male ¼ �1; female ¼ 1),
age, and area were measured. Table 2 shows correlations and
descriptive statistics of the key variables. We used Stata version 15
for all the statistical analyses hereafter.

5. Results

5.1. The relationships between GHG and fine dust concerns and
nuclear power acceptance

As Table 3 shows, both GHG concern and fine dust concern had a
significant negative relationship with nuclear power acceptance
c d e f

�0.19***
�0.18*** 0.31***
0.12*** �0.26*** �0.19***

4.00 2.30 2.00 4.07
0.98 0.84 0.75 0.79

G ¼ concern about GHG; ConFD ¼ concern about fine dust; AccNuc ¼ acceptance of
le energy. EE used a three-point scale ranging from 1 to 3; the other variables used a



Table 3
Regression coefficients for acceptance of nuclear power generation.

Independent variables Dependent variable:
AccNucy

Gen �0.07 (0.03)* �0.07 (0.03)* �0.07 (0.03)* �0.07 (0.03)*
Agey 0.17 (0.03)*** 0.17 (0.03)*** 0.16 (0.03)*** 0.16 (0.03)***
ConGHG

y �0.19 (0.03)*** �0.17 (0.03)***
ConFD

y �0.19 (0.03)*** �0.17 (0.03)***
EEy �0.20 (0.03)*** �0.20 (0.03)***

Model F 22.41*** 28.34*** 24.08*** 30.16***
R2 0.07 0.11 0.07 0.11

Note. *p < 0.05; **p < 0.01; ***p < 0.001. AccNuc ¼ acceptance of nuclear power; Gen ¼ gender; Age ¼ age; ConGHG ¼ concern about GHG; ConFD ¼ concern about fine dust;
EE ¼ energy-related environmentalism. y The variable has been standardized.
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(standardized b11 ¼ �0.19, t ¼ �5.94, p < 0.001; standardized
b21 ¼�0.19, t¼�6.25, p < 0.001), when the effect of energy-related
environmentalism was not controlled for.
5.2. The relationships between GHG and fine dust concerns and
nuclear power acceptance when the effect of the third variable is
controlled for

5.2.1. The predictive validity of the third variable
Energy-related environmentalism was found to have a signifi-

cant positive effect on concern about GHG (standardized b31 ¼ 0.10,
t ¼ 3.17, p < 0.01) and that about fine dust (standardized b41 ¼ 0.11,
t ¼ 3.36, p < 0.01). These mean that individuals with a greater level
of environmentalism regarding energy tend to take GHG and fine
dust emissions more seriously.

Energy-related environmentalism was found to have a signifi-
cant negative effect on acceptance of nuclear power generation
(standardized b51 ¼ �0.22, t ¼ �7.16, p < 0.001) and that of coal
power generation (standardized b61 ¼ �0.14, t ¼ �4.33, p < 0.001)
but a significant positive effect on acceptance of new renewable
energy generation (standardized b71 ¼ 0.16, t ¼ 5.06, p < 0.001).
These effects are consistent with the previous findings that people
with pro-environmental value accept new renewable energy but
tend to reject fossil power or nuclear power [33,34,55]. Therefore,
we can state that our proposed third variable (i.e., energy-related
environmentalism) has a predictive validity: its effects on accep-
tances of different types of generation sources are consistent with
the theoretical prediction.

Overall, energy-related environmentalism was found to have a
significant positive effect on our main independent variables (GHG
concern and fine dust concern) and a significant negative effect on
our main dependent variable (nuclear power acceptance). Thus, we
need to control for the effect of energy-related environmentalism
in the relationships between the main independent variables and
the main dependent variable.
5.2.2. Controlling for the effect of the third variable
The left half of Table 3 and Fig. 1a compare the relationship

between GHG concern and nuclear power acceptance when the
third variable effect of energy-related environmentalism was un-
controlled and controlled. We tested the strength of the third var-
iable effect using bootstrapping [62]. Energy-related
environmentalism only partially explained the negative relation-
ship between GHG concern and nuclear power acceptance
(Db ¼ �0.02, z ¼ �2.55, p < 0.05). Even when controlling for the
effect of energy-related environmentalism, the relationship
remained significantly negative (standardized b81 ¼ �0.17,
t ¼ �5.51, p < 0.001).

These results were similar regarding the relationship between
fine dust concern and nuclear power acceptance, as illustrated in
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the right half of Table 3 and Fig. 1b. Energy-related environmen-
talism only partially explained the negative relationship between
fine dust concern and nuclear power acceptance (Db ¼ �0.02,
z ¼ �2.59, p < 0.01). The relationship remained significantly
negative (standardized b91¼�0.17, t¼�5.75, p < 0.001) evenwhen
controlling for the effect of energy-related environmentalism.

Overall, the negative relationship between concern about GHG
and nuclear power acceptance (see Fig. 1a) and that between
concern about fine dust and nuclear power acceptance (see Fig. 1b)
cannot be wholly attributed to the proposed third variable (i.e.,
energy-related environmentalism). Therefore, we cannot rule out a
possibility that such negative relationships are causal relationships
between the concern variables and the acceptance variable.
6. Discussion

6.1. Possible underlying mechanisms of the finding

Our analysis revealed that whereas Korean people with greater
concerns about GHG/fine dust may oppose nuclear power partially
based on their strong pro-environmental value, they may reject the
power for other reasons. Our statistical results do not directly
reveal these ‘other’ reasons. However, combining our results with
extant studies implies some possibilities.

First, the above negative relationships may be rooted in the
Korean public's insufficient knowledge regarding nuclear power.
Chung and Kim [28] found that a larger portion of the Korean public
(43%) agree that nuclear power generation exacerbates climate
change (34% “disagree” and 24% “do not know”). These authors also
introduced similar results from a survey conducted by the Korea
Nuclear Energy Agency (KNEA) in 2015: 54.2% of respondents
perceived nuclear power as not contributing to “solving the climate
change problem” [28]. This public notion of nuclear powermay also
be true for fine dust. For instance, if they lacked knowledge about
nuclear power, thus misunderstanding that nuclear power accel-
erates GHG emissions, such a lack of knowledge may also lead to a
misunderstanding that the power also accelerates fine dust emis-
sions. If this is the case, the consequence can be: the more con-
cerned about GHG and fine dust emissions, the lower their level of
nuclear power acceptance.

Second, there is a possibility that people who are concerned
about GHG and fine dust emissions make judgments about nuclear
power using their environmentally friendly heuristics rather than
seriously considering the relationship between such emissions and
nuclear power. That is, rather than using rational and systematic
analysis of the consequences of nuclear power, people may use
analytic “short cuts” drawing from existing beliefs and emotions
tied to prior experiences [63,64]. There are associations between
nuclear power and environmentally negative keywords, such as
nuclear weapons and explosions [63,65]. The media reinforce these



Fig. 1. Energy-related environmentalism as a third variable in the relationships between the concern variables and nuclear power acceptance.
*p < 0.05; **p < 0.01; ***p < 0.001. Coefficients are standardized ones.
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associations. For example, one of the most representative images of
nuclear power is that of mushroom clouds. As a result, nuclear
power, radioactive isotopes in medical use, and nuclear weapons
remain interconnected in most people's minds, although these
technologies have separate infrastructures [63,66]. Under these
associations, it is not surprising that people concerned about GHG
and fine dust, which reflects their concerns about safety and health,
have a negative attitude toward nuclear power.

6.2. Policy implications

Nomatter which of the possibilities we raised above is closest to
the specific underlying mechanism of our finding, the finding
means that nuclear power in Korea is in jeopardy despite the
widely accepted scientific evidence that nuclear power is a gener-
ation source that can mitigate GHG/fine dust emissions [21e23].
Detailed emphasis can vary subtly depending on the above possi-
bilities in addressing this jeopardy.

First, if it is the case that the negative relationships between
GHG/fine dust concerns and nuclear power acceptance reflect the
people's incorrect or insufficient knowledge about nuclear power's
environmental contributions, then improving such public knowl-
edge should be given the priority, on the following grounds. The
effect of public perception of nuclear power's contributions to
reducing GHG emissions on nuclear power acceptance is found to
be consistently positive in several studies from Korea and abroad
(e.g. Ref. [67,68]). In addition, previous research abroad has pro-
vided some evidence that nuclear power acceptance is increased
when the power is explicitly framed as a potential method of
mitigating climate change (e.g. Ref. [33,69]). Thus, it can be infer-
red: once people in Korea have the correct knowledge that nuclear
power generation can reduce GHG and fine dust emissions, they
will be more likely to accept nuclear power. These research findings
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and reasoning indicate that the pro-nuclear sides need to focus on
disseminating scientific knowledge about the environmental ben-
efits of nuclear power and regular and careful monitoring of the
consequences of such efforts. Particularly, in our analyses, the
negative relationships between GHG/fine dust concerns and nu-
clear power acceptance remained negative even after controlling
for the effect of the likely third variabledenergy-related environ-
mentalism. Therefore, we should not rule out the possibility that
these negative relationships are negative causality. In the presence
of such a negative causal relationship, solely evoking the severity of
the GHG/fine dust problems without sufficiently enhancing public
knowledge of nuclear power's mitigation of such problems would
negatively affect public acceptance of nuclear power generation.

Second, suppose that our finding of the negative relationships is
rooted in people's heuristic judgments about nuclear power. In that
instance, the communication strategies need to consider the
following: (1) bringing the public judgment of nuclear power into
the realm of rational judgment, not heuristics, (2) blocking the
source of public heuristic judgments that are unfriendly to nuclear
power, and (3) inducing the public's heuristic judgments to work in
favor of nuclear power, or all or any of them. The first and second
strategies above would continuously provide the public with scien-
tific knowledge of the safety of nuclear power, which several studies
suggest (e.g. Ref. [70]), in a variety of easy-to-understand informa-
tion. Although the specific mechanisms of heuristic judgments are
various, their common motivation is to ease the cognitive load of
judgment, which increases not only when the relevant information
is complex but alsowhen the information is less available [63]. Thus,
information delivering scientific facts about the safety of nuclear
power should be structured so that the public can understand such
information with less cognitive load. The third strategy is a sort of
“heuristic for heuristic” approach. An example of a heuristic that can
elicit a positive response to nuclear power is the “trust heuristic:” the
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argument from a trustworthy authority provides the public with a
plausible reason to follow such an argument [64,71]. Therefore, one
of the urgent tasks for pro-nuclear groups in Koreawould be gaining
the public's trust. In addition, examples of countries that are
expanding or have withdrawn nuclear phase-out policy among the
world's major developed countries can also serve as heuristics to
induce a positive response to nuclear power.

7. Conclusion

Our analysis using a nationwide survey sample of Korea showed
that the more people are concerned about GHG and fine dust, the
less they accept nuclear power. These relationships remained
negative even after controlling for the effect of a third varia-
bledenergy-related environmentalism. This finding means that
despite past communication efforts positioning nuclear power as a
generation source that can mitigate GHG/fine dust emissions [72,73]
and the widely accepted scientific evidence that supports such
positioning [21e23], nuclear power in Korea is in jeopardy. In
connection with the findings from previous studies, we discussed
possible underlying mechanisms of such counter-intuitive finding.
We suggested a couple of guidelines for public positioning strategies
for nuclear power in Korea, considering the discussed possibilities.

Our finding is also alarming to other countries operating or pur-
suing nuclear power plants. Korea, before its previous government of
Moon Jae-in, was a country that nationally promoted nuclear power
generation as a pro-environmental generation source [72,73]. If this
positioning is poorly accepted in a country like Korea, we cannot rule
out the possibility that such positioning is also poorly accepted in
other countries. This possibility implies that nuclear powermay be in
jeopardy not only in Korea but also in other countries.

The present study also has the following limitations. First, it did
not directly measure people's knowledge or perception of whether
nuclear power mitigates GHG/fine dust emissions. Thus, future
surveys on the determinants of nuclear power acceptance need to
include both of the following kinds of variables: (1) variables on the
respondents' concerns about GHG/fine dust emissions and (2)
those on the respondents' knowledge/perception on nuclear
power's benefits in mitigating such emissions. Then, research could
be done to compare the relationships between the concern vari-
ables and nuclear power acceptance between a group with a low
level of knowledge/perception on nuclear power's benefits and a
group with a high level of such knowledge/perception. Thereby,
clearer and more decisive evidence could be found on whether
nuclear power is on false charges and whether such false charges
are inverting the intuitive relationships between GHG/fine dust
concerns and nuclear power acceptance.

Second, several other factors on nuclear power acceptance are
missing in the present study: for example (1) perceptions of nuclear
power's benefits (e.g., economic benefits and environmental ben-
efits [74]), (2) risks (e.g., risks of chronic radiation and accidental
nuclear catastrophe [75]), and (3) environmental concern variables
that can specifically affect these benefit and/or risk perceptions. As
noted in section 6.1 and according to the trust-acceptability model
and the benefit-risk framework, perception of risk from nuclear
power negatively influences nuclear power acceptance [11,61,76].
In addition, Hu et al. [39] proposed perceptions regarding nuclear
power as mediators between environmental concern and nuclear
power acceptance. Thus, there is a strong possibility that an envi-
ronmental concern variable that positively affects risk perception of
nuclear power (e.g., concern about environmental safety) may
negatively affect nuclear power acceptance by affecting such
perception. In this case, if such an environmental concern variable
is also associated with GHG/fine dust concerns, there is a possibility
that such concern variable is a third variable that can explain the
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negative relationships between GHG/fine dust concerns and nu-
clear power acceptance. Therefore, future studies need to include
perceptions of nuclear power and their antecedent variables asso-
ciated with GHG/fine dust concerns.

Third, the present study only focused on environmental motives
for generation sources. However, the expansion of new renewable
energy accompanying nuclear phase-out has other additional mo-
tives: for example, economic benefits (e.g., development of related
technology and industries), safety (e.g., liberation from the danger of
radioactive leakage and nuclear accidents), and others [77]. Thus, in
exploring which of the motives for new renewable energy can be
met by nuclear power, researchersmust also consider thesemotives.

Fourth, our dataset did not reflect the respondents' proximity to
nuclear facilities in the analysis despite the possibility that in-
dividuals living in the vicinity of a nuclear facility may respond
differently to environmental issues and nuclear power. This study's
survey only distinguished the residential area at the province or
metropolitan city levels, which is not detailed enough for precise
proximity indication. For example, Uljin County, the location of the
Hanul Nuclear Power Site, belongs to Gyeongsangbuk Province but
is bordered by Gangwon Province. Thus, several areas in Gangwon
Province are closer to this county than many other areas that
belong to the county's province. Therefore, future studies need to
measure the residential area at the city or county level to get an
area's precise proximity to a nuclear facility.
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