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Abstract
Literature expects that an attitude toward nuclear power is in direct proportion to the
perceived risk of accidents at operational nuclear power plant; that is, the oppositional
attitude is based on the view that nuclear technology is risky and support for nuclear power
is related to a perceived low risk and/or potential benefit. However, it is misleading to
assume that individuals’ risk perception alone can linearly explain their position after such
an accident. The association between risk perception and attitude toward nuclear power
varies significantly according to country but, until now, has been largely unexamined. This
article takes into consideration the effects of structural factors on that relationship by
examining public attitudes toward nuclear energy after the Fukushima nuclear accident in
March 2011 and reveals that the need for the efficient production of electricity (i.e., nuclear
energy) outweighs concern for the potential danger of a nuclear incident. Although a
country’s dependence on nuclear power for the production of electricity engenders
anti-nuclear attitudes, it is evident that a level of economic development largely alleviates
any negativity relative to that energy source.
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Introduction
After a long silence since the Chernobyl accident in 1986, the March 11, 2011 incident at
Fukushima following the earthquake in the northeastern part of Japan caused not only the
Japanese public, but the entire global community, to once again be reminded of the
potential danger of nuclear power. This reawakening of public awareness as to the
potential risks of nuclear power seems to have had a significant effect on individuals’
attitudes toward that energy source.
Public attitude toward nuclear energy has been one of the major academic interests.
People’s fundamental values and beliefs about society are possible factors that frame their
nuclear attitude. Zetterberg (1980) shows that post-materialist values are closely linked to
anti-nuclear attitude (see also Ladd et al., 1983; Mitchell, 1984; Scaminaci and Dunlap,
1986). The media also influences individual attitude toward nuclear energy, while it is not
evident whether the exposure of information promotes pro-nuclear attitude (Firebaugh,
1981) or anti-nuclear attitude (Gofman and Tamplin, 1971; Manzur, 1975, 1981, 1984).
Fishbein (1963) and Fishbein and Hunter (1964) argue that those individual
attitudes are based on anticipated consequences of the introduction of nuclear technology.
Other empirical studies also find that perceptions of potential costs and benefits of nuclear
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energy are associated with citizens’ nuclear attitudes (e.g., Otway and Fishbein, 1976;
Sundstrom et al., 1981; Sundstrom et al., 1977). More importantly, proponents and
opponents of nuclear energy attach values to different aspects of the energy source; the
former group stresses the potential benefits, yet the latter group is concerned with safety
issues (see Eiser and van der Pligt, 1979; van der Pligt et al., 1982).
After the Fukushima incident, many international polls have been administered
to examine public attitudes toward nuclear energy. As conducted by one of the leading
newspapers in Japan, the Asahi Shimbun, a survey in seven major countries including
Japan, the U.S., France, South Korea, Germany, Russia, and China, all of which possess
nuclear power plants, found that the Fukushima incident has had a significant impact on
the growth of negative attitudes toward nuclear power. The results show that public
opinion in Japan and Germany has been swayed by the nuclear crisis; 42% of those
queried in Japan oppose the use of nuclear energy, and only 19% of the respondents in
Germany have a positive attitude toward nuclear energy. However, the survey result also
found that the publics in both France and the U. S. have been less influenced and, rather,
continue to support the use of nuclear energy (51% in France and 55% in the U.S.). The
Chinese, as well, have been affected by the incident, although 51% of the respondents
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still favor the use of nuclear energy.
Why does such a difference in attitude toward nuclear power appear between
these countries? From the perspective of the cost-benefit framework, the public concern
for a future nuclear crisis may be a possible answer. In the Asahi Shimbun survey, the
percentage of those concerned (including "very" and "somewhat") about a possible major
accident at a nuclear plant in their own country is very high; in South Korea, 82% of the
respondents are concerned about it, and in Russia, 80%. However, this explanation is
checked by the finding that concern is high even in countries where the public tends to
favor the use of nuclear energy; 61% of the respondents in the U.S. are concerned about
another nuclear accident, as are 83% in China.
Given the discrepancy in attitudes between countries, it is not entirely clear how
the perceived risk of nuclear power affects public opinion. Using survey data that include
samples collected from countries that have and countries that do not have nuclear power
plants, this article examines how the variance in risk perception is related to attitudes
toward nuclear power. A public’s risk perception as to nuclear power derives not only
from the prospect of a possible incident but also from individuals’ trust in the
administrative control of nuclear power plants.
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Acknowledging that apprehension about another nuclear crisis is indeed a major
explanatory variable that determines public sentiment toward nuclear energy, this article
argues that structural contexts also need to be taken into account in order to explain the
observed gap in the relationship between risk perception and attitudes toward nuclear
power across countries. The demand for electricity and degree of dependence on nuclear
energy, in particular, both directly and indirectly influence individuals’ attitude toward
nuclear power. Employing the multilevel modeling, an empirical analysis reveals that, by
conditioning individuals’ risk perception, a demand for the massive consumption of
electricity due to economic development reduces negativity to nuclear energy, and in
contrast, the degree of dependence on the energy source provokes negative attitudes
toward its use for the production of electricity.

Dramatic Events and Public Opinion
Dramatic events have a significant impact upon public attitudes, especially when the
population is seriously affected by an experience involving a previously unknown risk, or
when it needs to radically revise its estimate of the size of a risk due to new
developments (Sjöberg and Engelberg, 2010; see also Sorrentino and Vidmar, 1974).
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Accidents that have occurred at nuclear power plants are examples of such extraordinary
events that have caused concern for not only the affected countries, but the entire global
population (e.g., de Boer and Catsburg, 1988; van der Brug, 2001). The severity of the
April 1986 Chernobyl nuclear power plant incident, for instance, brought attention to the
risks that accompany the use of modern large-scale technologies (Verplanken, 1991).
Unlike with the accident that occurred at the Three Mile Island nuclear power plant in
1979, Soviet reactors were not equipped with containment buildings, and the public was
shocked by the enormity of the damage left by the unanticipated disaster (Sjöberg and
Engelberg, 2010).
Various studies reveal that people became more critical about the use of nuclear
energy immediately after the Chernobyl accident. Employing public opinion polls in ten
European countries and the U.S. both before and after the Chernobyl accident,
Hohenemser and Renn (1988) and Renn (1990) give an overview of the levels of
opposition to nuclear power. Their findings primarily show that, despite the difference in
the extent to which the public in each country became oppositional to the technology
following the Chernobyl incident, those countries experienced a marked increase in
anti-nuclear attitudes after the accident.
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Dramatic events such as in Chernobyl appear to have a certain impact on public
attitudes toward nuclear energy. However, researchers still have to question whether the
changes in public opinion are permanent or transitory. Sorrentino and Vidmar (1974) note
the possibility that such a change in public opinion in time reverts to its pre-event level; in
other words, while nuclear opposition grows immediately after a crisis, it does in fact return
to the pre-crisis level. The pattern by which public support for nuclear power declines
immediately after a nuclear accident and eventually reverts back to the pre-incident level
has long been observed and has often been addressed in literature. A shift in public attitude
was evidenced not only in the aftermath of the Chernobyl accident but also in the months
following the Three Mile Island incident. In their article that examines survey results
showing the impact of these two incidents, de Boer and Catsburg (1988) also conclude that,
while significant shifts in attitude toward nuclear power do coincide with major nuclear
accidents, such large changes in public opinion are likely to be temporary.1
The impact from nuclear accidents is not confined to the occasional and
temporary shifts in public attitude immediately after major publicized incidents, but
extend beyond with the enduring use of nuclear power. The potential for nuclear
1

Rosa and Dunlap (1994) capture this phenomenon with a “rebound” hypothesis.
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accidents is in fact mirrored in the day-to-day management of nuclear power plants,
although this goes largely unnoticed due to the fact that there is no publicity when
reactors remain silent. The planned construction of a new nuclear power plant, however,
gives rise to new concern among residents living within the proximity of a proposed site.
Since the mid-1970s, surveys have examined public opinions about the local siting of
nuclear power plants (e.g., Rosa and Dunlap, 1994; Bolsen and Cook, 2008). Although a
high degree of opposition to the proposed locations of nuclear power plants is generally
observed (e.g., Rankin et al., 1981), local attitudes are typically based on thoughts that
focus on the specific costs as well as potential benefits rather than on general beliefs
about the risks that would accompany the construction of additional plants (Hughey et al.,
1985; Woo and Castore, 1980). Tanaka (2004) finds that factors that determine public
acceptance of the local siting of nuclear power plants are different from those that
determine public acceptance of nuclear energy in general.
Therefore, it is likely that even when generally agreeing on the use of nuclear
power, people take issue with the construction of nuclear power plants near their place of
residence. The acronym NIMBY (Not in My Backyard) is used to describe this
“self-contradictory” attitude (Portney, 1991). That is, the local siting of a nuclear power
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plant is likely to garner a more negative response from individuals than the general use of
nuclear power outside of their immediate vicinity.
The distinction between the concepts of NIMBY and NIABY (Not in Anybody’s
Backyard) may explain the discrepancy in attitudes toward nuclear power. Unlike the
decidedly personal focus of NIMBY, NIABY corresponds to a negative attitude toward
nuclear facilities in general. Although the public attitude reflective of NIABY may be
vaguer than that of NIMBY, to contextualize NIABY with a possible change in public
attitude after a nuclear crisis for the purpose of this study is not meaningless because that
association reflects people’s continued lack of confidence in the routine control of nuclear
energy. While it is consensus that a nuclear accident has an enormous effect on rendering
people’s attitude toward nuclear power negative, its impact largely varies according to the
contexts that frame individuals’ tolerance as to administrative attentiveness to nuclear
control at individual facilities.

Theories of Risk Perception and Anti-nuclear Attitudes
The public perception of risk as related to nuclear incident in one’s home country is a key
to determining post-incident attitude toward nuclear power. In terms of the public’s
9

evaluation of a crisis event, its attitude is largely influenced when characteristics of the
incident include terms such as “newness, familiarity, voluntariness, controllability,
catastrophic potential, and threat to future generations” (Tanaka, 2004). When dramatic
events correlate with these factors, the risks associated with the event are likely to be
overestimated. The public also places more weight on the broadcasting of vivid news than
on information that is less graphic. That is, what they hear and see as presented by the
media is likely to lead to biased judgments. The disaster at Chernobyl, for instance, would
have raised subjective concern for the probability of accidents at other nuclear power
facilities, given that the public tends to view the potential for catastrophic risks as more
probable than for non-catastrophic risks (Verplanken, 1991).2
Previous studies have shown that there is a difference in the pattern of risk
perception between countries. For instance, the surveys from the U.S. and France
conducted by Slovic et al. (2000) identify perceived risk as a significant predictor of
attitudes toward nuclear power. After the Chernobyl accident, while the level of
opposition almost doubled in Finland, Yugoslavia, and Greece and significantly
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Those non-catastrophic events are, for instance, car accidents, mountain-climbing

accidents, hang-glider accidents, diabetes (Tanaka, 2004).
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increased in Austria, West Germany, and Italy, it was only modestly altered in the UK,
France, the Netherlands, and Sweden (Hohenemser and Renn, 1988; Renn, 1990).3 As
argued in other studies (e.g., Lindell and Perry, 1990), the U.S. public was hardly
affected. Similarly, reviewing literature on the effect of the Chernobyl accident on public
attitudes in Europe and the U.S., Verplanken (1991) finds that European sentiment and
risk perceptions of nuclear power were affected by the accident to a greater extent than in
the U.S. and that, in Europe, the accident resulted in the increase in unfavorable attitudes
toward nuclear power, higher subjective concern for the probability of future nuclear
incidents, and higher levels of concern for related health issues. These consequences are
closely intertwined; Verplanken elsewhere points out that a negative change in public
attitude toward nuclear power after the accident was accompanied by higher subjective
risk-perceptions for large-scale nuclear disasters (Verplanken, 1989). With regard to a
negative change in public attitudes toward nuclear power after the accident, Eiser et al.
(1989) also notes that the change was greater among those who considered the accident
as one that could possibly be repeated in their countries, but less among those who

3

The level of attitude change in Sweden was examined also by Drottz-Sjöberg and Sjöberg

(1990).
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viewed the accident as peculiar to the Soviet Union. Furthermore, the degree of trust in
experts and government possibly differentiates the levels of public acceptance of nuclear
power between countries. Poortinga and Pidgeon (2003) point out that Europeans’ public
attitude toward nuclear energy is influenced by the widespread lack of trust in national
and European governments and industry.
Therefore, risk perception of a possible nuclear accident, often coupled with the
vulnerability of nuclear power facilities, should be closely related to public attitudes toward
nuclear energy. It is important to note the distinction between identifying the public’s risk
perception and explaining the possibility that perceived risk increases public opposition to
the energy source. Gerber and Neeley (2005) indeed point out that not much attention has
been paid to examining whether perceived risk determines an individual’s opinion of public
policies regarding the management of possible hazards.4 However, existing literature
expects that people’s reactions stem from their fears of physical threat and that the
perceived risk of a possible nuclear incident is in direct proportion to an attitude toward
nuclear power. In other words, public support for and opposition to nuclear power would be
4

One possible exception is Johnson and Scicchitano (2000) who explore the relationship
between risk perception and government policy on nuclear power as well as drinking water,
considering the public’s preferences over the authority’s commitment in managing the
energy.
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a result of the perceived risk of affiliated incidents: Not only is the oppositional attitude
based on the view that nuclear technology is risky but also support for nuclear power may
be due to a perceived low risk and/or potential benefit.
The argument in this article is generally accordant with this assumption; a nuclear
accident has a negative impact on public attitudes toward nuclear power not only in a
country where the accident has taken place but also in other countries. However, it is still
unanswered how differences in risk perception between countries can account for public
attitude following a nuclear crisis. To assume that individuals’ risk perception per se
linearly explains their attitudes is incorrect because hypotheses possibly drawn from the
above relationship between risk perception and nuclear attitude do not entirely capture the
cases whereby people support nuclear energy despite their perception of high risk, or
oppose it despite the low risk of incidents. Examining the survey data used in this study, the
next section evidences the point made here.

“Global Snap Poll – Tsunami in Japan & its Impact on Views on Nuclear Energy”
After the 2011 Fukushima nuclear accident, WIN-Gallup International conducted surveys
on public attitudes toward nuclear power in more than forty countries, including those
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that have nuclear facilities for the generation of electricity. Among those polled were
Belgium, Brazil, Bulgaria, Canada, China, Czech Republic, Finland, France, Germany,
India, Japan, Netherlands, Pakistan, Romania, Russia, South Africa, South Korea,
Switzerland, and the United States. The early surveys in Bosnia and Herzegovina, Brazil,
China, Egypt, Kenya, Netherlands, Pakistan, and Spain took place about a week after the
incident and were followed by polls collected in other countries until April 10. Sample
size in each country ranged from 200 to 2,716, and both telephone and face-to-face
interviews were employed for the collection of samples.
Capturing the impact of unexpected events on public attitude by survey is not an
easy task because such unforeseen events occur before researchers can prepare for the
relevant documentation. For this reason, most studies that address a change in public
attitude under crisis lack reliable “baseline data” (Sorrentino and Vidmar, 1974). The data
to be examined in this article do not have baseline data, either, yet the surveys instead have
asked the respondents about their attitudes toward nuclear power both before and after the
accident at Fukushima. The survey results seem to confirm the above discussion about the
negative impact of nuclear crisis on public attitude toward the energy because the net favor
(favorable minus unfavorable) for nuclear power dropped from 25% to 6% after the
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accident; while pre-incident attitudes showed 57% support (very favorable and favorable)
and 32% opposition (very unfavorable and unfavorable), 49% of the respondents came to
hold supportive views and 43% became opposed to nuclear energy after the accident.5
To measure the effect of the nuclear accident on public attitudes, it is also
important to grasp the extent to which the public had been informed of leakages from the
power plants at Fukushima up to the point of the interviews. The polls show that 81% of
the respondents heard about the nuclear leakages through TV, radio, newspapers, or
internet as well as personal communication.6
As observed in the literature on the Three Mile Island and Chernobyl accidents,
polls revealed a difference between countries in the rate of decline in favorable attitude
toward nuclear energy. The surveyed countries are categorized into four groups, a) where
the majority view in favor of nuclear energy turned into a minority view (e.g., Japan,
Canada, Netherlands and Romania), b) where the majority view was severely reduced (e.g.,

5

In Japan, the net favor falls by 41% (from 34% to minus 7%). This is the sharpest fall
among the countries examined (WIN-Gallup International, 2011a).
6
One may assume that those who did not know the Fukushima nuclear accident were
restricted from free exchange of information for political reasons. However, knowledge of
the accident is rather contingent on their economic conditions; the data suggest that
respondents who have lower income are less likely to have had heard or read about the
accident.
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China, India and Russia), c) where the majority view was moderately impacted (e.g., the
U.S., France, Korea, Pakistan, Bulgaria, Czech and Finland), and d) where support for
nuclear energy was already a minority and was further reduced (e.g., Belgium, Germany,
Switzerland and Brazil).7
The survey’s report summarizes that the resulting fears of nuclear leakage
generally caused a decline in support for nuclear energy (WIN-Gallup International,
2011a).8 This seems to imply that individuals’ risk perception and attitudes toward nuclear
power are directly associated; that is, the higher the perceived risk is, the greater is the
opposition to nuclear energy, and the lower the perceived risk is, the greater is the approval
of the energy source.
This poll includes two questions regarding individuals’ risk perception. First, the
respondents were asked, “How high or low is your concern about the possibility of a
nuclear incident in your country?” The ordinal scale for this question ranged from very low
to low, medium, high, and very high.9 Second, they were asked, “To what extent do you

7

An interesting exception is South Africa, where support rose by 4%.
More reports are available at www.gallup.com.pk (visited on March 1, 2012).
9
Respondents in countries that currently do not have nuclear facilities were asked to
consider the situation that a country either near to or far from them may have nuclear
installations or power plants.
8

16

agree or disagree that nuclear power plants in your country are properly secured against
accidents?” where the answers were either strongly agree, agree, neither agree nor disagree,
disagree, or strongly disagree.10
Table 1 shows the results of the Chi-square test of these variables. It suggests that
the frequency of the perceived possibility of a nuclear accident significantly differs between
items. Also present is the evidence that there is a difference in the perception of the
vulnerability of nuclear power plants between items.11

Table 1

However, when looking at cross-tabulations between these variables and attitudes toward
the use of nuclear energy for the world, a counterintuitive relationship is noticeable. Tables
2 and 3 show the frequency between the post-accident attitudes toward nuclear energy and
the perceived potential for nuclear incident and the perceived vulnerability of nuclear
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If a respondent’s country did not have nuclear power plants, that country’s name was
replaced by the name of the nearest country with nuclear facilities.
11
In other words, the results reject the null hypotheses that there is no significant
difference between the expected and observed frequencies of items in the questions about
the possibility of a nuclear accident and the vulnerability of nuclear facilities.
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power plants in the respondent’s country.
First, Table 2 largely confirms the finding that the lower an individual’s perceived
risk of a future nuclear accident is, the more he/she approves of the use of nuclear energy.
For instance, the adjusted residual for “very low” perceived risk is the highest in the row of
“strongly favor” and this perception is under-represented for negative attitudes (i.e.,
somewhat oppose and strongly oppose). “Low,” “medium,” and “high” perceived risks
largely fall into more neutral positions (i.e., somewhat favor and somewhat oppose). In a
similar sense, “very high” perceived risk is over-represented at strong opposition (the
adjusted residual is 17.9). However, it is also important to note that a sizable number of
those whose perceived risk is “very high” belong to the category of strong approval of
nuclear energy (the adjusted residual is 13.3).

Table 2

Second, the relationship between perceived vulnerability of nuclear power plants
and attitudes toward nuclear power is not fully straightforward, either (Table 3). In addition
to the finding that agreement and strong agreement about the safety of nuclear power plants
18

seems to be associated with an approval for the use of nuclear energy, strong disagreement
is closely connected to a strong opposition to nuclear power. Disagreement is, however, not
merely concentrated in oppositional attitudes but rather is dispersed to strong approval (the
adjusted residual is 7.3).

Table 3

Thus, the cross-tabulations reveal that there can be a gap between theories of risk
perception and attitude toward nuclear power. This article addresses this point by taking
into consideration a structural context in each country that influences these causal
relationships. While risk perception itself is likely to vary across countries as the preceding
section briefs, the demand for electricity and degree of dependence on nuclear energy in
each country complicates the relationship between risk perception and attitude toward
nuclear power. The need for more electric power due to economic development may blunt
individuals’ perception of risk as well as contribute to positive attitudes toward nuclear
power, and the excessive dependence on the energy source may provoke a sense of
impending crisis. To explore the effects of individuals’ risk perception and country-level
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contexts upon their attitudes toward nuclear power, the following section lays out several
hypotheses to be tested.

Hypotheses
Individual-Level Independent Variables
Perceptions of risk promote intolerance and a reliance on stereotypes (Doty et al., 1991;
Bodenhausen et al., 1994).12 As previously discussed, the literature on crisis and public
opinion claims that the risk perception of accidents at nuclear power plants has an impact
on public attitudes toward nuclear energy. This article does not reject but, to a certain
extent, acknowledges that a higher level of risk perception leads to a higher level of
opposition to the use of nuclear energy for the world.

Hypothesis 1: The higher the perceived risk of a future nuclear incident is, the more
likely the public is to oppose the use of nuclear power.

12

The 9/11 terrorist attacks in the U.S. increased the levels of fear among Americans, as

well as their perceived risk of future attacks (Huddy et al., 2003; Huddy et al., 2002).
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This article uses a number of control variables. While most people surveyed did
not directly experience the Fukushima nuclear accident, nor have they survived other
dramatic events, information about the occurrences and aftermaths has been readily
available to them through interpersonal communication and/ or the media (Mutz, 1998).
To accurately measure the impact of nuclear accidents on public attitudes, it is necessary
to control for whether or not individuals were informed about the accident to be
examined.
Despite attempts by previous works, findings related to the demographic effect
on attitudes towards nuclear power are mixed (Ansolabehere and Konisky, 2009).
However, among demographic variables, gender is considered a significant determinant
that differentiates attitudes toward nuclear energy. According to Brody (1984), gender
difference in the relationship with attitude is two-fold. First, given that men occupy more
central positions in the economic, political and technical fields, they tend to perceive a
need for additional energy as a necessity for economic growth. In contrast, women, who
are under-represented in those spheres, are less likely to identify a need for additional
energy generated by nuclear power, as well as for the economic growth it promotes.
Second, women are considered to have a greater concern for the safety of nuclear energy
21

and the potential danger it poses to health and human life (Brody, 1984). This may be
endogenous to the previous point about gender differences because nuclear proponents
and opponents focus on different aspects of the issue of nuclear energy. Proponents of
nuclear power tend to stress the benefits of the energy (e.g. improvement in standard of
living, promotion of economic growth, and solution to the energy crisis), but opponents
attach importance rather to potential safety risks (DelSesto, 1980; Otway et al., 1978;
Woo and Castore, 1980).13 In addition to gender, analytical models employ a
demographic control variable such as age (using a four-point scale of under 30, 30-50,
51-65, and over 65), household income (measured in quintile), education (using a
three-point scale of no/basic education, secondary school, high level of education such as
university), employment (working or not), and settlement type (rural versus urban).

Country-Level Independent Variables
To examine the direct impact on anti-nuclear attitude with an intervening effect on the
relationship between risk perception and public attitude, this article employs two
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Brody (1984) finds that women, who tend to think nuclear plants are less safe than men
do, evaluate the potential danger of nuclear power to health and human life as more serious
(see also Passino and Lounsbury, 1976; Reed and Wilkes, 1980).
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independent variables at country-level. Considering that nuclear energy is more efficient
than other means of electricity production, it is appealing for those who have a need for
additional electricity. In countries with high levels of economic activity, the requirement
for more electricity lends support to the use of nuclear energy because the expanded
demand for electricity is likely to be driven by the industrial sector and ordinary citizens.
The variable dealing with a level of economic development is measured by GDP per
capita, which represents the extent to which people (will) have a need for electricity. This
country-level variable conditions individuals’ risk perception as well as influences their
attitudes toward nuclear energy.

Hypothesis 2: The higher the level of economic development in a given country is, the
more individuals in the country are likely to favor the use of nuclear power.

However, the increasing proportion of nuclear electricity production in itself
elevates the probability that individuals will encounter nuclear accidents. This article
considers that the reliance on nuclear energy has an adverse effect on public attitudes.
Citizens do not face the risk of radiation leakage unless they are within proximity of a
23

nuclear power facility and, therefore, a leaning toward the use of that energy source for
the production of electricity will inevitably elevate individuals’ risk perceptions as to
both nuclear power plants in general and the possibility of related accidents. Although a
nuclear accident in a neighboring country, of course, seriously influences individuals, the
dependence on domestic nuclear energy to provide electricity is a more direct way of
measuring the variable. The data on the amount of electricity production are taken from
the Power Reactor Information System (PRIS) of the International Atomic Energy
Agency (IAEA). The dataset includes indexes of the annual amount of electricity
production (GWh) for both nuclear power and total production. Using these data, the
proportion of nuclear energy to total production of electricity is calculated.

Hypothesis 3: The higher a country’s dependence on nuclear energy to provide electricity
is, the more individuals in the country are likely to oppose the use of nuclear power.

Analysis
Models
To examine how both individual- and country-level variables are related to nuclear attitude
24

drawn from cross-national survey data, the analysis employs the multilevel modeling with
HLM 6.08, in which individual-level independent variables (i.e., question items) are used
for Level 1 and country-level variables for Level 2. Models include variables of perceived
risk on nuclear energy and public attitude toward nuclear energy, along with other control
variables at Level 1.14 As for the purpose of this article, the multilevel modeling is an
adequate method in that it partitions the variance into within-country and between-country
components and computes the explanatory power of predictors at both levels
simultaneously; that is, the modeling allows us to estimate a set of coefficients as outcomes
to be simultaneously explained as a function of measured differences between countries
(see Bryk and Raudenbush, 1992).
Since the dependent variable (i.e., attitude toward the use of nuclear energy for the
world) is an ordered category (1 = “strongly favor,” 2 = “somewhat favor,” 3 = “somewhat
oppose,” and 4 = “strongly oppose”), an ordinal regression model is estimated. This article
considers a model that allows us to vary both intercept and slope (Appendix A describes the
14

The variables at Level 1 are group-centered and those at Level 2 are uncentered.
Centering of Level-1 variables around the respective group means can deal with a potential
problem of multicollinearity by lowering the correlations among the variables, and in such
a setting the correlations between Level-2 variables and both Level-1 variables and
cross-level interactions become equal to zero. For this reason, although GDP per capita
normally has high correlations with other variables (e.g., education), the group-centered
Level-1 variables are less correlated with this variable in the models.
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full model). This model estimates random-intercept and random-slope effects since
country-level variables are assumed to condition individual-level slope coefficients. In
addition to the assumption that country-level variables account for variation in
individual-level constants, which are left unexplained by individual-level explanatory
variables, the overall structure of this model (i.e., GDP per capita and proportion of nuclear
electricity production) influences individuals’ attitudes toward nuclear energy. This implies
that the variation among countries in intercepts (the average level of individuals’ attitude
toward nuclear power) and slopes (the association between their risk perception and attitude
toward nuclear power) can be explained by country-level characteristics. Appendix B
represents countries from which the samples in the multilevel models are drawn and the
selection procedures.

Results
Table 4 presents descriptive statistics for all the variables. Knowledge of the Fukushima
accident and gender, as well as employment and settlement type, are dummy variables.
The question posed regarding knowledge of the accident is paired with that of the
earthquake followed by a tsunami on March 11, 2011 in the northeastern region of Japan,
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and respondents were asked, “Have you heard or read about the leakage of radiation from
a nuclear reactor in Japan as a result of the earthquake?” The related variable is coded 0 =
no and 1 = yes. The gender variable is recoded so that male is represented by 0 and
female 1. The variables for possibility of nuclear incident and vulnerability of nuclear
power plants are on a five-point scale. For the variables at Level 2, the proportion of
nuclear electricity production is measured by percentage, and GDP per capita is the
natural-log value.

Table 4

Table 5 presents the results of the analysis. For individuals’ risk perception, two
variables are examined, 1) the possibility of a nuclear incident in a respondent’s country
and 2) the vulnerability of nuclear power plants in the designated country. Model 1
examines the former variable, and Model 2 includes the latter, both of which take into
consideration the effect of the Fukushima accident by adding knowledge of the incident.
Model 3 is distinctive from these models in that it considers both variables of risk
perception. Model 4 includes control variables such as gender, age, income, education,
27

employment, and place of residence.

Table 5

In Model 1, the individual-level independent variable dealing with the
possibility of a nuclear incident is positive and statistically significant at the 0.01 level.
The model excludes control variables, except for knowledge of the Fukushima accident,
but suggests that a higher level of the perceived possibility of a nuclear incident leads to a
negative opinion about the energy source. Both country-level independent variables as
intercepts are statistically significant. GDP per capita has a negative effect on
anti-nuclear attitudes and the proportion of nuclear electricity production has a positive
effect; that is, people in wealthier countries are more supportive of nuclear energy, but
they are oppositional in countries where dependence on the energy is greater. Once these
country-level variables are taken into the slope of the individual-level variable, only the
level of economic development is statistically significant and has an alleviative effect on
the relationship between risk perception and anti-nuclear attitude. This suggests that the
oppositional attitudes of those who perceive a high risk of nuclear incident are eased in
28

economically developed countries.
Model 2 includes the variable of vulnerability of nuclear power plants instead of
possibility of a nuclear incident. The effect of this variable is positive and statistically
significant, implying that individuals’ risk perception on nuclear facilities increases their
anti-nuclear attitudes. GDP per capita remains statistically significant and has a positive
influence on pro-nuclear attitude. The variable also reduces the positive association
between the perceived vulnerability of nuclear power plants and anti-nuclear attitude.
Although a level of economic development is likely to render individuals’ view toward
the energy source favorable, as in Model 1, the variable of proportion of nuclear
electricity production is statistically significant and has a positive effect on anti-nuclear
attitude only when it is considered as an intercept. Overall, the model indicates that, even
if individuals were informed of the Fukushima nuclear accident, the perceived
vulnerability of nuclear facilities had a lesser impact on negative attitudes toward nuclear
energy in wealthier countries that consume a great amount of electricity. The dependence
on nuclear energy functions in the opposite way and makes the public less tolerant to the
use of the energy.
Model 3 takes into consideration both variables of risk perception and provides
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some distinctive findings. First, perceived possibility of a nuclear incident is statistically
significant. Despite the finding that, as in Model 1, individuals’ perception on risk of the
next nuclear incident increases their anti-nuclear attitudes, a level of economic
development itself makes public attitudes more favorable to nuclear energy. This variable
has the same effect on the association between people’s risk perception and their attitude
toward the energy. Second, however, perceived vulnerability of nuclear power plants
turns insignificant, while GDP per capita shows an alleviative effect on the relationship
between risk perception and anti-nuclear attitude. A country’s dependence on nuclear
energy for electricity production increases a negative view on that energy source, yet has
no effect on the relationship between individuals’ risk perception and anti-nuclear
attitudes.
The full model (Model 4) takes into consideration individual-level control
variables such as gender, age, household income, education, employment, and settlement
type. Among the individual-level control variables, gender, age, household income and
education are statistically significant. One of the differences from Model 3 is that, in the
full model, the possibility of a nuclear incident becomes insignificant. A result still
confirms that the increasing dependency on nuclear electricity production leads to
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individuals’ opposition to the use of nuclear power. A level of economic development, as
both an intercept and slope, maintains its effect on nuclear attitude; individuals in
wealthier countries are more favorable to nuclear energy than those in less affluent
countries, and whether or not individuals’ risk perceptions promote anti-nuclear attitudes,
economic wealth does contribute to generating more pro-nuclear attitudes. In this model,
individuals’ risk perception of nuclear facilities does not show statistical significance (the
p-value is 0.572).
Model 4 also shows the counterintuitive effect of gender difference on the
attitude toward nuclear power. Previous works have provided a finding that, unlike men,
women in past surveys have had a negative attitude toward nuclear energy. However, this
model suggests that women tend to support nuclear energy more than men do (the
variable is statistically significant at the 0.01 level).15
Looking at Models 1 through 4, it is possible to claim that economic
development is a strong indicator that accounts for public attitudes toward nuclear energy.
As an intercept, a level of economic development promotes a favorable attitude toward
nuclear energy. This variable has significant effects on individuals’ risk perception and
15

A model that includes only a dummy for gender is estimated to collaborate this finding
and the result again shows that the coefficient is negative (-0.434) at the 0.01 level.
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attitudes toward nuclear power as well throughout the models. The other country-level
independent variable, the proportion of nuclear electricity production, is less salient than
economic development, but it directly influences nuclear attitude; people tend to have
stronger antipathy against the energy in countries where electricity production is largely
dependent on nuclear power.

Discussion
The multilevel models show that the country-level variables have important effects on
individuals’ attitudes toward nuclear energy. Those Level-2 variables used in the models
vary across countries and, therefore, differently condition the public attitudes. To
complement the findings from the multilevel models, this section discusses various
associations between risk perception and anti-nuclear attitude.
Figures 1 and 2 represent mean scores for anti-nuclear attitude and risk perception
measured by the possibility of a nuclear accident and the vulnerability of nuclear facilities
in selected sample countries of the survey. As theories of risk perception and attitudes
toward nuclear power predict, a perceived high risk seems to be generally associated with
negative attitudes toward the energy source. However, it is interesting that the relationship
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between risk perception and anti-nuclear attitude largely varies across countries. In Figure 1,
countries such as the U.S., South Korea, and Russia more or less have a positive association
between risk perception and anti-nuclear attitude; those who view the risk of another
nuclear incident as minimal are likely to favor the use of nuclear energy for electricity
production, yet those who view the risk as real to them tend to oppose it. The public
opinion in India is, in contrast, less influenced by risk perception and the Chinese
anti-nuclear attitude even decreases as individuals’ perception of the possibility of a nuclear
incident increases, except for the sharp rise at mid-point. It should be noted that the level of
anti-nuclear attitude also varies across countries. For instance, the U.S. public overall
shows stronger opposition to nuclear power than does that in Russia.

Figure 1

Figure 2 also indicates that the anti-nuclear attitude correlates positively with risk
perception as scaled by the vulnerability of nuclear power plants. As in Figure 1, however,
the strength of the relationship between these two variables is different from country to
country; while the relationship is weak in India and Russia, the risk perception strongly
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reflects the increase in antinuclear attitude in countries such as the U.S. and China.
Moreover, the figure reveals that the level of opposition to the energy source is relatively
low in Russia, yet it is high in China. China is indeed an interesting case in that, compared
with other countries, the possibility of a future incident is in inverse proportion to
anti-nuclear attitudes, although the vulnerability of nuclear facilities greatly intensifies the
degree of public disapproval of the energy source. Therefore, both of these variables on risk
perception have different paths through which they influence individuals’ attitude toward
nuclear energy.

Figure 2

In the Figures, the country-level variables (i.e., demand for electricity and
dependence on nuclear energy) are not ignorable, either, and it is rather important to take
into consideration both of them. India shows a lower level of anti-nuclear attitude than
does the U.S., while per capita income in India is lower than that in the U.S. However,
considering that a deep dependence on nuclear energy may foster a concern about its
accident, the U.S. public is reasonably influenced by this negative view. In 2010,
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according to the data obtained from the PRIS, the percentages of nuclear energy in total
production of electricity were 19.18% in the U.S. and 1.77% in India.

Conclusion
The perception of risk associated with nuclear power plants is believed to lead to an
anti-nuclear attitude. This article finds that the perceived risk of nuclear accidents has a
significant impact on the expansion of negative attitudes toward the use of nuclear energy
for the production of the world’s electricity. When the risk is real to them, the public is
more likely to become opposed to nuclear energy. However, the article does argue that a
structural context conditions these individual-level variables. A level of economic
development and consequential demand for the consumption of electricity largely
alleviates a negative effect of risk perception on individuals’ support for the energy. In
addition, the extent to which a country depends on nuclear energy for the production of
electricity has been shown to encourage negative attitudes toward nuclear power.
These findings are significant as they help us to better understand the effects of
the overarching structure that influences individuals’ opinions about the use of nuclear
energy. This article has aimed to address the puzzle of why people may support nuclear
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energy despite their perception of a probable nuclear disaster. The multilevel modeling
reveals that risk perception is not linearly associated with anti-nuclear attitude. It is still
important to note that the results fit an untested assumption that a need for the efficient
production of electricity (i.e., nuclear energy) may outstrip the potential danger of a
nuclear incident. The demand in itself may, in fact, dictate the continued use of nuclear
power, despite the likelihood of future dramatic events such as occurred at the Fukushima
nuclear power plants.
Findings presented in this article may be partial in that the analysis does not
address individuals’ attitudes toward nuclear energy in their own countries but rather
deals with the use of the energy for the world. Public attitudes may differ between
NIMBY and NIABY as many of the respondents have not had the occasion to be
concerned about the construction of nuclear plants in their immediate surroundings and,
secondly, many have not been as directly affected by the disastrous nuclear episodes of
the world. Given the findings, however, examining likely conditions for the expansion of
favorable opinion about nuclear energy under a situation of high risk of a nuclear incident
suggests itself as a useful framework for arriving at an understanding of the contradictory
relationship between risk perception and attitude toward nuclear power.
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Figure 1: Risk Perception (Possibility of a Nuclear Incident) and Attitude toward Nuclear
Power
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Figure 2: Risk Perception (Vulnerability of Nuclear Power Plants) and Attitude toward
Nuclear Power
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Table 1: Observed and Expected Frequency and Chi-square Test for Risk Perception
(Possibility of a Nuclear Incident/ Vulnerability of Nuclear Power Plants)
How high or low is the possibility of a nuclear incident?
Observed frequency

Expected frequency

Residuals

Very low

2825

5940.2

-3115.2

Low

2938

5940.2

-3002.2

Medium

7035

5940.2

1094.8

High

6744

5940.2

803.8

Very high

10159

5940.2

4218.8

Total

29701

Observed frequency

Expected frequency

Residuals

Strongly agree

8089

5722.0

2367.0

Agree

5840

5722.0

118.0

Neither agree nor disagree

4290

5722.0

-1432.0

Disagree

7198

5722.0

1476.0

Strongly disagree

3193

5722.0

-2529.0

Chi-square

6457.801 (p = 0.000)

Data are weighted.

Are nuclear power plants properly secured?

Total
Chi-square

28610
2838.458 (p = 0.000)

Data are weighted.
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Table 2: Cross-tabulations for Risk Perception (Possibility of a Nuclear Incident) and
Attitudes toward Nuclear Power
How high or low is the possibility of a nuclear incident?
Very

Very

Low

Low

Medium

High

High

Total

Frequency

1101

618

1140

911

2534

6304

toward

Expected Frequency

620.9

655.4

1481.1

1450.4

2096.2

6304.0

Nuclear

Adjusted Residual

23.0

-1.8

-11.5

-18.3

13.3

Frequency

680

998

2343

2346

2427

8794

866.1

914.3

2066.1

2023.2

2924.2

8794.0

Adjusted Residual

-8.0

3.5

8.4

9.9

-13.6

Frequency

307

696

1568

1447

1131

5149

Expected Frequency

507.1

535.3

1209.8

1184.6

1712.1

5149.0

Adjusted Residual

-10.3

8.1

13.0

9.6

-19.0

698

629

1595

1804

3314

8040

791.9

835.9

1889.0

1849.8

2673.5

8040.0

-4.2

-8.9

-9.1

-1.4

17.9

2786

2941

6646

6508

9406

28287

2786.0

2941.0

6646.0

6508.0

9406.0

28287.0

Attitude

Power

Strongly Favor

Somewhat Favor

Expected Frequency

Somewhat Oppose

Strongly Oppose

Frequency
Expected Frequency
Adjusted Residual

Total

Frequency
Expected Frequency
Data are weighted.
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Table 3: Cross-tabulations for Risk Perception (Vulnerability of Nuclear Power Plants)
and Attitudes toward Nuclear Power
Are nuclear power plants properly secured?
Neither
Strongly

Attitude

Strongly Favor

Frequency

agree nor

Strongly

agree

Agree

disagree

Disagree

disagree

Total

2296

1251

395

1728

412

6082

1690.5

1293.7

886.9

1510.4

700.6

6082.0

toward

Expected Frequency

Nuclear

Adjusted Residual

19.7

-1.5

-20.3

7.3

-13.1

Frequency

3041

2607

1405

1198

419

8670

2409.8

1844.2

1264.3

2153.0

998.7

8670.0

Adjusted Residual

18.3

24.2

5.2

-28.7

-23.6

Frequency

1025

1049

1232

1274

448

5028

1397.5

1069.5

733.2

1248.6

579.2

5028.0

Adjusted Residual

-13.0

-.8

22.1

.9

-6.4

Frequency

1222

897

947

2576

1864

7506

2086.3

1596.6

1094.6

1864.0

864.6

7506.0

Adjusted Residual

-26.2

-23.2

-5.7

22.3

42.4

Frequency

7584

5804

3979

6776

3143

27286

7584.0

5804.0

3979.0

6776.0

3143.0

27286.0

Power

Somewhat Favor

Expected Frequency

Somewhat Oppose

Expected Frequency

Strongly Oppose

Expected Frequency

Total

Expected Frequency
Data are weighted.
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Table 4: Descriptive Statistics
Minimum

Maximum

Mean

Standard Deviation

Anti-nuclear attitude

1.00

4.00

2.67

1.07

Knowledge of the Fukushima accident

0.00

1.00

0.91

0.28

Possibility of a nuclear incident

1.00

5.00

3.24

1.28

Vulnerability of nuclear power plants

1.00

5.00

3.02

1.29

Gender (women)

0.00

1.00

0.47

0.50

Age

1.00

4.00

2.05

0.89

Household income

1.00

5.00

2.88

1.34

Education

1.00

3.00

2.24

0.69

Employment (working)

0.00

1.00

0.60

0.49

Settlement type (rural)

0.00

1.00

0.20

0.40

GDP per capita (ln)

7.38

10.77

9.40

1.06

Proportion of nuclear electricity production

0.00

0.54

0.09

0.15
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Table 5: Multilevel Modeling for Risk Perception and Anti-nuclear Attitudes
Intercept

GDP per capita

Proportion of nuclear electricity production

Knowledge of the Fukushima accident

1

2

3

4

0.414

-0.040

0.247

0.629

(1.516)

(1.557)

(1.606)

(1.234)

-0.307*

-0.269

-0.307*

-0.349**

(0.166)

(0.171)

(0.175)

(0.137)

3.321**

3.434**

3.672**

3.434***

(1.390)

(1.461)

(1.467)

(1.208)

-0.198

-0.094

-0.071

-0.164

(0.171)

(0.125)

(0.126)

(0.133)

1.375***

1.044**

0.530

(0.444)

(0.389)

(0.371)

-0.186***

-0.136***

-0.078*

(0.050)

(0.043)

(0.042)

-0.054

0.107

-0.003

(0.456)

(0.356)

(0.323)

0.622*

0.174

0.143

(0.355)

(0.342)

(0.251)

-0.139***

-0.084**

-0.079***

(0.038)

(0.036)

(0.027)

0.130

0.230

0.195

(0.306)

(0.225)

(0.196)

Possibility of a nuclear incident
Intercept

GDP per capita

Proportion of nuclear electricity production

Vulnerability of nuclear power plants
Intercept

GDP per capita

Proportion of nuclear electricity production

Gender (female)

-0.290***
(0.058)

Age

-0.056*
(0.033)

Household income

0.058***
(0.014)

Education

0.110***
(0.038)

Employment (working)

-0.019
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(0.037)
Settlement type (rural)

-0.079
(0.071)

Thresholds
δ(2)

δ(3)

1.768***

1.832***

1.866***

1.898***

(0.125)

(0.126)

(0.132)

(0.134)

2.998***

3.136***

3.195***

3.248***

(0.211)

(0.217)

(0.226)

(0.232)

* p < 0.10, ** p < 0.05, *** p < 0.01. Two-tailed test. Standard errors are in parentheses. The number of
observations is 16,404 and the number of clusters is 33 in each model.
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Appendix A
Level-1 Model
Prob [R = 1|β] = P'(1) = P (1)
Prob [R <= 2|β] = P'(2) = P (1) + P (2)
Prob [R <= 3|β] = P'(3) = P (1) + P (2) + P (3)
Prob [R <= 4|β] = 1.0
where
P (1) = Prob [Y (1) = 1|β]
P (2) = Prob [Y (2) = 1|β]
P (3) = Prob [Y (3) = 1|β]
Log [P'(1)/(1 - P'(1))] = β0
+β1* Possibility of nuclear incident
+β2* Vulnerability of nuclear power plants
+β3* Knowledge of the Fukushima accident
+β4* Gender
+β5* Age
+β6* Household income
+β7* Education
+β8* Employment
+β9* Settlement type
Log [P'(2)/(1 - P'(2))] = β0
+β1* Possibility of nuclear incident
+β2* Vulnerability of nuclear power plants
+β3* Knowledge of the Fukushima accident
+β4* Gender
+β5*Age
+β6*Household income
+β7*Education
+β8*Employment
+β9*Settlement type
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+δ (2)
Log [P'(3)/(1 - P'(3))] = β0
+β1* Possibility of nuclear incident
+β2* Vulnerability of nuclear power plants
+β3* Knowledge of the Fukushima accident
+β4* Gender
+β5*Age
+β6*Household income
+β7*Education
+β8*Employment
+β9*Settlement type
+δ (3)
Level-2 Model
β0 = γ00
+γ01* GDP per capita
+γ02* Proportion of nuclear electricity production
+μ0
β1 = γ10
+γ11* GDP per capita
+γ12* Proportion of nuclear electricity production
+μ1
β2 = γ20
+γ21* GDP per capita
+γ22* Proportion of nuclear electricity production
+μ2
β3 = γ30
+μ3
β4 = γ40
+μ4
β5 = γ50
+μ5
β6 = γ60
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+μ6
β7 = γ70
+μ7
β8 = γ80
+μ8
β9 = γ90
+μ9
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Appendix B
Country

Frequency

Percentage

Interview mode

Sample type

Fieldwork Dates

Austria

373

2.3

Telephone

National

March 28-31

Belgium

327

2.0

Telephone

National

March 28-29

Bosnia and Herzegovina

345

2.1

Telephone

National

March 21-30

Bulgaria

558

3.4

Face to face

National

March 31-April 7

Cameroon

365

2.2

Face to face

n/a

March 24-27

Canada

782

4.8

n/a

n/a

March 25-30

China

486

3.0

n/a

n/a

March 22-31

Colombia

399

2.4

n/a

Urban

n/a

Czech Republic

429

2.6

Face to face

National

March 24-30

Egypt

162

1.0

Face to face

Urban

March 20-31

Georgia

318

1.9

Telephone

Urban

March 30-April 3

Greece

472

2.9

Telephone

National

March 24-30

Hong Kong

191

1.2

Telephone

Urban

March 24-31

Iceland

623

3.8

n/a

National

March 23-30

India

730

4.5

Telephone

National

March 25

Iraq

431

2.6

Face to face

National

March 23-27

Italy

502

3.1

Telephone

National

March 24-27

Kenya

372

2.3

Face to face

n/a

March 22-24

Macedonia

305

1.9

Telephone

National

March 24-31

Morocco

453

2.8

n/a

Urban

n/a

Netherlands

386

2.4

Telephone

National

April 21-26

Nigeria

484

3.0

Face to face

n/a

March 24-25

Pakistan

1,772

10.8

Face to face

National

March 20-26

Poland

279

1.7

Face to face

Urban

March 28-31

Romania

424

2.6

n/a

National

n/a

Russia

1,087

6.6

n/a

Urban

March 25-28

Serbia

713

4.3

Face to face

National

March 24-29

South Africa

330

2.0

n/a

Urban

n/a

South Korea

690

4.2

Telephone

National

March 23

Spain

307

1.9

Telephone

National

March 22-24
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Switzerland

477

2.9

Telephone

Urban

March 30-April 3

United States

417

2.5

n/a

National

March 25-30

Vietnam

415

2.5

Face to face

National

March 25-31

Total

16,404

100.0

Source: WIN-Gallup (2011b)
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