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Fukushima accident has negatively changed public attitudes toward nuclear energy. Effect of operational experience became considerably negative after the accident. Effect of proportion of nuclear power generation is positive after the accident. Effect of government pressure on media content became negative after the accident. Country speciﬁc policy responses on nuclear public acceptance are required.
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The Fukushima nuclear disaster has signiﬁcantly changed public attitudes toward nuclear energy. It is important to understand how this change has occurred in different countries before the global community revises existing nuclear policies. This study examines the effect of the Fukushima disaster on public acceptance of nuclear energy in 42 countries. We ﬁnd that the operational experience of nuclear power generation which has signiﬁcantly affected positive public opinion about nuclear energy became considerably negative after the disaster, suggesting fundamental changes in public acceptance regardless of the level of acceptance before the disaster. In addition, contrary to our expectation, the proportion of nuclear power generation is positively and signiﬁcantly related to public acceptance of nuclear energy after the Fukushima accident and government pressure on media content led to a greater decrease in the level of public acceptance after the accident. Nuclear energy policymakers should consider the varied factors affecting public acceptance of nuclear energy in each country depending on its historical, environmental, and geographical circumstances before they revise nuclear policy in response to the Fukushima accident. & 2013 Elsevier Ltd. All rights reserved.
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1. Introduction The Fukushima nuclear accident, which was caused by a huge tsunami after a magnitude 9 undersea earthquake in March 2011, was extraordinary in terms of its signiﬁcant and extensive damage and its negative effect on local and global environments. According to the report of Japan Atomic Industrial Forum, around 15,000 terabecquerels of caesium-137 was released from reactor 1–3 at the Fukushima Dai-ichi nuclear power plant, 168.5 times that of the atomic bomb dropped on Hiroshima. Radioactive materials from the Fukushima accident, including iodine-131, caesium-134, n
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and caesium-137, were detected around the world, including in North America and Europe. High levels of radioactive isotopes were also released into the Paciﬁc Ocean. People within a 20-km zone around the Fukushima Dai-ichi nuclear plant had to leave the area, with more than 80,000 people displaced (International Atomic Energy Agency (IAEA), 2011). The disaster was classiﬁed as a Level 7 nuclear accident, the highest level on the International Nuclear Event Scale, equal to that of the Chernobyl nuclear disaster. The Fukushima accident has also had a signiﬁcant effect on the nuclear policies of many countries. Many governments have changed or redirected their investments in nuclear energy, and the construction of various nuclear power plants has been suspended (Ramana, 2011). The Japanese government announced a comprehensive review of its energy policy and halted its plans to build additional nuclear reactors. Germany shut down all 17 of its



Y. Kim et al. / Energy Policy 61 (2013) 822–828



operational nuclear power reactors, and Switzerland agreed to phase out its 5 aging power reactors as they reached the end of their lifecycles over the next 25 years. Italy decided to exclude nuclear energy from its future energy mix (Froggatt and Schneider, 2011). Even though the United States government appears determined to retain nuclear energy as part of its national energy mix, some ofﬁcials have cautioned that the country must learn from the Fukushima nuclear accident (Ehreiser, 2011). It is important for policymakers to understand how this nuclear disaster has changed public attitudes toward nuclear power in different countries before they revise existing nuclear policies. Thus, this study examines critical factors that affected public acceptance of nuclear energy by closely examining changes in public opinion in 42 countries after the Fukushima accident. By examining these changes, the sources of different policy reactions to the disaster in different countries can be understood and insights on future directions can be drawn. Our investigation considers the level of social acceptance of nuclear energy by using information about the level of dependence on nuclear energy, which includes operational experience in producing nuclear energy, of each country. Political pressure on the media is also considered, to investigate the extent to which it controls the informational bias of a country. The effect of a country's distance from the accident site is also considered. Results from this empirical analysis will help us to understand in what way a historical disaster such as the Fukushima accident affects public acceptance of nuclear energy; considering these factors will enable governments to establish comprehensive and rational nuclear policies rather than ad-hoc and spontaneous responses. Additionally, the consideration of various countryand individual-level characteristics that might be related to changes in public acceptance of nuclear energy after the accident will suggest country-speciﬁc insights for revising nuclear energy policy.



2. Nuclear accidents and public acceptance of nuclear energy A nuclear accident has both a direct and an indirect negative effect on public acceptance of nuclear energy. Its direct effect is the damage from the released radioactive materials. There is no spatial limit to the diffusion of radioactive materials in the air, and the half-life of radioactive isotopes is generally long. Therefore, every being on earth is affected by radioactive contamination (Fang et al., 1995; Ginzburg and Reis, 1991; Johnson et al., 2007). The indirect effect of a nuclear accident is the stigma it creates. Stigma refers to a mark designed to expose something unusual and bad about the moral status of the person or group to which it applies (Goffman, 1963). Although nuclear accidents are rare, they produce severe damage and therefore generate a strong signal that there is an unusual risk in nuclear power generation (Slovic, 1987). This signal helps to perpetuate a negative image or stigmatization of nuclear energy (Gregory et al., 1995). A serious nuclear accident, such as the one that occurred at Fukushima, appears to increase the negative effect of nuclear energy directly and indirectly. This is supported by previous studies that examined nuclear disasters such as those at Three Mile Island (Melber, 1982; Nealey et al., 1983; Rosa, 2001; Rosa and Dunlap, 1994) and Chernobyl (Renn, 1990; Rosa and Dunlap, 1994; Smith and Michaels, 1987). However, it is important to note that the effect of an accident on public acceptance can differ in different countries depending on factors, such as geography, history, and environment. Especially considering that nuclear disasters release radioactive contamination that affects broad geographical areas, it is important to understand the effect of distance on public acceptance of nuclear energy.
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Depending on the distance from the accident site, public opinion may be affected by two contradictory effects: proximity and distance. The proximity effect involves an inverse relationship between distance from an accident site and the level of public acceptance. In other words, the closer an area is to the site of an accident, the lower public acceptance is for the source of the accident (Rosa and Dunlap, 1994). In the case of nuclear energy, this is because an area closer to the accident site has higher concentrations of radioactive materials and higher probabilities of human and environmental damage (Renn, 1990). For example, public acceptance of nuclear energy decreased in the United States after both the Three Mile Island and Chernobyl accidents, but the decrease was greater and lasted longer after Three Mile Island than after Chernobyl (Rosa and Dunlap, 1994). In contrast, the distance effect occurs because people farther away from the site of an accident have less information about it, and this may amplify their fears and reduce their acceptance of nuclear energy (Coval and Moskowitz, 1999; Garmaise and Moskowitz, 1999; Grinblatt and Keloharju, 2001). Empirical explorations of the effect of distance on public acceptance of nuclear energy are rare. One reason for this is that fatal nuclear accidents rarely occur, and most studies of public acceptance of nuclear energy focus on a single country (Choi et al., 2000; Corner et al., 2011; Katsuya, 2001; Liu et al., 2008). Therefore, examining the Fukushima disaster is an important opportunity to study the effect of distance from the site of a nuclear accident on public acceptance of nuclear energy. It is also important to understand a country's accumulated social acceptance of nuclear energy when considering the effect of nuclear disaster on public acceptance. A country's level of dependence on nuclear energy for electricity can be an important proxy for this (Jun et al., 2010). While Middle Eastern countries use fossil fuels and less developed African countries have no experience in operating nuclear power plants, more developed countries in Asia and Europe have an extensive history of operating nuclear power plants, which seems to signiﬁcantly affect the social acceptance of nuclear energy (Dadwal, 2009; Soentono and Aziz, 2008; Thomson and Horii, 2009). Some Middle Eastern countries, concerned about the exhaustion of their own natural resources, are now introducing nuclear power facilities (El-Genk, 2008; McDonald and Rogner, 2004), while some European countries are investing in renewable sources for electricity instead of nuclear energy (Jacobsson et al., 2009; Lalic et al., 2011; Resch et al., 2008). Therefore, a country's dependence on nuclear energy seems to be related to its social acceptance of nuclear energy and the development of alternative energy sources. We expect that countries that have a high dependence on nuclear energy and have fewer alternative energy sources will be more sensitive to public acceptance of nuclear energy after a nuclear accident. In this study, we consider three country-wide factors to determine dependence on nuclear energy: whether nuclear power reactors are in operation, the proportion of nuclear power reactors in operation, and the proportion of the country's entire electrical supply that is generated by nuclear power. It seems that people in a country with operating nuclear power reactors will experience a greater decrease in acceptance of nuclear energy after an accident than people in a country that has no nuclear power reactors. Correspondingly, a higher density of nuclear power reactors in a country and a higher proportion of nuclear power in the country's overall power supply are expected to have a greater negative effect on public acceptance of nuclear energy after an accident. Conversely, operational experience with nuclear power plants can help a country create a well-designed emergency response system for nuclear plant accidents (Crick et al., 2004). If the emergency response system has proved successful in previous
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nuclear accidents, then the people of that country will have conﬁdence in the operation of nuclear power plants (Flynn et al., 1992; Slovic et al., 1991; Williams et al., 1999). Based on this rationale, the operational experience of nuclear power generation in a country may mitigate the decrease in public acceptance of nuclear energy after an accident. Therefore, the effect on public acceptance of nuclear energy dependence and of operational experience can be contradictory. Another signiﬁcant factor is a country's media environment. Mass media play an especially important role in inﬂuencing the level of public acceptance of nuclear energy (Gamson and Modigliani, 1989). If the media have a high level of independence from the government, they can deliver accurate information about the potential risks of nuclear energy and damages from a nuclear accident in a timely manner. However, if the media are controlled by the government, they deliver modiﬁed or limited information about nuclear energy and nuclear accidents. Another possibility is that media organizations with a higher level of freedom are more likely to exaggerate the damage from accidents (Perko, 2011); big disasters attract large audiences, which increase advertising revenue. Countries that largely depend on nuclear energy try to use the media to minimize people's negative perceptions of nuclear energy (Gamson and Modigliani, 1989; Kahn, 2005). For example, nuclear power plants distribute brochures and promotional videos about nuclear power generation, organize campaigns, and operate ofﬁcial websites that explain the effect of nuclear energy to promote positive perceptions (Ohnishi, 1995). In particular, when a nuclear accident occurs, the government may reduce negative perceptions of the accident by controlling media reports about it. Therefore, political pressure on and controls of media content can mitigate the decrease in public acceptance after a nuclear accident. However, in regions near the accident site, media control will be less effective, because people in those regions will be more likely to acquire accurate information or communicate with people at the accident site. Therefore, the distance from the site of a nuclear accident enhances the effect of political control of media content on public acceptance of nuclear energy after an accident. Our analysis explores the interactive terms of distance and level of political pressure on the media. Overall, it is important to understand the effect of the Fukushima disaster on public acceptance of nuclear energy, taking into account a variety of effects such as geographical distance, accumulated level of public acceptance of nuclear energy, and political and media environment. Other factors can also affect public acceptance of nuclear energy in different countries, which will also be considered in Section 4.



3. Data, variables, and methods



numbered 24,556 respondents from 42 countries. This study uses four demographic variables: sex, age, income, and education level. 3.2. Dependent variables In this study, the dependent variables are public acceptance of nuclear energy before and after the Fukushima nuclear accident (Table 1). The poll asked respondents the following questions: (1) As of today, what is your view: Do you strongly favor, somewhat favor, somewhat oppose, or strongly oppose the use of nuclear energy as one of the ways to provide electricity for the world? (2) Before the earthquake in Japan, what was your view: Were you in favor, somewhat in favor, somewhat opposed, or strongly opposed to the use of nuclear energy as one of the ways to provide electricity for the world? Those who strongly favored or somewhat favored the use of nuclear energy were assigned a 1, and those who strongly opposed or somewhat opposed the use of nuclear energy a 0 (pro_nuke). Those who answered “don't know” or had no response were excluded from the analysis. 3.3. Independent variables As shown in Table 1, the variable of distance refers to the shortest route from the Fukushima power plants where the nuclear accident occurred to the capital of each country. Regarding dependence on nuclear energy, we include four factors in our analysis: whether nuclear power reactors are operated (binnpr), the number of nuclear power reactors in operation per 100,000 km2 (num_npr_area), the proportion of nuclear power generation (per_npg), and total historical operating experience of nuclear power generation (toe). To measure political pressures on the media, we select the Freedom of the Press Index, a Freedom House annual survey of media independence in 196 countries (pol). The index consists of three major categories: legal, political, and economic environment. This study focuses on the political environment category to measure the political pressures on the media. The index was derived by adding seven values such as the editorial independence of both state-owned and privately owned media, access to information and sources, and ofﬁcial censorship and self-censorship. It ranges from 0 (most free) to 40 (least free). In addition to demographic factors such as GDP, gender (male), age, income (three levels), and education (three levels), we use the number of earthquakes that caused moderate damage over the last 30 years (earthquake) and the number of nuclear power station accidents and incidents since 1952 (accident) as control factors. The data on earthquakes were obtained from the US Geological Survey.



3.1. Data 3.4. Method Following the March 2011 Fukushima disaster, domestic and international media immediately began providing ongoing coverage of the Japanese nuclear power plants that were on the verge of nuclear meltdowns. WIN-Gallup International conducted an extensive Global Snap Poll from March 21 to April 10, 2011, in 47 countries. The main purpose of the poll was to measure public views on the catastrophic earthquake in Japan and its impact on public opinion regarding the use of nuclear energy. It asked 36,122 respondents what their views were regarding nuclear energy before the Japanese earthquake and how their views changed after the earthquake. After responses with missing values and incomplete demographic information were removed, the sample



We construct the following logistic model to reﬂect changes in public acceptance of nuclear energy after Fukushima. The logit probability pirt that person i of country r supports the use of nuclear energy at time t (t¼before and after the earthquake and tsunami in Japan) is given by the following equation:   pirt logitðpirt Þ ¼ log ¼ α1 þ X 1r β1 þ Z i γ 1 1pirt þF t ðα2 þ X 1r β2 þ Dr X 2r λ þ Z i γ 2 Þ where α1 is the intercept term representing the intrinsic preference for the use of nuclear energy; X 1r is the 1  8 vector of
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Table 1 Variable descriptions. Variables



Description



pro_nuke



Year



Unit



Source



2011



Binary



ICPSRa Free Map Toolsb IAEAc IAEA, World Bank IAEA IAEA



Individual acceptance of the use of nuclear energy to provide electricity for the world before and after Fukushima accident (Individual level), Strongly and somewhat favor: 1; Strongly and somewhat oppose: 0 distance Natural log of distance as the crow ﬂies from Fukushima power plants to the capital of each country (national level) binnpr Whether or not nuclear power reactors are operated (national level) num_npr_area Number of nuclear power reactors in operation in 100,000 sq. km of national surface area (national level)



–



km



2010 2010



Binary Number



per_npg toe



Proportion of nuclear power generation in the entire nation's power supply (national level) Natural log of total operating experience of nuclear power generation in history (including shutdown nuclear power reactors) (national level) Freedom of the press in political environment (Political pressures and controls on media content, 0 indicates more freedom) (national level) Number of signiﬁcant earthquakes (the earthquakes that caused moderate damage (approximately $1 million or more), 10 or more deaths, Modiﬁed Mercalli Intensity X or greater, the earthquakes generated a tsunami among the earthquakes whose magnitude are 6.0 or greater, or earthquakes whose magnitude are 7.5 or greater) happened over the last 30 years (national level)



2009  2010



Percentage Year



2011



0–40 scale



1981



 2010



Number of nuclear power station accidents and incidents since 1952 (national level) Natural log of per capita GDP at current prices in US dollars (national average)



2011 2010



Number Dollars



¼1 if so, otherwise coded 0 (individual level) Age (individual level) Level of monthly household income (individual level), Bottom and second quintile: low_income; Third quintile: mid_income; Top and fourth quintile: high_income Level of educational attainment (individual level), No education/only basic education: low_edu; Secondary school: mid_edu; High level education (e.g. university): high_edu



2011 2011 2011



Binary Year Categorical (2 binary) Categorical (2 binary)



pol earthquake



USGSd accident GDP male age income education



2011



Freedom Housee Number



IAEA World Bank ICPSR ICPSR ICPSR ICPSR



a



Inter-university consortium for political and social research. www.freemaptools.com. c International atomic energy agency. d U.S. Geological Survey, Department of the Interior, U.S.. e www.freedomhouse.org. b



country r's characteristics, {binnpr, num_npr_area, per_npg, toe, pol, earthquake, accident, GDP}; β1 represents the 8  1 vector of the effect of these characteristics on preference for nuclear energy; Z i is the 1  6 vector of person i's demographic variables, {male, age, mid_income, high_income, mid_edu, high_edu}; γ 1 shows the 6  1 vector of the effect of these demographic characteristics on preference for nuclear energy; F t is an indicator variable that takes the value of 1 if time t is after the earthquake and tsunami; α2 represents the impact of the Fukushima nuclear accident on the intrinsic preference for the use of nuclear energy; β2 is the response parameter associated with the covariates X 1r after the Fukushima accident; Dr is the distance of country r from the area of the accident site which we interact with X 2r , {toe, pol, earthquake}; λ captures a distance effect of nuclear accident associated with country-speciﬁc characteristics; and γ 2 shows how demographic characteristics inﬂuence the preference for nuclear energy in the aftermath of Fukushima.



4. Results and discussion We examine the changes in the public acceptance of nuclear energy as an electricity source in 42 countries after the Fukushima nuclear accident. Of the 24,556 respondents, 52.7 percent favored the use of nuclear energy before the accident, and only 45.4 percent favored it after the accident. Korea had the highest level of public acceptance before the accident (86.9 percent), followed by China, Bulgaria, Russia, and Bangladesh. Greece had the lowest public acceptance rate among the 42 countries (11.4 percent), and the level of public acceptance in Austria and Morocco was below 20 percent (Fig. 1). After the accident, the level of public acceptance in 40 countries declined (Morocco and Spain were the exceptions). As expected, Japan had



Fig. 1. Public acceptance of nuclear energy before and after the Fukushima disaster.



the largest decrease in public acceptance rates (22.8 percent), followed by Iraq, Egypt, Kenya, Bangladesh, and China (Fig. 2). Although Spain's acceptance level increase was not statistically signiﬁcant, Morocco had a 15.3 percent increase in acceptance. One possible reason for Morocco's counter-trend is that the proportion of people who had heard about the leakage of radiation from the nuclear reactor in Japan was smaller in Morocco (78.8 percent) than in the other countries (88.3 percent). To explore the determinants of the level of public acceptance of nuclear energy, we use a logistic regression method. In Table 2, Model 1 is a basic model with the simple terms of the independent
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variables for examining their effects on public acceptance of nuclear energy, regardless of the Fukushima nuclear accident, and the interaction terms between the independent variables



Fig. 2. Differences in public acceptance of nuclear energy before and after the Fukushima disaster.



and the binary variable of before and after the Fukushima accident to examine sensitivities in the effect of the independent variables on the change in public acceptance after the accident. Models 2, 3, and 4 are extended models that include interaction terms between distance and operational experience of nuclear power generation, political pressure on media content, and the number of signiﬁcant earthquakes. The negative coefﬁcients of the variable after_tsunami across the four regression models show that the Fukushima accident decreased the level of public acceptance of nuclear energy (pro_nuke), as expected. This result is also consistent with other cases of serious nuclear accidents such as Three Mile Island and Chernobyl (Melber, 1982; Renn, 1990; Rosa and Dunlap, 1994). In the case of the effect of distance from the nuclear accident, the negative effects for the interaction terms of distance and after_tsunami on public acceptance of nuclear energy mean that the farther away people are from the site of the nuclear accident, the greater the decline in public acceptance of nuclear energy after the accident. In other words, the distance effect was greater than the proximity effect on public acceptance of nuclear energy after the Fukushima accident (Assefa and Frostell, 2007). Public concern and fear increased with greater distance from the site. The variables of binnpr, num_npr_area, toe, and per_npg show positive and signiﬁcant effects on public acceptance of nuclear



Table 2 Results from logistic regression analysis of the public acceptance of nuclear energy. Variables



Public Acceptance (pro_nuke) Model 1



Original effect Intrinsic preference for nuclear energy binnpr num_npr_area per_npg toe pol earthquake accident GDP male age mid_income high_income mid_edu high_edu Fukushima effect(Interactions) after_tsunami (main effect) distance binnpr num_npr_area per_npg toe pol earthquake accident GDP male age mid_income high_income mid_edu high_edu toendistance polndistance earthquakendistance Log  Likelihood BIC



Signiﬁcant at 5%. Signiﬁcant at 1%.



nn



Model 3



Model 4



 0.837nn 0.656nn 0.019nn 1.141nn 0.047nn 0.025nn 0.006nn 0.011  0.244nn 0.528nn  0.002n 0.224nn 0.528nn 0.027 0.148nn



 0.837nn 0.656nn 0.019nn 1.152nn 0.047nn 0.025nn 0.006nn 0.010  0.244nn 0.528nn  0.002n 0.225nn 0.529nn 0.025 0.146nn



 0.837nn 0.656nn 0.019nn 1.153nn 0.047nn 0.025nn 0.006nn 0.011  0.244nn 0.528nn  0.002n 0.225nn 0.529nn 0.026 0.146nn



 0.837nn 0.656nn 0.019nn 1.140nn 0.047nn 0.025nn 0.006nn 0.011  0.244nn 0.528nn  0.002n 0.225nn 0.529nn 0.025 0.146nn



 0.261nn  0.625nn 0.157  0.046nn 0.380n  0.058nn  0.008n  0.017nn 0.134nn 0.049n 0.047  0.002  0.149nn  0.148nn  0.013  0.046



 0.277nn  0.634nn 0.174  0.053nn 0.467nn  0.063nn  0.008nn  0.019nn 0.162nn 0.048n 0.046  0.002  0.143nn  0.144nn  0.008  0.050n  0.042nn



 0.267nn  0.664nn 0.186n  0.051nn 0.469nn  0.061nn  0.008n  0.014nn 0.124nn 0.050n 0.043nn  0.002  0.143nn  0.142nn  0.012  0.045



 0.263nn  0.620nn 0.164  0.047nn 0.423nn  0.058nn  0.007n  0.015nn 0.118nn 0.052n 0.047n  0.002  0.150nn  0.150nn  0.011  0.041



 31,024.338 62,383.534



Reference categories: gender (female); income (low_income); education (low_edu). n



Model 2



 31,020.483 62,386.625



0.015nn  31,018.021 62,381.701



0.003  31,023.753 62,393.165
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energy. In other words, regardless of the Fukushima accident, the greater the experience of nuclear power generation, the higher the public acceptance of nuclear energy. A government's experience of nuclear power generation provides the public with both familiarity and conﬁdence in nuclear energy. The results of the interaction effects between the variables regarding dependence on nuclear energy and the Fukushima nuclear accident are mixed. Public acceptance of nuclear energy sharply decreased after the accident in countries with a high density of nuclear power reactors. However, our expectation that the operational experience of nuclear power generation lessens the decrease in the level of public acceptance of nuclear energy after an accident is not conﬁrmed. Rather, the effect of operational experience of nuclear power generation on public acceptance became signiﬁcantly negative after the Fukushima disaster. Therefore, the total operating time of nuclear power generation may be seen as a potential risk rather than as creating trust for the public. Additionally, contrary to our expectation, the proportion of nuclear power generation is positively and signiﬁcantly related to public acceptance of nuclear energy after the Fukushima accident. This result can be explained by Corner et al. (2011), who stated that there are many people who reluctantly accept nuclear energy because countries with a national electric power production structure that depends heavily on nuclear energy cannot easily change their national energy mix in a short time. In the case of the interaction term of the three variables after_tsunami, distance, and toe in Model 2, we ﬁnd that the distance from the Fukushima accident site strengthens the negative effect of the operational experience of nuclear power generation on the acceptance of nuclear energy after the accident. This ﬁnding reveals that the distance effect is further ampliﬁed in countries that concentrate on nuclear power generation. In terms of the political pressure on media content, we ﬁnd that countries with a greater level of governmental control of the media had a higher public acceptance rate. If a government's national energy policy, via its control of the media, focuses only on the beneﬁts and excludes the potential risks of nuclear energy, then the public will unconsciously accept the use of nuclear energy (Ohnishi, 1995). However, an interesting and unexpected ﬁnding is that political pressure on and control of media content contributed to a further decrease in public acceptance of nuclear energy after the Fukushima nuclear accident. It appears that public understanding of the accident was greater than that provided by the limited and controlled media information. Additionally, if the media loses credibility, this can also magnify the concern of the public and reduce public acceptance of nuclear energy. The far-reaching nature of the Internet and other information sources may support this phenomenon. With regard to the interaction term of the three variables after_tsunami, distance, and pol in Model 3 we ﬁnd a positive and signiﬁcant interaction effect. This suggests that the greater the distance from the site of the nuclear accident and the higher the government control over media content, the smaller the reduction in public acceptance of nuclear energy after an accident, which is consistent with our expectation. Table 2 also shows that the number of nuclear power station accidents and incidents has no signiﬁcant relationship with public acceptance of nuclear energy, while the number of signiﬁcant earthquakes is positively related to public acceptance. The positive effect of earthquakes may be attributable to the higher public acceptance rates in China, Russia, and India, where earthquakes frequently occur. Conversely, the interaction effect between earthquakes and the variable after_tsunami was contrary to the interaction effect between the number of nuclear accidents and after_tsunami. First,
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people in countries that have experienced serious earthquakes had a greater decrease in acceptance of nuclear energy after the accident. It would appear that people who have experienced large-scale earthquakes have greater concern about the damage caused by an earthquake than those who have not, and this may lead to a decrease in public acceptance of nuclear energy. However, the number of nuclear power station accidents positively and signiﬁcantly affected public acceptance rates of nuclear energy after the accident. The reason might be that, unlike earthquakes, the probability of a serious nuclear accident causing massive damage is extremely low. The interaction term of the three variables after_tsunami, distance, and earthquake in Model 4 is not signiﬁcant. Therefore, people in countries where earthquakes frequently occur have a similar level of concern about damage from nuclear accidents regardless of their distance from the site of the nuclear accident.



5. Conclusion This study examined changes in public acceptance of nuclear energy after the Fukushima nuclear accident in 42 countries. We considered the level of dependence on nuclear energy and political pressure on the media, controlling the effect of distance on nuclear public acceptance. As expected, the Fukushima nuclear accident lowered public acceptance of nuclear energy signiﬁcantly; however, contrary to our expectation, in countries with a high density of nuclear power reactors and extensive operational experience of nuclear power generation, public acceptance of nuclear energy more sharply decreased after the accident. Nevertheless, the proportion of nuclear power generation in a country's total power supply is positively and signiﬁcantly associated with public acceptance of nuclear energy after the accident. In the case of the moderating effect of distance, the further away respondents lived from the site of the nuclear accident, the greater the decline in public acceptance of nuclear energy. Therefore, the distance effect (in which people further away from an accident site experience greater concern and fear than those in areas nearer to the accident site) is greater than the proximity effect (in which people closer to the site experience greater concern) on public acceptance of nuclear energy. In addition, the distance from the Fukushima accident site strengthens the negative effect of the operational experience of nuclear power generation on acceptance after the accident. We also found that in countries with a greater level of media suppression by the government, there is also a higher public acceptance rate. However, after the Fukushima nuclear accident, political pressure on media content led to a greater decrease in the level of public acceptance of nuclear energy which is somewhat unexpected. Additionally, a positive and signiﬁcant interaction effect between political control of the media and distance suggests that media control by the government has an effect on public acceptance of nuclear energy after an accident only in regions far from the accident site. The Fukushima nuclear accident was a catastrophic incident that signiﬁcantly affected the level of public acceptance of nuclear energy across the globe. Therefore, it is necessary to investigate its effect on public acceptance of nuclear energy for development of nuclear energy policy in the coming decades. Our investigation reveals the sources of its effect on public acceptance of nuclear energy. One of interesting ﬁndings is that control of and pressure on the media by the government has a negative effect on public perceptions of nuclear energy when a nuclear disaster occurs. After the Fukushima accident, the Japanese government was
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criticized for releasing inaccurate or unreliable information, which appears to have reduced public acceptance of nuclear energy. In addition, the reversed effects of the operational experience and the proportion of nuclear power generation on public acceptance before and after the Fukushima accident also suggest how signiﬁcant the impact of the disaster has been on public acceptance of nuclear energy across the countries. These substantial changes in public acceptance make it difﬁcult for policy makers to continue or change policies regarding nuclear energy. Therefore, our results suggest policy makers to approach issues of nuclear public acceptance in a way signiﬁcantly different from before the Fukushima disaster. Public acceptance of nuclear energy is highly correlated with a government's political decision-making. Identifying the fundamental issues that affect public acceptance of nuclear energy and considering its country's unique technological, industrial, and safety status regarding nuclear energy will help each government establish a better national energy policy. Additionally, governments should provide a convincing nuclear energy policy reﬂecting the change in public acceptance of nuclear energy after a catastrophe like the Fukushima nuclear accident. Although this study contributes to the literature on nuclear energy policy by examining the effect of the Fukushima disaster on global public acceptance of nuclear energy, the effect of the disaster in our study may be more negative than expected, because the survey was conducted right after the Fukushima accident. Therefore, a series of additional periodical surveys on the long-term change are required to examine the evolution of nuclear public acceptance. Additionally, in this study, it will be also important and interesting if we examine the effect of the Fukushima accident on the preferences of other energy sources. The effect can be heterogeneous on difference energy sources which affect the future energy policy of a country. Therefore, future researches on the effect of the Fukushima accident on a comprehensive energy policy and an energy mix at the national level seems to be necessary. Acknowledgement This work was supported by the National Research Foundation of Korea Grant funded by the Korean Government (NRF-2011-013B00051, NRF-2012-S1A3A-2033860) and by the New and Renewable Energy Program of the Korea Institute of Energy Technology Evaluation and Planning (KETEP) grant funded by the Korea government Ministry of Knowledge Economy (No. 20093021020020). References Assefa, G., Frostell, B., 2007. Social sustainability and social acceptance in technology assessment: a case study of energy technologies. Technology in Society 29, 63–78. Choi, Y.S., Kim, J.S., Lee, B.W., 2000. Public's perception and judgment on nuclear power. Annals of Nuclear Energy 27, 295–309. Corner, A., Venables, D., Spence, A., Poortinga, W., Demski, C., Pidgeon, N., 2011. Nuclear power, climate change and energy security: exploring British public attitudes. Energy Policy 39, 4823–4833. Coval, J.D., Moskowitz, T.J., 1999. Home bias at home: local equity preference in domestic portfolios. Journal of Finance 54, 2045–2073. Crick, M., McKenna, T., Buglova, E., Winkler, G., Martincic, R., 2004. Emergency management in the early phase. Radiation Protection Dosimetry 109, 7–17. Dadwal, S.R., 2009. India's energy security: challenges and opportunities. Eurasian Geography and Economics 50, 665–681. Ehreiser, S., 2011. Country perspective: United States. In: Netzer, N., Steinhilber, J. (Eds.), The End of Nuclear Energy? International Perspectives after Fukushima. Friedrich Ebert Stiftung, pp. 75–78.
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