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Overview
[bookmark: _GoBack]The preferences expressed in voting on nuclear reactor licenses and the risk perceptions of citizens provide insights into social costs of nuclear power and decision making in energy policy. We introduce an analytical model which shows that where people’s risk perceptions affect their stand on nuclear power, a perceived probability of accident results in external costs. These costs consist of disutility caused by unnecessary anxiety - due to misperceived risks relating to existing reactors - and where licenses for new nuclear reactors are not granted, delayed or totally lost energy production. Empirical evidence is derived from Finnish surveys eliciting explicitly the significance of risk perceptions in respondents’ preferences regarding nuclear power. The public’s risk perceptions translate into a significant social cost, and are likely to affect the revenues, costs and financing conditions in the nuclear power sector in the future.
Methods
We introduce a simple model for measuring the social costs of nuclear power resulting from perceived risks of a nuclear accident. Our investigation of risk perceptions reveals insights into their welfare consequences, which become capitalized in political decisions in licensing processes. The model takes into account that citizens make choices according to their beliefs. We show analytically that if people’s risk perceptions affect their stand on nuclear power, biased perceptions of accident probabilities pose a cost to society. These costs show up in two forms: unnecessary anxiety due to misperceived or exaggerated risks of existing reactors and, where licenses for new nuclear reactors are not granted, delayed or totally lost energy production. Understanding people’s risk perceptions can help reduce expenditures, delays and enmity, and improve risk management and social welfare.   
Based on the welfare components identified in the analytical model, we measure perceived risks of nuclear accident using surveys addressed to the general public in Finland. We investigate the extent to which the public’s risk perceptions affect their stand on nuclear power and stated behavior of voting on new licenses for nuclear reactors. We measure perceptions of risks by responses to multiple survey items eliciting risk attitudes in the specific context of a referendum-type vote on nuclear power licenses. As we have responses to several risk questions, we can observe the use of the risk scale in separate items by every individual and control for the risk attitudes when explaining preferences in voting.  We study the impacts of a set of demographics and risk perceptions on voting for or against license applications for new nuclear power reactors in Finland. As we are aware of a potential endogeneity bias, we show that our results of the impacts of perceptions of the risk of a nuclear accident on voting are robust to a series of specification checks, including an instrumental variable estimation. Moreover, we validate our model of hypothetical voting by analyzing observed voting behavior of the members of Parliament who voted on the licenses in the Parliament in 2010.
Results
Accident-risk perception turns out to be a statistically significant determinant of voting decision.  The marginal impact of perceiving the risk of accident as being high is large, and considerably reduces the willingness to support licenses for new nuclear reactors. In addition, the results show that the impact of the risk of accident is robust; the marginal impact is always negative and statistically significant, and remains rather stable. The non-linear Logit model produces consistently slightly larger marginal impacts than OLS.
Using the estimated marginal impacts of the accident risk on predicted voting behavior, we can roughly approximate the magnitude of the impact of increased risk perceptions on the value of the electricity production lost due to opposition to new nuclear reactors. Using the marginal impact of perceptions of accident risks from our alternative model specifications and assuming the marginal value of electricity to be 30 euros/MWh and the external cost of accident to be 1 euro/MWh, our calculation estimates the cost of perceived risk as ranging from 4 to 7.5 euros per MWh. Hence, even our lowest estimate on the cost of perceived risk of accident is more than four times the size of previously estimated cost of risk of accident based on the objective risks, or estimated probabilities of accidents (as discussed in, e.g., Laes et al. 2011). 

 
Conclusions
Drawing on Finnish survey data on the risk perceptions of the general public in a context of a referendum-type vote on permits for nuclear power, we show that risk perceptions do affect voting behavior. Various model specifications show that the estimated perceived high risk of nuclear accident decreases considerably the probability of voting in support of licenses for new nuclear reactors. The majority of those who are against nuclear power perceive the risk of accident as ‘high’ or ‘fairly high’. These perceived risks are extremely high compared to the scientifically estimated probabilities of accidents.
In our study, women tend to hold particularly high perceptions of risk of a nuclear accident, even after controlling for education. Indeed, discrepancy in risk perceptions of men and women may not reflect differences in education or rationality as a similar discrepancy have been found among men and women scientists with considerable knowledge of risk assessment procedures (e.g., Barke et al. 1997). 
Our focus on risk perceptions is motivated by the fact that previous studies have shown rather low external costs of a potential large-scale nuclear accident per produced MWh. Still, nuclear power continues to be highly contested issue in energy policy.  The growing literature on the long-term physical and psychological health effects of nuclear catastrophes on well-being (e.g., Almond et al 2009, Danzer and Danzer 2014, Goebel et al 2014) stresses the importance of analyzing the impacts of risk perceptions on the choices of technology in energy policy where externalities and social costs play a crucial role. 
The considerable discrepancy between the social cost of risk perceptions capitalized in voting behavior and the previously estimated external costs of accident risks suggests that perceived risks should not be underestimated in energy policy. As the perceptions ‘fairly high’ or ‘high’ risk of nuclear accident expressed in our survey are widely held among the public, decision-makers may become interested in investing in measures to reduce anxiety regarding the risks and thereby increase welfare. This may also explain, and justify, the strong reactions of regulators and policy-makers after the major nuclear power plant accidents in the world as means of reducing the probability of occurrence of a new accident, but also as means of reducing fear by reacting.
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