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Abstract
iv

This dissertation research examines the prolonged nuclear stalemate in USA by investigating “the NIMBY syndrome” or the local opposition to spent nuclear fuel siting policy options from a public policy perspective. Nuclear energy production in general and nuclear waste disposal in particular is a highly contentious debate and a partisan policy issue that has evolved through many years. Using a range of quantitative analyses of cross-sectional data as well as data over time, I find evidence for localized nuclear opposition to result in reshaping the political landscape in terms of citizen partisan and ideological dispositions in the state of Nevada. The analyses of a nationwide representative sample of respondents reveal increased risk perceptions in nuclear waste transportation over time negatively affects public support for SNF deep geologic disposal five years later. Likewise, increased benefit perceptions in reduced mining is likely to lead an above average support for SNF onsite storage policy option 1 year later. While the nuclear impasse in its essence is a tangle of governance problems and management processes, its resolution seems far-fetched. The findings of this dissertation imply that changes in public perceptions and awareness in the long run may result in policy change.
Chapter 1: Political Stalemate and Individual Preferences in Nuclear Waste Debate
Introduction
Despite broad scientific consensus that deep geologic isolation is the preferred method for disposing of long-lived radioactive wastes (National Research Council 2001; IAEA 2014), siting facilities for the storage and disposal of these wastes has historically been among the most contentious policy problems and the most difficult tasks that governments have attempted to undertake (Hadden et al. 1983; O'Hare et al., 1983; Matheny and Williams 1985; Kraft and Clary 1991). The heart of this controversial policy debate concerns the distribution of perceived costs and benefits, a topic that has been the subject of study by public choice theorists (Buchanan & Tullock 1962) and political economists (Wilson 1984; Wilson et al 2018). The decision about where to site a nuclear waste disposal facility has typically been characterized as one that would concentrate the risks and costs (e.g., the potential effects on human health and environment near the facility) on a small segment of population whose residences are geographically concentrated around the disposal facility, while the benefits (e.g., increased security, reduced environmental and health risks from geographically dispersed temporary storage facilities) are spread across the general population (Matheny and Williams 1985; Kraft and Clary 1991). Absent public support by those near the proposed disposal facility, political opposition can – and often has – effectively blocked efforts to site such facilities. Public opinion and citizen participation in the policy opportunity structures of democratic political systems thus play a critical role in hazardous waste disposal facility siting (Rosenbaum 1983; Barber 1984; Matheny and Williams 1985; Kraft and Clary 1991). 
The political stalemates confronting nuclear waste disposal policies are an example of a broader class of policy conflicts, known as "the NIMBY syndrome" (Matheny and Williams 1985, p. 1). “NIMBY (“Not In My Back Yard”) refers to intense, sometimes emotional, and often adamant local opposition to siting proposals that residents believe will result in adverse impacts” (Kraft and Clary 1991, p. 2). While the critics of NIMBYism often claim that technical and economic development or broader safety gains are being delayed because of myopic local concerns and overstated risks (Mazmanian and Morell 1990), a more positive assessment argues that NIMBYism is a rational and legitimate expression of local concerns and interests (Shrader-Frechette 1988; Matheny and Williams 1985, Slovic’s 1993).
	However, the tenacity over many decades of the NIMBY syndrome as it applies to nuclear waste disposal has resulted in the persistent and growing problem of the accumulation of radioactive wastes in temporary storage sites (including “orphaned” waste at the growing number of shut-down reactors), increasing risks and costs for the entire community in the long run (Matheny and Williams 1985). Scientific consensus has established the urgency of this issue both nationally in the US and internationally by global organizations (US National Academy of Sciences National Research Council 2001; International Atomic Energy Association 2014). Large volumes of spent nuclear fuel (SNF) and high-level radioactive wastes (HLW) have accumulated, and experts have consistently concluded that deep-geologic disposal will be the most effective way to isolate these long-lived radioactive materials from people and the environment. In addition, continued (or expanded) reliance on nuclear energy is seen by many experts as necessary to reduce carbon emissions to address climate change (Lynas 2011b; Shaw 2011; Mulligan 2011), which would result in additional stocks of SNF that will require disposal in the future.
But controversy persists. Some policy experts have maintained staunch opposition to nuclear energy in any form (Green 2016). In part this opposition stems from a series of highly publicized nuclear disasters at operating nuclear power plants (Three Miles Island, Chernobyl, Fukushima) which have threatened both local populations and ecosystems. Another perceived threat is that spent nuclear fuel could be reprocessed into plutonium and made into nuclear weapons (Carter 1987). The highly-irradiated materials could also be used as improvised radiation bombs by terrorists. These arguments continue to fuel local opposition to the siting of a permanent disposal facility for spent nuclear fuel.
Irrespective of support or opposition of the usage of nuclear energy, the global stocks of spent nuclear fuel continue to grow. “The total cumulative amount of spent fuel that will be generated by 2020 is estimated at 445 000 tHM, of which about 324 000 tHM will still be in storage rather than recycled” (IAEA 2007, p. 3). Currently there are two pathways available for countries for safe disposal of spent nuclear fuel: storage on (or near) earth’s surface or in deep underground repositories.[footnoteRef:1] Surface storage is widely seen as only a temporary solution, requiring active management by future generations who may – or may not – have the technical capabilities required for the task. “After four decades of study, the geological repository option remains the only scientifically credible, long-term solution for safely isolating waste without having to rely on active management” (National Research Council 2001). Yet, waste-management programs around the world and in the US have failed not because of the lack of technological solutions but societal and political challenges (Carter 1987; Cravens 2007; National Research Council 2001; IAEA 2014). Extended nuclear waste management programs are blocked by NIMBY-like reactions at the local level when public authorities try to site nuclear disposal facilities. Public support is considered to be the biggest challenge in “achieving safe and secure storage and permanent waste disposal” (National Research Council 2001). [1:  Two other disposal options – submergence in the deep seabed and launching the highly radioactive materials into space (or the sun) – have been widely rejected as unacceptable to the international community or too risky (National Research Council 2001).] 

	Scholars have found that general political attitudes shape support or opposition to potentially risky technologies (Rothman and Lichter 1987, Slovic 1993). Paul Slovic (1993) claimed that society’s levels of risk perception and trust to government is reflected in its risk management mechanisms and the level of public participation and control in representative democracy. In this regard, political ideology and partisanship, as expressions of competing public values, are important because they influence policy debates and are linked to policy preferences for nuclear waste technologies (Conover and Feldman 1981; Jenkins-Smith and Smith 1994; Rothman and Lichter 1987). Previous studies have demonstrated that Democrats and liberals are more likely to express opposition in nuclear waste policy debate than Republicans and conservatives (Jenkins-Smith et al. 2011; Hunter and Leyden 1995; Rothman and Lichter 1987).
Ideological and partisan influences are coupled with perception of justice and fairness, as evident in findings by Frey and Oberholzer Gee (1996). Like Slovic (1993), they found that while expected economic impacts and risk estimates influence individuals’ willingness to accept/oppose the siting of nuclear waste repositories, such procedural aspects as perceived fairness of the rules for disposal site selection also influence acceptance of these facilities (Frey and Oberholzer Gee 1996).
In this dissertation, I will explore public preferences for hazardous waste disposal policy options. The question that I am seeking to understand is how partisanship and ideology shape public preferences for spent nuclear waste (hereafter SNF) disposal policy options in general, and location based policies, in particular. I will also explore whether SNF disposal policy issues at the local level have reshaped the political landscape by influencing partisan and ideological preferences of residents of communities that are identified as potential hosts for SNF disposal facilities. Will local policy concerns have the potential of affecting levels of political participation locally?
Theoretical Framework
An overview of the research findings from the NIMBY literature shows that there are distinct sets of arguments about why local opposition to SNF siting develops. One set of arguments is based on homo economicus. This argument views individuals as self-interested utility maximizers, as posited by the rational choice model of the individual. By this argument, when individuals are faced with a choice situation, they consider all the possible options, weigh the costs and benefits associated with each option, and then choose the option that is calculated to bring the highest net utility to them (Riker 1990, Hindmore 2010). By implication, when individuals are faced with a decision option that would impose greater localized costs in pursuit of diffuse benefits for the larger society, they naturally oppose that option. Support can be expected only when localized benefits off-set the localized costs (Jenkins-Smith and Kunreuther 2001). In some instances, arguments that local community members are best understood as self-interested utility maximizers focus narrowly on proximity to the site (as a proxy for perceived costs) in their explanations. Despite the potential sophistication of rational choice models, I will argue that the usage of proximity as the main explanatory variable for support or opposition of a proposed disposal facility is based on an overly simplistic assumption about the individual’s utility function and their decision making in general. 
In the NIMBY literature, another set of arguments about local opposition to SNF siting draws more heavily on behavioral economics – the homo-heuristicus set. NIMBY models based on behavioral economics (Tversky and Kahneman 1974; Kahneman and Tversky 2013), or psychometrics of risk perceptions (Jenkins‐Smith and Kunreuther 2001; Slovic et al. 1991) consider the central role of psychological biases and heuristics in shaping individuals’ views and beliefs for policy preferences. In this literature, people use simplifying heuristics to identify and rate risks (Slovic 2010). Nuclear risks are among the most dreaded, and are particularly salient and impactful when the exposure to radiation is seen as imposed (involuntary) by other actors or the government (Slovic 1987). Importantly, high perceived risks lead homo-heruisticus to see the benefits as lower, making it very difficult to secure local support for nuclear waste disposal sites when the facility is seen as imposed upon the local community.
In this dissertation, in contrast to both the homo-economicus and the homo-heuristicus models, I focus on NIMBY decision-making from a broader public policy perspective, based on the homo-politicus as the model of the individual. One of the major theories of policy process argues that public policy preferences within a policy domain are formulated based on deep core beliefs that serve as a foundation for the formulation of more specific policy positions (Jenkins-Smith et al. 2017; Jenkins-Smith et al. 2014a). From this perspective, we assume that an individual is boundedly rational and is motivated by systems of structured beliefs (Lindblom 1959; Simon 1985, Jones 2001; Ripberger et al. 2014; Jenkins-Smith et al. 2014b). This model of the individual is in contrast with the sets of assumptions more commonly employed in the NIMBY literature, as described above.


Figure 1-1. Continuum of Micro-foundation of Individual Decision Making
[image: ]

As it can be seen from Figure 1-1, both for NIMBY (Hadden et al. 1983; O'Hare et al., 1983; Matheny and Williams 1985; Kraft and Clary 1991; Armour 1991; Greenberg 1993; Benford et al. 1993; Lui 1997; Williams et al. 1999; Schively 2007; Smith 2015; Davy 2016; Lester 2018; Slovic et al. 1991; Jenkins-Smith and Kunreuther 2001; Sjoberg 2004; Schively 2007) and for the traditional public opinion literature (Lippmann 1922; Campbell et al. 1960; Dewey 1927; Gallup 1939; Converse 1964; Peters 1995; Zaller 1992, Jenkins-Smith and Herron 2006; Schudson 2008; Dewey and Rogers 2012), individuals are assumed to be self-interested players who are driven by heuristics and biases. Whereas from public policy perspective individuals or “homo-politicus” have hierarchically structured beliefs systems with deep core beliefs as the essential driver for their policy preferences. In addition, belief systems in the ACF implies that individuals are driven by broader societal considerations that are formed through their values and belief systems (Jenkins-Smith et al. 2014b). Whereas traditional NIMBY literature implies that individuals are merely driven by their local narrow concerns. Table 1-1 presented below briefly summarizes these differences:


Table 1-1. Comparison of Individual Preference Formation Models
	Preference formation factors
	Homo-economicus
	Homo-heuristicus
	Homo-politicus

	Values
	Self interest
	Biased motivations
	Political culture and ideology

	Belief structure
	Sparse
	Dense societal belief structures
	Hierarchically structured complex system 

	Reasoning
	Pure rational
	Heuristics
	Mixture of both



Hence, these questions have traditionally been centered around social response to hazardous waste disposal facilities by focusing on physical proximity of local residents to the facilities. In this dissertation, I will focus on public preferences in SNF policy options from public policy perspective by focusing on the homo-politicus as the model of the individual. By incorporating “political” variables in the study of NIMBYism syndrome and accounting for the impact of political ideology in the formulation of hierarchically structured complex belief systems I will investigate the political side of SNF policy subsystem.
Overview of the Dissertation
In chapter 2 of this dissertation I review the literature about the role of public opinion in the policy making process and what we know so far about NIMBYism syndrome. In chapter 3 I examine the changes in public preferences in spent nuclear fuel (hereafter SNF) siting over time in parallel with respondents risk and benefit perceptions and their trust in government. In chapter 4 I explore whether a highly contested local SNF siting issue has the potential of reshaping partisan and ideological positions among local communities. In chapter 5, I zoom out of this narrow policy area to cast a broader look at the complex interconnection between environmental and energy policy preferences. Finally, chapter 6 provides a summary of this dissertation.

Chapter 2: Public Opinion Literature and Policy Preferences
The Role of Public Opinion in a Democracy
A survey of political science literature demonstrates that public opinion is formed due to the external cultural-ideological environment of the overall political system (Dahl 2005; Mayo 1960). This environment shapes the inputs of the system. American cultural values, attitudes and habitual patterns of behaviors that individuals acquire due to their political socialization eventually influence their policy preferences that later serve as inputs into the system (Almond and Verba 2015; Dahl 2005). In less contemporary political science literature ideology is viewed as part of culture in broad terms (Gerberding 1970). While the conceptual definitions and their empirical operationalization has evolved in contemporary applications, the influence of culture and ideology in public opinion formation have always been recognized (Jenkins‐Smith et al. 2014b; Ripberger et al. 2014; Ripberger et al. 2011) In this dissertation I will test hypotheses connected with public preferences for SNF policy options with the help of these political variables.
Policy type is another essential aspect that plays a determining role how various interests are shaped, preferences formed, and interests organized. According to policy sciences typology policies have been classified into distributive, redistributive and regulatory policies (Lowi 1964). The latter were divided into two categories: protective regulatory and competitive regulatory (Ripley and Franklin 1984). In old Lasswellian policy sciences these classifications were intended to avoid conflict by predicting how various interests would react to different kinds of policies (Lasswell 1970). James Wilson (1995) classified policies in terms of the extent to which their costs and benefits are focused on one particular interest or are spread across various people, groups or interests. Fiorina (2004) argues that on average members of the public tend to prefer policies that will yield them highest benefit at the lowest cost. This is the rationale for efficiency on individual level (Fiorina 2004). At the same time, this is the reason that American politics is formed around lobbying, mobilization and interest group politics (Skocpol and Fiorina 2004). Among many others, the aim and service of political parties per se is to balance narrow interests and to avoid collective action problems in government (Aldrich 1995). However, with the decline of political parties in American politics scholars have also found “decline in collective responsibility” (Fiorina 1980). It can be threatening to liberal democracy when systems are more involved with distribution of benefits to particular interests (Lowi 1979). It is obvious that public interest should be in the center but when individuals are thinking about themselves it is hard for them to distinguish between their own private interests and the public interest overall.
All these policy characteristics play an essential role in shaping public policy preferences. Soroka and Wleizen (2010, p. 7) make a distinction between public policy preferences and interests. They claim that “many people have a preference for a level of redistributive policy that clearly is not in their best interest, for instance – they are wealthy themselves but support policies that favor the less advantaged.”  
John Dewey’s (1927) work titled the Public and Its Problems comes to critique Lippmann and his views about the public (Schudson 2008). Dewey believed in representative democracy and in the central role of public opinion for deliberative democracy (Dewey and Rogers 2012). Dewey is considered to be the founder of what Jenkins-Smith and Herron (2006) call the revisionist view of public opinion. “Revisionists expect to find at the aggregate level reasoned preferences driving from stable and persistent belief structures in which logical connections exist between broad ideological dispositions and more specific policy beliefs” (Jenkins-Smith and Herron 2006, p. 18). Here we can see, that as opposed to traditionalist views these scholars have different approach and assessment of public capabilities. They recognize that individuals have multiple competing issues and that public is ill-formed because of complex social life (Key 1961; 1966; Page and Shapiro 1992/2010; Erikson, MacKuen and Stimson 2002). Scholars in the revisionist tradition believe that the public is mostly rational and reasonable when forming views on the political issues that are salient to them (Dewey 1927) Key 1961; 1966; Page and Shapiro 1992/2010; Erikson, MacKuen and Stimson 2002). The research conducted by Page and Shapiro (1992/2010) demonstrates that despite fluctuations of opinions of individuals, collectively public opinion is coherent and stable. This stability represents public’s shared value systems and its sensitivity to major events (Page and Shapiro 1992/2010). Page and Shapiro (2010) demonstrate that public opinion is subject to manipulation when government control of information is great. This is an alarming factor for the sustainability of democracy: while the role of public opinion is important in formulating policy decisions, it is as important to have well informed public opinion which formulated freely and independently. 
Key (1961) considered that public opinion is especially necessary for determining broad policy directions, rather than day-to-day pragmatic solutions for detailed aspects of policies. Key (1961, p. 81) claimed that “… policy decisions by legislatures and by other authorities exercising broad discretion are made under such circumstances when extremely small proportions of the general public have any awareness of the particular issues, much less any understanding of the consequences of the decision.”
Peters (1995) claims that there is a tension at the core of the discussions of public opinion. Although “…public opinion claims to be the voice of the people, a clear and direct utterance from the citizenry…” for the legitimacy of government, it is still unclear in what institutional means and capacities can people do so (Peters 1995, p. 3). Elections are one of the major institutional fora of expressing public opinion. Voter turnout and high political participations are indicators for a healthy democracy. Research in Political Science demonstrates the effect of individuals’ various socio-economic conditions and demographic variables on their level of political participation (Zukin et al. 2006).

Political Polarization as a Threat to Democracy
Political parties play vital role in translating public preferences to public policies (Eldersveld and Walton 1982). On the one hand, they provide keys to voters for options to choose, on the other hand, they assist elected officials in preparing policy options that would be appealing for their constituency (Green and Coffey 2010). On macro-political level, the organization of political parties in ranks and seniority creates structurally induced equilibria to avoid incoherent political outcomes when necessary (Aldrich 1995). Scholars have found that American public opinion is strongly related to partisanship and polarized attitudes enhanced by communications from elites on a wide range of issues (Abramowitz and Saunders 2008, Baldassarri and Gelman 2008; DiMaggio et al. 1996; Levendusky 2009). 
Rising elite polarization has been at the center of the study of political scientists for decades. Scholars argue that political parties and politicians have become more likely to take extreme ideological positions on certain number of policy issue areas (McCarty, Poole, and Rosenthal 2006). In addition, polarization of political parties and political elites results mass polarization on a broad set of political issues (McCarty, Poole, and Rosenthal 2006; Taber and Lodge 2006). This public polarization driven from elites, limits individuals’ preferences and is seen as a threat to democracy (Baldassarri and Gelman 2008; Levendusky and Pope 2011). Baldassarri and Gelman (2008, p. 409) claim that polarization “induces alignment along multiple lines of potential conflict and organizes individuals and groups around exclusive identities, thus crystallizing interests into opposite factions.” They found that among general public those individuals who identify with a political party or ideology are more likely to be politically polarized than those who do not (Baldassarri and Gelman 2008). In addition, they found increased partisanship of the general public compared with previous years, which in its turn implied increased polarization among public (Baldassarri and Gelman 2008).
However, not all scholars agree that American public is polarized. Fiorina and Abrams (2008) found evidence for “party sorting” or increased partisan polarization, nonetheless they do not agree with the conception that there is wide geographic polarization among voters. Fiorina, Abrams, and Pope (2006, p. 2) claim that “culture war” is a myth by referring to sociologist James Davison Hunter’s 1992 book, titled Culture Wars, denoting differences between “orthodox” and “progressive” Americans. They conclude that American’s policy positions on certain contentious issues are not polarized, instead their choices are polarized (Fiorina, Abrams, and Pope 2006). This partisan polarization creates a shadow of popular polarization which is just an impression and not a reality (Fiorina, Abrams, and Pope 2006). Red state versus blue state generalization seems to be overstated (Fiorina, Abrams, and Pope 2006; Levendusky and Pope 2011). These findings confirm an earlier study (1998) by Alan Wolf, titled One Nation After All, which was criticized for its sample of 200 suburban Americans. However, Fiorina et al. (2006) have surveyed tens of thousands of Americans all over the country. In addition, the picture of a largely centrist population even on abortion and religious issues that they demonstrate is in line with Anthony Downs (1957) Economic Theory of Democracy. Downs (1957) demonstrated that in a two-party system party ideologies are loosely integrated to attract more votes, which results in voters that strive towards the center or the mid-point of the ideological spectrum. In a later work titled Disconnect: The breakdown of representation in American politics, Fiorina and Abrams (2012) demonstrate the divide between polarized political elites and their moderate voters. They claim that because of this disconnect these officials do not represent the people that they are supposed to represent (Fiorina and Abrams 2012).
The divide among scholars about the issue of political polarization and its extension to public opinion in general has dominated political science literature for decades. Some scholars have demonstrated that public opinion in USA has remained stable in general or has become more moderate on number of issues (Baldassarri and Gelman 2008). At the same time, strong polarization is assumed to be present on certain heated policy areas, like abortion, and sexual morality (DiMaggio, Evans, and Bryson 1996; Evans 2003; Shapiro and Bloch-Elkon 2006). For instance, research in anthropogenic climate change beliefs shows that on average in the long run individuals’ beliefs in climate change are stable with significant partisan and ideological polarization (Dunlap et al. 2001; Egan and Mullin 2017; McCright and Dunlap 2011).
Thus, some scholars consider that political polarization means opinion and belief differences on broad set of issues and therefore argue that American public opinion is not polarized (DiMaggio et al. 1996; Fiorina et al. 2006). Others believe that because there are broad ideological and partisan differences American public opinion is polarized even though noticeable divergence of opinions are on specific issues (Abramowitz and Saunders 2008; Kohut et al. 2000; Mayer 2004). What matters for this dissertation is whether increased partisanship would affect public preferences for individuals’ SNF citing policy options. As questioned by Fiorina et al. (2005), would increased partisanship be due to higher ideological coherence? By looking at the role of political ideology in public preferences for individuals’ SNF citing policy options, I will explore whether partisanship and political ideology have the same effect in public preferences for these policy options or partisanship is the main driving force for individuals’ SNF citing policy preferences. In SNF citing policy dispute we see a collision between uniquely “local” concerns – those that induce NIMBY responses – and belief system (or polarized partisan/ideology) based concerns. In this dissertation, I will investigate whether the localized nature of the issue (siting a nuclear waste repository) induces a different set of connections within belief systems than do other kinds of issues (e.g., taxation or abortion). I am curious to see whether political beliefs still matter in these location-based policy disputes.

Public Opinion and Public Policy Preferences 
Public opinion polls are a common way of collecting information about public preferences on certain policies. While public opinion polls provide policymakers with broad measures of public sentiments about certain policy issues, they are not always taken into account. One of the central questions of democratic theory is “whether policy outputs are related to public preferences” (Hakhverdian 2010, p. 835). Soroka and Wleizen (2010, p. 10) introduce the concepts of “public responsiveness” and “policy representation” as essential features of sustainable democracy. From the aspect of public responsiveness they are interested to see the extent to which public preferences are informed and responsive to public policy changes (Soroka and Wleizen 2010). The question they ask for public responsiveness aspect is whether public is informed enough to express if they would prefer more or less of a certain policy on daily basis. Whereas by policy representation they are interested in the extent public opinion is reflected in actual policy. Referring to Hannah Pitkin’s (1967) work, titled The Concept of Representation, Soroka and Wleizen (2010) are concerned whether public policy-making represents aggregated preferences of the general public. It is also in line with the literature on whether government partisanship has an effect on policy outcomes (Schmidt 1996). By testing their “thermostatic” model of public opinion, Soroka and Wlezien (2010) find that  public responsiveness is high in important policy domains and among substantial segment of public. Characteristics of issue salience, political institutions and the level of federalism are influencing the level of policy representation. Overall, they find that public in general does have an impact on “degrees” of democracy in a given country.
The role of public opinion in public policy preferences and eventually in policy outputs is well depicted in Figure 2-1 that demonstrates the “Systems Approach” of classical Political Science literature (Deutsch 1966; Easton 1965; Wiseman 1966).[footnoteRef:2] The inputs in the form of preferences of citizens are transformed into outputs reflected in public policies. The system can be self-maintaining in the sense that outputs go back and get converted into inputs with the feedback loop that monitors the systems and stimulates further inputs into the system. In an ideal representative democracy, this dynamic policy system can determine the efficiency of the overall political system (Soroka and Wleizen 2010). [2:  The figure is borrowed from Shaw, L. E., & Pierce, J. C. (Eds.). (1970). Readings on the American political system. D.C. Heath and Company.] 

[image: ]Figure 2-1. The U.S. Political Environment According to Systems Approach

In addition to this, Figure 2-2 demonstrates that voters/citizens, who are the subject of the study in this dissertation are one of four “extra-governmental” entities that play a decisive role in “inter-governmental” policy making process in USA (Cairney 2012).[footnoteRef:3] [3:  The figure is borrowed from Cairney, P. (2012). Understanding public policy: Theories and issues. Palgrave Macmillan.
] 





Figure 2-2. The Policy Making Milieu
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NIMBY and LULU Sentiments in Public Policy Preferences
NIMBYism (“Not-in-my-backyard”) goes side by side with LULU (“locally-unwanted-land-use”) attitudes among residents closest to “…municipal landfills, electricity generating facilities, solid waste transfer stations, airports, sewage plants, highways, maximum security prisons, drug halfway houses, housing projects, hospices for people with AIDS, garbage incinerators…” and other facilities that can raise health, safety and environmental concern among local communities (Greenberg 1993, p. 2).
Traditionally NIMBY/LULU literature focuses on proximity as the main explanatory variable for risk perception among local residents closest to hazardous sites (Hadden et al. 1983; O'Hare et al., 1983; Matheny and Williams 1985; Kraft and Clary 1991; Armour 1991; Greenberg 1993; Benford et al. 1993; Lui 1997; Williams et al. 1999; Schively 2007; Smith 2015; Davy 2016; Lester 2018). Previous research has found that proximity of the residents closest to the hazardous sites has resulted in higher risk perceptions posed by environmental hazards of the sites (Slovic et al. 1991; Jenkins-Smith and Kunreuther 2001; Sjoberg 2004; Schively 2007). Higher risk perceptions connected with environmental hazards of the sites in their turn result in local opposition towards those sites (Matheny and Williams 1985; Kraft and Clary 1991; MacGregor et al. 1994; Williams et al. 1999). However, a counter example is the case of the Waste Isolation Pilot Plant (WIPP) in southern New Mexico. Jenkins-Smith et al. (2011) found that the acceptance of WIPP was greater among those residents who were closet to the WIPP facility or who lived closest to the nuclear waste transportation route.
Proximity also explains higher risk perception among residents along nuclear waste transportation routes. Previous research has found that people who are along nuclear waste transportation route have high risk exposure perception (MacGregor et al. 1994; Falcone and Orosco 1998; Drew et al. 2003). In addition, residential property values along the nuclear waste transportation route are impacted because of risk perceptions (Gawande and Jenkins-Smith 2001). A group of scholars view this issue from the perspective of environmental equity. They argue that LULU cites are a result of "toxic or environmental racism" as they are disproportionately located in poor or minority communities (Greenberg 1993, p. 235). Other studies have found no support for this proposition and have concluded that poor and minority communities around LULU allocations are a result of post-citing neighborhood dynamics (Liu 1997; Wolsink 2007).


Chapter 3: Public Preferences in Spent Nuclear Fuel Siting: The Impact of Risk Perceptions, Trust and Knowledge
Abstract
The purpose of this chapter is to examine the evolution of public preferences regarding the disposition of spent nuclear fuel (hereafter SNF) over time. Using data from nationwide surveys of American public 2006 to 2019, descriptive time series analysis demonstrates key trends in public risk and benefit perceptions in relation to nuclear energy, trust in government for nuclear energy regulation and waste management, and knowledge about current SNF processing options. Further, by employing explanative time series analysis also known as cross correlation analysis, I test hypotheses to determine whether public risk and benefit perceptions, trust in government and knowledge about nuclear energy have caused changes in public preferences in SNF storage and disposal policy options over time. The results of times series cross correlation analyses show increased risk perceptions in nuclear waste transportation over time negatively affects public support for SNF deep geologic disposal five years later. I also find that increased benefit perceptions in reduced mining is likely to lead an above average support for SNF onsite storage policy option 1 year later. These findings imply that, within a representative political system like that of the U.S., changes in perceptions and awareness might also result in policy change in the long run.
Introduction
When will the debate about the spent nuclear fuel waste in USA be resolved? The answer to this question seems far-fetched as the plan for building permanent nuclear waste repository in USA has been subject to controversy and scrutiny for ages. The 1987 Amendment to the Nuclear Policy Act of 1982 has focused on selection and licensing of a facility at Yucca Mountain, Nevada, as a permanent repository for spent nuclear fuel nationwide (US GAO 2018). However, after $15 billion was spent for studying the SNF siting location and the Department of Energy had filed for licensing the site, the Obama administration halted the project (Eureka County Yucca Mountain Information Office 2018). President Trump’s budget request in 2017 for fiscal year 2018 included $120 million for Yucca mountain project revival. These funds were planned to be allocated for resuming Yucca mountain and interim storage site license review (US GAO 2018). However, the “blue wave” of opposition (Democratic) successes in the 2018 midterm elections once again halted the success of Yucca mountain project revival (Las Vegas Sun 2019). While it is necessary to wait and see what happens to Yucca mountain project debate both in the near and long term-future, I will demonstrate in this chapter that it is important to understand the trends and inclinations in public concerns and preferences for nuclear waste siting policy options in USA.
The central role of public opinion in democracy has been the subject of debate among political philosophers from ancient Greece to the present (Peters 1995). The most critical questions involved are: to what extent should the public participate in the civic life; what are the forms and means of participation; and is information provided by mass media an objective basis for public opinion formation? (Peters 1995). For nearly a century now, opinion polling has remained one of the primary instruments for informing public officials about the preferences of the public (Gallup 1939). Gallup (1939) argued that opinion polls enhance democratic processes as they present public attitudes to elected officials. Since that time, the essential nature of public opinion remains a controversial topic of discussion. Some critiques argue that elected officials pay too much attention to polls which, instead of making informed decisions, leads them to base their decisions on public opinion that fluctuates, is inconsistent and uninformed (Lippman 1922; Allport 1937).
Herron and Jenkins-Smith (2006) characterize the contradictory accounts of public opinion scholarship as falling into “traditionalist” and “revisionist” camps. “Traditionalists argue that the public lacks the requisite belief structures to consistently and reasonably connect broad integrating beliefs, such as political ideology, with specific beliefs and preferences about …”  policies (Herron and Jenkins-Smith 2006, p. 17). According to traditionalist scholars, the public is uninformed and lacks the ability to form sophisticated preferences on policy or political issues (Lippmann 1922; Campbell et al. 1960; Converse 1964; Zaller 1992). Campbell at al. (1960) claimed that the American public cast their ballots and present their preferences in accordance to their party lines inherited from their parents. They criticize how members of public form their opinions and expect them to be more rational or reasonable than they are (Campbell et al. 1960). The findings of Converse (1964) have the same underlying assumption that members of public are incapable of making sophisticated opinion. He compared members of public with elites and found that elites have a major role in belief formulation among the public (Converse 1964).
In addition, it has well been established that general political attitudes shape support or opposition to potentially risky technologies (Rothman and Lichter 1987, Slovic 1993). Paul Slovic (1993) claimed that society’s levels of risk perception and trust to government is reflected in its risk management mechanisms. Previous research has found that perceived risks, benefits, trust in government and knowledge about nuclear technology are strong predictors for public support for nuclear energy (Jenkins‐Smith and Kunreuther 2001; Kuklinski et al. 1982; Robinson et al. 2017; Slovic et al. 1991; Stoutenborough et al. 2013; Visschers et al. 2011). These psychometric and cognitive explanatory models also determine the level of public participation and control in representative democracy (Slovic 1993). In line with the previous research, this chapter examines public preferences for nuclear energy support in connection with individuals’ risk perceptions, trust in government and knowledge. However, this examination particularly centers on SNF siting policy options for over 13-year timeframe.
Research in social sciences faces the challenge of establishing causality of relationship between the variables of consideration. In this chapter I address that challenge by the methodological choice for the analysis. The cross correlation analysis of time series data establishes causality by registering the effect of change in an independent variable on the dependent variable (Box et al. 1994; Chatfield 2013). I investigate public preferences in the controversial policy debate on SNF siting policy options by analyzing public opinion survey data spanning from 2006 to 2019. While this study is utilizing measures at only 13 data points in time, it allows me to give insightful description of changes in public preferences for SNF siting policy options over time in parallel with a set of explanatory variables that I hypothesize will account for changes in policy preferences.
In line with previous research I inquire whether public support for SNF siting policy options is preconditioned by individuals’ perceptions of risks and benefits in connection with nuclear energy (Spence et al. 2010; Stoutenborough et al. 2013; Visschers et al. 2011). I expect to find low risk perceptions and higher benefit perceptions in association with nuclear energy result in increased support for deep geologic disposal of SNF over time. Evidence from research has also shown that the erosion of public trust in nuclear authorities is associated with public opposition towards nuclear energy policy support (Stoutenborough et al. 2013; Walker et al. 2010). Therefore, I expect to find higher levels of public trust in regulation and management of nuclear technology resulting in increased support for a deep geologic disposal of SNF. In addition, Stoutenborough et al. (2013) have found that people who are more knowledgeable about energy issues are more supportive of nuclear energy. Therefore, I propose that once become more knowledgeable about nuclear waste management and disposal options and the differences between deep geologic and on-site disposal, over time their knowledge will affect their likely to support for deep geologic disposal of SNF. These expectations are reflected in the hypotheses that are presented in the next section. Those hypotheses, specifically, will help me answer the following research questions: 
1. How does public perception in SNF siting preferences evolve over time in parallel with public risk perceptions, knowledge and trust in government in relation to nuclear waste management technologies?  
2. To what extent do changes in public risk perceptions, trust in government for nuclear waste management technologies and knowledge in SNF processing affect their SNF siting preferences over time? 
In the next section, I review the literature on public risk perceptions, trust in government and knowledge about nuclear energy to elaborate the theoretical expectations of the study. In the following section, I describe the data and variables to be used in the analysis. Next, I provide the results of the descriptive analysis, in which I first examine the evolution of public risk and benefit perceptions, trust in government and preferences in SNF siting over time. After that I employ explanative time series analysis, to assess whether changes over time in public risk and benefit perceptions, trust in government and knowledge about nuclear energy have caused changes in public preferences in SNF storage and disposal policy options over time. Overall, the findings provide evidence for the predictive power of psychometric variables in explaining changes in public preferences for SNF storage policy options over time.



Theoretical Expectations
The Impact of Risk Perceptions
Public support for nuclear energy has been traditionally explained by psychometric models that take into account risk and benefit perceptions for formulating policy preferences (Jenkins‐Smith and Kunreuther 2001; Slovic et al. 1991; Slovik 2010). Scholars have found that public risk perceptions affect their preferences in policy support (Spence et al. 2010; Stoutenborough et al. 2013). In particular, support for nuclear energy is explained by models of risk and benefit perception given the findings that nuclear risks are among the most dreaded by the public (Kristiansen et a. 2018; Slovic et al. 1991). 
Psychometrics studies of risk perceptions also consider the central role of psychological biases and heuristics in shaping individuals’ views and beliefs for policy preferences (Jenkins‐Smith and Kunreuther 2001; Slovic et al. 1991; Visschers et al. 2011). While identifying and rating risks scholars have found that nuclear risks are particularly salient and impactful when the exposure to radiation is seen as involuntary, and as imposed on the subject by other actors or the government (Slovic 1987; Visschers and Siegrist 2013). Studies have shown that high perceived risks lead to low perceived benefits (De Groot and Steg 2010; De Groot et al. 2013; Fischhoff et al. 1983; Slovic et al. 1984). Consequently, due to high perceived public health and environmental risks posed by the sites lead individuals to see the benefits of nuclear energy as low, making it very difficult to secure local support for nuclear waste disposal sites when the facility is seen as imposed upon the local community (Slovic et al. 1991; Jenkins-Smith and Kunreuther 2001; Sjoberg 2004; Schively 2007). Bassett, Jenkins‐Smith and Silva (1996) studied the attitudes of local residents about onsite storage of nuclear waste and found that public is concerned for adverse effects due to increased perceptions of risk and stigmatization of the region.  Almost all of the prior studies mentioned above are cross-sectional and static. The contribution of this study is the examination of risk perceptions and policy support over time that allows to look at causal relationships, rather than simple correlations. To assess whether public support for SNF siting policy options is preconditioned by individuals’ perceptions of risks and benefits in connection with nuclear energy, I have formulated the following expectation. 
H1.: In line with extant literature I expect to find low risk perceptions and higher benefit perceptions in association with nuclear energy will result in increased support for deep geologic disposal of SNF over time. 

The Impact of Trust
Public trust is found to be a predictor of specific political attitudes and perceptions particularly for such policy areas that have high complexity for an individual to comprehend (Earle & Cvetkovich 1995; Robinson et al. 2017). For instance, the opponents of nuclear energy mostly justify their resistance in issues connected with SNF management and disposal (Verbruggen 2008; Butler, Parkhill & Pidgeon 2011). In general, at the cornerstone of nuclear opposition are concerns about SNF safety, low trust in SNF disposal practices as well as issues of justice and ethics in relation to SNF disposal locations (Verbruggen 2008; Butler, Parkhill & Pidgeon 2011; Back 2013; Cotton 2015). Individuals with low trust in management and disposal of SNF are worried about the potential catastrophic consequences that nuclear energy production can cause and do not consider nuclear accidents as “black swan” events (Rani 2011; Shrader-Frechette 2007; 2011; Kraft 2013). For these and other reasons, the extant literature has consistently found evidence for direct influence of trust on energy policy support (Stoutenborough et al. 2013; Walker et al. 2010). In particular, the acceptance of nuclear energy is associated with higher trust in the management of nuclear technology.
H2.: Based on previous scholarly findings I expect to see higher levels of public trust in regulation and management of nuclear technology resulting in increased support for a deep geologic disposal of SNF.

The Impact of Knowledge
Knowledge and information have central roles for finding solutions to public policy issues (Baumgartner and Jones 1993). However, individual cognitive biases and heuristics impact information processing among boundedly rational individuals (Tversky and Kahneman 1974; Riker 1990; Kahneman 2003). Individuals are more likely to use imperfect or biased information in search for solutions to complex policy problems (Ostrom 2007). This is problematic for the sustainability of democracy because, when they are based on imperfect and biased information, public preferences are less likely to result in policies that serve the public interest (Lupia, McCubbins & Arthur 1998; Sabatier & Jenkins-Smith 1988). In this regard, scholars have inquired about the role of citizens in decision making processes especially for issues with high complexity (Kuklinski et al. 1982). It has well been established that for especially more complex, challenging or uncertain policy areas and issues public views vastly differ from that of the scientists (Hansen et al. 2003; Slovik 2010; Savadori et al. 2010). However, in such situations the views of policymakers are more likely to reflect that of the citizens than the scientific community (Stoutenborough et al. 2013).
Nevertheless, the question remains how public chooses one policy option over the other especially in the nuclear energy policy domain. Are informed or knowledgeable citizens more likely to choose one policy option over the other? When looking into individual decision making mechanisms of informed versus uninformed citizens Kuklinski et al. (1982) found that “knowledgeable” citizens rely on ideology as their decision calculus, whereas the “unknowledgeable” draw on their generalized attitudes toward technology. Cues provided by groups involved in the nuclear energy controversy are more effective for “unknowledgeable” than “knowledgeable” citizens (Kuklinski et al. 1982). This implies that if “unknowledgeable” people are more prone to trust anti-nuclear groups, then they will be less likely to support nuclear energy. In that regard, Stoutenborough et al. (2013) have found that people who are more knowledgeable about energy issues are more supportive of nuclear energy.
H3.: Drawing from previous literature I posit that individuals who become more knowledgeable about nuclear waste management and disposal over time will be more likely to support deep geologic disposal of SNF.
Data and Methods
The data used in the analysis were collected in annual series of nationwide Internet surveys on preferences of U.S. residents concerning the environment and energy sources. The surveys were conducted since 2006 by the National Institute of Risk and Resilience at the University of Oklahoma. The respondents were recruited by web-based samples. Respondent invitations and quotas were employed to assure that the demographic characteristics of the samples matched the characteristics of the adult U.S. population as estimated in the U.S. Census (for sampling details see Jenkins-Smith, Silva, Gupta 2016; 2017). The data used in the analysis was collected from 2006 to 2019 through annual series. These are discrete times series as the observations are taken at equally spaced specific time intervals with 13 data points available for the analysis (Chatfield and Xing 2019). With time series analysis a consideration to make is whether 13 data points can be methodologically convincing enough to state with confidence that the results of the analysis matter. The suggested minimum optimal data points for time series analysis varies from 36 to 60 (Box, Jenkins and Reinsel 1994; Makridakis et al. 1982). Scholars have competing viewpoints about this. Hyndman and Athanasopoulos (2018) argue that these minimum requirements are mostly for time series forecasting techniques, however he also states that it is possible to forecast for 1–2 years from 4–5 years of data. The reading of various approaches towards this make me understand that there is no uniformly agree on formula to determine the least sample size for time series (Box, Jenkins and Reinsel 1994; Makridakis et al. 1982; Hyndman and Athanasopoulos 2018). For the most part it is the responsibility of the researcher to subjectively assess whether the data that they have fits the modeling approach in their scientific inquiry (Chatfield and Xing 2019).
In that regard the review of an important body of literature in Political Sience demonstrates that there are many important studies that have provided valuable contribution to our theoretical understanding of political phenomena with fewer than 30 data points (Palm et al. 2017; Jenkins-Smith et al. 2020; Robinson et al. 2014; Flink 2019). For the purposes of the analysis 13 data periods might be sufficient to demonstrate whether the change in the independent variable has resulted in a change of the dependent variables several years later. However, it is necessary to state that we would be able to have more confidence in the analysis with at least 30 data periods. These limitations will be considered when evaluating the results of the analyses.
This inquiry begins by describing the trends in public views on three foundational components of the conceptual framework of this study: (a) How does the U.S. public assess the risks and benefits of nuclear energy over time? (b) How is the U.S. public trust in regulation and management of nuclear technology evolving over time? (c) How has knowledge about nuclear waste management and disposal changed over time among American public?
The second section of the inquiry is built on explanative times series analysis to examine whether evolving public risk perceptions, trust in government and knowledge in nuclear waste management technologies have affected public perceptions in SNF siting policy options over time. Explanative times series analysis, also known as cross correlation analysis, is used to determine the relationship between the series given the number of lags or lapses of time periods between them (Chatfield 2013). The choice of this method is determined by the research question the study aims to answer. As mentioned above, the central question of the study is how and to what extent changes in public risk perceptions, trust in government and knowledge about nuclear energy affect their SNF siting policy preferences over time. This question has resulted in the choice of the methodological approach because explanative times series analysis has the potential of estimating the relationship between two or more series to detect whether changes in one series have resulted in changes in the other (Box et al. 1994; Chatfield 2013).

Findings and Discussion
Part I: Evolution of Public Perceptions in Risk, Trust and Knowledge on Nuclear Energy
To answer the first question of this inquiry I track the evolution of public perception in SNF siting preferences over time in parallel with public risk perceptions, knowledge and trust in government in relation to nuclear waste management technologies. First, I explore nuclear energy risk and benefit perceptions as the central explanatory variables for public support in nuclear energy.
In line with the theoretical underpinning stated above, over 13-year timeframe respondents in the U.S. have been asked annually to assess the risks associated with nuclear energy production on a continuous scale from 0 (no risk) to 10 (extreme risk). They have been asked to evaluate their risk perceptions in connection with nuclear energy by the likelihood of the potential risks occurring because of an operational accident at a nuclear power plant, or nuclear waste transportation or storage accident, a terrorist attack at a nuclear power plant, or a diversion of nuclear fuel to nuclear weapons.[footnoteRef:4] As we can see from figure 1 the mean risk perceptions among U.S. public have historically been above midpoint with increasing trends for all measures of risk perceptions. As we can see from figure 3-1, the risk of terrorist attack is perceived to be the most threatening, followed by the risk of an operational accident in nuclear power plant. [4:  I detail the measurement of all the key independent and dependent variables in 3-A1 as an appendix to this chapter.] 

Figure 3-1. Nuclear Energy Mean Risk Perceptions from 2006-2019
[image: ]
Note: The figure depicts Nuclear Energy Mean Risk Perceptions. X-axis represents the years and Y-axis represents the mean values for risk perceptions. Data are interpolated through missing values.

Respondents were also asked to rate the benefits of nuclear energy use and production in the U.S., using a continuous scale from 0 (not at all beneficial) to 10 (extremely beneficial). They were asked to evaluate whether nuclear energy production helps to reduce environmental threats, provides reliable power, ensures U.S. energy independence, and reduces mining/extraction. Figure 3-2 displays trends in mean responses for each of the four benefits. As we can see U.S. public has historically assessed energy independence to be the most beneficial aspect of nuclear energy production, followed by the provision of reliable power. However, we do see a spike for the assessment of reduced mining/extraction in 2016. The overall declining trend over time statistically is not significant.
Figure 3-2. Nuclear Energy Mean Benefit Perceptions from 2006-2019
[image: ]Note: The figure depicts the trends in Nuclear Energy Mean Benefit Perceptions. X-axis represents the years and Y-axis represents the mean values for benefit perceptions. Data are interpolated through missing values.

Another important component of the psychometric basis of support for nuclear energy among public is their perceptions of trust for regulation and management of nuclear technology. From 2010-2019 our respondents have been asked to assess their level of trust towards experts on a continuous scale from 0 (no trust) to 10 (complete trust) in federal and state regulators, in the national laboratories and in the Department of Defense. Figure 3-3 shows that overall the mean assessment of trust among public has increasing trends. However, the change over time is not statistically significant. Public perceives the highest level of trust towards experts from national laboratories followed by federal regulators and Department of defense. While trust towards state regulators is at the lowest level compared to other three organizations, nonetheless, it has the least aggregate change over time.
Figure 3-3. Mean Public Trust towards Experts for Regulation and Management of Nuclear Technology
[image: ]
Note: The Evolution of Public Perceptions of Trust in Experts for Nuclear Energy Management and Regulation from 2012-2019. X-axis represents the years and Y-axis represents the mean values for trust perceptions. Data are interpolated through missing values.

Knowledge as another explanatory factor is hypothesized to impact public support for SNF management and storage policy options. To measure knowledge about SNF policy options respondents were given four mutually exclusive options and were asked to choose the option that applies best to what is currently being done to SNF produced in the U.S. to the best of their knowledge. Figure 3-4 shows the percentage of respondents choosing one of the given four policy options about SNF processing and storage. As we can observe from the graph the percentage of people who think SNF is shipped to regional facilities has been at 30% in 2006 and have gradually decreased over time to 20%. In 2006 almost 36% of respondents thought that SNF is being shipped to the state of Nevada for deep geologic depository. However this number has decreased to 25% in 2019. Inversely, the number of respondents who correctly believe that SNF is stored onsite at nuclear facilities around the U.S. has been 22% in 2006. This number has spiked to 41% in 2011 and has gradually decreased to 38% in 2019. Overall, the fraction of people who correctly believe that SNF is stored onsite has increased in 2011 and has stayed stable compared to the segment of people who believe in other three options.
Figure 3-4. Knowledge about SNF Management and Storage Policy Options
[image: ]
Note: changes in Percent of Respondents Choosing One of the Given Four Policy Options about SNF disposal options. X-axis represents the years and Y-axis represents the percentage of respondents choosing given disposal option. Data are interpolated through missing values.

The dependent variable of the study is support for SNF policy options. Respondents were asked to rate their level of support for SNF storage policy options on a scale from 1 (strongly oppose) to 7 (strongly support). They were asked to evaluate whether they prefer SNF to be stored in interim, onsite or deep underground facilities.[footnoteRef:5] As we can see from figure 3-5 respondents support for onsite storage has been above midpoint in 2006 with observable increasing trend over the course of the series till 2019. Despite missing data periods, in line with public preference for onsite support we observe that respondents’ support for interim storage has been above mid-point with decreasing trend over the course of the series. Public support for deep geologic storage option has historically been above midpoint and has stayed in that range till 2019.[footnoteRef:6] [5:  As it can be seen from figure 3-5 data for SNF interim storage option is collected since 2013 onwards. That is not an issue for the analysis, since the principal dependent variable of interest is respondents’ preference between SNF deep geologic versus onsite storage options.]  [6:  For some time periods no data has been collected for this category. For such situations the recommended course of action is data interpolation at the average values of the series (Box et al. 1994; Chatfield 2013). This is not an ideal course of action, yet it is considered satisfactory for modeling reasons (Chatfield 2013). ] 

Figure 3-5. Mean Preferences in SNF Storage Policy Options
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Note: Mean Score for SNF Storage Preferences Among American Public from 2006-2019. X-axis represents the years and Y-axis represents mean support for SNF storage policy options. Data are interpolated through missing values.





Part II: Testing the Impact of Risk Perceptions, Trust and Knowledge on SNF Siting Preferences 
To address the second question of the inquiry I analyze how changes in public risk and benefit perceptions, and trust in government in relation to nuclear waste management technologies affect their SNF siting preferences over time. For this objective I first test the proposition whether low risk perceptions and higher benefit perceptions in association with nuclear energy will result in increased support for deep geologic disposal of SNF by employing explanative time series analysis. This method allows to test whether changes in risk and benefit perception series have resulted in changes in public preferences for SNF policy options given the number of lags (time shifts). 
Running cross correlations helps determine a sample set of correlations between x[t+k] and y[t] series. This function is particularly helpful for identifying the lags of the x variable that might be useful predictors of y[t] and at which the correlation between two time series is the strongest. Thus, the lag k value estimates the correlation between x[t+k] and y[t] (Box et al. 1994; Chatfield 2013). In time series cross correlation analysis it is very important to focus on the temporal structure of the data. As mentioned earlier, a special feature of the cross correlation analysis is the opportunity to identify the dependencies between the series. However, the key to this identification of the dependencies in the temporal order of the successive observations. When successive observations are dependent, future values may be predicted from past. Substantively, this means that in those instances when a positive correlation is identified between the series, this cannot be interpreted as being driven by the past values of the independent variable. The results of the analysis below are presented in accordance with these considerations.
However, before running cross correlations it is necessary to ensure that data meet the basic assumptions of seasonality and trend stationarity (Box et al. 1994). Following the methodological recommendations in the literature I have tested this assumption for all the variables in the study by Augmented Dickey Fuller (hereafter ADCF) Test (Box et al. 1994; Chatfield 2013). 

Figure 3-6: Line Charts of Differenced Independent and Dependent Variables
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In instances when the test showed that the series in my analysis were non-stationery, I have followed the recommended course of action – differencing - after which I have run the ADCF Test again to make sure that the series meet the assumptions of the explanatory time series analysis (Box et al. 1994; Chatfield 2013). Thus, the series predominantly were non-stationary and differencing was employed for all variables except for the one measuring public preferences for SNF deep geologic disposal[footnoteRef:7]. Figure 3-6 above presents the line charts of both independent and dependent differenced variables. After performing differencing techniques I ran thirty pairs of correlations to test the propositions set forth in the study. In what follows, I present the results of the estimated correlations between the pairs of series for each sets of the independent variables of the study – risk perceptions, benefit perceptions, trust and knowledge. While the autocorrelations table between the series is very helpful for detecting the exact correlation coefficient between the series at a given lag, it is the dependencies graphs that visually reveal the significantly strong correlations between the series. For the given series, dependencies were tested at lag five, meaning five years proceeding (contemporaneous lead ) and five years succeeding zero (contemporaneous lag). To state this in simpler terms, this method tests the strongest correlations between two series at time shift 0 to begin with when r = 1 as at time shift 0 we are comparing the same values with each other. These correlations are further tested by time shifts -/+1, -/+2, -/+3, -/+ 4, -/+5 to compare them with each other. From the values for each time shifts we then observe the strength of the correlation between the independent and dependent series. A negative value for k represents a correlation between the x series at a time before t (for differenced series the interpretation needs to focus on the current year where the strongest correlation is significant) and the y series at the given time period t. When t is smaller than 0 ( a negative number), then we can interpret that x independent series lead to y dependent series. When t is bigger than zero (a positive number), it means that x series follow y. While statistically this may occur, substantively it does not make any sense due to the importance of the temporal order between the series as in our analysis as we are testing to see whether changes in our independent series lead changes in the dependent ones. [7:  Table 3-B1 as an appendix to this chapter presents the results of ADCF Tests for all the variables before and after differencing when appropriate.] 

 Therefore, I present the results of the significantly strong correlations through dependencies graphs (figures 3-7 to 3-17) and include a table demonstrating all the hypotheses of the study with their correlation coefficients at each lag in the appendices. The dependencies graphs of autocorrelations represent the set of correlations between the two series in the form of the vertical line segments. The x-axis represents the lagging indicator, while the y-axis represents cross correlations between the two series which can be either negative (below the black horizontal line at zero value on y-axis) or positive (above the black horizontal line at zero value on y-axis). The height of the vertical line segments shows the strength of correlations. The most dominant correlations are the highest vertical lines that get closer to the blue dotted horizontal lines or cross them. These correlations are also an indicator of the lags at which series x causes changes in series y. In simpler terms, correlations that fall within the band marked by the dotted blue lines are deemed not to be significantly different from zero. As a result, any values outside of the band marked by the dotted blue lines is significant. 
The first expectation of this analysis was to ascertain whether low risk perceptions and higher benefit perceptions of nuclear energy are associated with increased support for deep geologic disposal of SNF over time. In line with this expectation cross correlations between nuclear waste transportation risks and SNF deep geologic storage option granted strong negative association revealed in figure 3-7. I found no evidence of correlation over time between the pairs of series measuring nuclear waste transportation risks and SNF on-site and interim storage policy options.[footnoteRef:8] [8:  Table 3-C1 presented as an appendix to this chapter shows the correlation coefficients between the risk and SNF policy preference series by lag.] 

Figure 3-7. Risks of Nuclear Waste Transportation/Storage and SNF Deep Geologic Storage.
[image: ]
Note: the figure provides visual depiction of the cross correlation dependencies between the mean risk perception series of nuclear waste transportation/storage accident and public support for SNF deep geologic storage. The strongest negative correlation (r = -0.69) occurs at lag -5.

Figure 3-7 demonstrates a negative correlation between the risk of nuclear waste transportation and storage accident and public support in SNF deep geologic depository at lag -5. Substantively this means that for the given year of the value of support for SNF deep geologic policy option, an above average value of risk perceptions is likely to lead to a below average value of support for SNF deep geologic policy option five years later. This finding is in line with the theoretical expectations about the impact of risk perceptions on nuclear energy policy preferences set forth in hypothesis #1.
In line with the same theoretical expectations tests of cross correlations presented in figures 3-8 and 3-9 subsequently yielded positive significant relationships between public benefit perceptions of reduced mining/extraction and support in SNF onsite policy preferences at lag -1 and interim storage preferences at lag +1. 
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In particular, the findings presented in table 3-8 reveal that for the given year of the value of support for SNF onsite storage, an above average benefit perception in reduced mining is likely to lead an above average support for SNF onsite storage policy option 1 year later. Although the findings for the SNF interim storage presented in figure 3-9 are similar, they are significant for lag +1, which does not make substantive contribution in our analysis. I found no evidence of correlation over time between the pairs of series measuring nuclear energy benefit of reliable power and SNF on-site, interim and deep geologic storage policy options; the benefit of energy independence and SNF on-site, interim and deep geologic storage policy options; and the benefit of reduced mining and SNF and deep geologic storage policy options.[footnoteRef:9] [9:  Table 3-C1 presented as an appendix to this chapter shows the correlation coefficients between the benefits of nuclear energy and SNF policy preference series by lag.] 

The second proposition of the analysis was to assess whether increased public trust in regulation and management of nuclear technology over time may result in increased support for deep geologic disposal of SNF. In line with this proposition the results of the cross correlation analysis presented in figures 3-10 and 3-11 showed positive and significant relationships between public trust in the experts of the Department of Energy and the National Laboratories and support for SNF deep geologic storage at lags +1, +2, and +3.
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Despite their statistical significance, these outcomes do not make any substantive revelation in our analysis having in mind the discussion of the temporal structure of the data and its necessity for being deterministic. I also found no evidence of correlation over time between the pairs of series measuring public trust in the experts of Department of Energy and the National laboratories and support for SNF on-site, and interim storage policy options.[footnoteRef:10] [10:  Table 3-C2 presented as an appendix to this chapter shows the correlation coefficients between public trust in experts from various agencies and SNF policy preference series by lag.] 

Next, I present cross correlation tests for public preferences in SNF onsite and interim storage policy options predicted by public trust in federal regulatory agencies. As figures 3-12 and 3-13 show, higher trust in the Environmental Protection Agency results in increased support for SNF onsite policy option at lag +1 and in less support for SNF interim storage option at lag 0. 
[image: ]
Despite being statistically significant, these results do not matter substantively because of the issue of time order and causality. In other words, if the change in the outcome variable has not happened after the change in the independent variable it means that practically the independent variable has not affected our dependent variable even if statistically the correlations between them are significant. I found no evidence of correlation over time between the pairs of series measuring public trust in the experts of Environmental Protection Agency and the Nuclear Regulatory Commission and support for SNF deep geologic storage policy option (table 3-C2 in the appendix).
Likewise, figures 3-14 and 3-15 reveal that higher public trust in Nuclear Regulatory Commission yields increased support for SNF onsite policy option at lag +1 and in less support for SNF interim storage option at lag 0.
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Similar to the results for public trust in the EPA, despite having statistical significance these results do not have practical value due to the temporal mismatch between cause and effect. In addition, no evidence of correlation over time was found between the pairs of series measuring public trust in State Regulators and support for SNF onsite, interim and deep geologic storage policy options (table 3-C2 in the appendix).
The third expectation of the analysis claimed that the surge in knowledge about nuclear waste management and disposal will increase public support in deep geologic disposal of SNF over time. I want to remind that the knowledge measure is a percent count of individuals who have correctly indicated how SNF is currently treated in the U.S. Since by definition, the third hypothesis of the study limits my interest in the fraction of respondents who have correctly answered this question, I have recoded the variable such that I separate the fraction of respondents who have given a correct answer to this question.[footnoteRef:11] [11:  I did not operationalize this variable as a dummy variable since that strategy would not allow me to account for year to year variation in the fraction of respondents who had chosen the correct option from the given four options.] 

[image: ]
Figure 3-16 and 3-17 reveal a positive correlation between the percent of individuals who have correctly indicated the actual processing method of SNF and their support of SNF interim storage at lag -1 and at lag 0 and a negative correlation of SNF on-site storage at lag -2, -1, and 0. This results substantively denote that the increase in the percent of individuals who correctly know SNF actual disposal options for the given year results in an above average support for the interim storage option 1 year later. Likewise, an increase in the percent of individuals who correctly know SNF actual disposal options for the given year results in an above average support for the on-site storage option 1 year and 2 years later.
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Figure 3-18 shows a negative correlation between the percent of individuals who have correctly indicated the actual processing method of SNF and support of SNF deep geologic storage at lag 2 and 3. These results are substantively not in line with the logic of the temporal order between cause and effect. In line with this figure, table 3-C3 in the appendix shows the correlation coefficient of these variables at each lag. Contrary to what was expected, the analysis showed that despite increased number in the fraction of people with correct knowledge about current SNF processing practices over time support in deep geologic and onsite storage is decreased, support for interim storage option is increased. This can be explained by the fact that due to the structure of the knowledge measure, modelling the impact of knowledge on SNF preferences did not make compelling substantive sense to begin with.

Implications and Conclusion
The study focused on the evolution of public preferences in SNF disposal policy options from 2006-2019. Through descriptive time series analysis I first examined how public perception in SNF siting preferences evolved over time in parallel with public risk perceptions, trust in government and knowledge in nuclear waste management technologies. Further, by employing explanative time series analysis I assessed whether changes in public risk and benefit perceptions, trust in government and knowledge in nuclear waste management technologies have affected public preferences in SNF disposal policy over time. The evolution of public nuclear energy risk perceptions over time showed increasing trends and, in line with that, benefit perceptions were characterized by decreasing trends. These descriptive results were also confirmed inferentially.
The results of times series cross correlation analyses granted that increased risk perceptions in nuclear waste transportation over time negatively affects public support for SNF deep geologic disposal five years later. In line with the theoretical expectations about the impact of benefit perceptions on nuclear energy policy preferences, tests of cross correlations generated positive significant relationships between public benefit perceptions of reduced mining/extraction and support in SNF onsite as well as interim storage preferences 1 year later. While these findings demonstrate that over time individuals are more supportive of nuclear energy production, they still prefer to avert accepting deep geologic disposal as a viable policy option for solving the issue with SNF.
The descriptive analysis of public trust in experts for management and regulation of nuclear technologies have increased over time. The inferential test of my proposition even showed that increased trust in government and in national labs over time induces public support for deep geologic disposal of SNF. While this finding shows statistical significance it does not have both practical and theoretical implications because the temporal structure of time series data assumes that cause needs to proceed the effect. In those instances where relationships matter at positive lags, these finding do not carry any substantive value. 
Likewise, the proposition about the impact of knowledge on SNF policy did not find support, I did examine changes in increased percentages of respondents being correctly aware about the current SNF disposal options. This finding as well adds value to the above theoretical point as it shows awareness increase over the years. It is worthless to mention that awareness change has a potential for policy change as well.
The overall theoretical implications of this study relates to policy change. In line with the discussion of issue attention cycle, this finding implies that changes in perceptions eventually might also result in policy change in the long run. 
It is important to acknowledge that the results of the analysis would be elevated first with additional data points. Only thirteen data points were available for this analysis. While scholars have different recommendations about the amount of the minimum recommended data points in time series analysis, most prominent work in political science seem to have at least twenty data points. Non-stationarity was another limitation of this study that was addressed by differencing. While this is a commonly accepted technique to achieve stationarity in data, this consideration needs to be reflected in interpreting the results of cross correlation analysis. 
The cross correlations analysis that I conducted in this chapter gave me an opportunity to test the effect of one independent series on the dependent series. However, each time I have looked at single pairs of series. In a follow up study I will test these hypotheses by utilizing  a Vector autoregressive (VAR) model that will help me predict multiple time series variables using a single model. Having multiple series in one model will enhance the explanatory power of the model in predicting the effect of the independent series on the dependent one.


Table 3- A1. Measurement of Key Variables

	Variable
	Question Wording
	Measurement

	Nuclear Energy Risk Perceptions
	We want to know about your beliefs concerning some of the possible risks associated with nuclear energy use in the U.S. Please consider both the likelihood of a nuclear event occurring and its potential consequences when evaluating the risk posed by each of the following on a scale from zero to ten, where zero means no risk and ten means extreme risk.
· An event at a U.S. nuclear power plant within the next 20 years that results in the release of large amounts of radiation.
· An event during the transportation and temporary storage of spent nuclear fuel from nuclear power plants in the U.S. within the next 20 years that results in the release of large amounts of radiation.
· A terrorist attack at a U.S. nuclear power plant within the next 20 years that results in the release of large amounts of radiation.
· The diversion of nuclear fuel from a nuclear power plant in the U.S. within the next 20 years for the purpose of building a nuclear weapon.
	 10 – Extreme Risk 
 – 
 – 
 – 
 –
 – 
 – 
 –
 –  
 – 
0 – No Risk

	Nuclear Energy Benefit Perceptions
	We want to know about your beliefs concerning some of the possible benefits associated with nuclear energy use in the U.S. Please evaluate each of these possible benefits of nuclear energy use on a scale from zero to ten, where zero means not at all beneficial and ten means extremely beneficial.
· Reducing environmental threats because the generation of nuclear energy produces much less of the greenhouse gases that are believed to cause climate change.
· Reliable power because nuclear energy generates large amounts of electricity and is not affected by weather conditions, such as low rainfall or no wind.
· Greater U.S. energy independence because nuclear energy production does not require oil or gas from foreign sources.
· Reduced environmental damage because of less need for mining coal or extracting oil and gas.
	10 – Extremely Beneficial 
 – 
 – 
 – 
 –
 – 
 – 
 –
 –  
 – 
0 – Not At All Beneficial

	Perceptions in Trust for Regulation and Management of Nuclear Technology 
	Issues concerning nuclear energy and nuclear waste are often technically complex. Please indicate the level of trust you have in experts on nuclear issues who represent the following organizations, using a scale from zero to ten, where zero means no trust and ten means complete trust.
· The U.S. Nuclear Regulatory Commission.
· The U.S. Environmental Protection Agency.
· U.S. national laboratories for energy and security.
· The National Academy of Sciences.
· The U.S. Department of Energy.
· State regulatory agencies.
	10 – Complete Trust 
 – 
 – 
 – 
 –
 – 
 – 
 –
 –  
 – 
0 – No Trust

	Knowledge about SNF
	As nuclear fuel is used to generate electricity, it becomes contaminated with radioactive byproducts. When it can no longer efficiently produce electricity, it is called “spent” nuclear fuel. To the best of your knowledge, what is being done currently with most of the spent nuclear fuel produced in the U.S.?
· Stored in cooling pools or special containers at nuclear power plants throughout the U.S.
· Shipped to Nevada and stored in a facility deep underground.
· Chemically reprocessed and reused.
· Shipped to regional storage sites.
	Percent of total respondents selecting one of the four mutually exclusive categories.

	Support in SNF Policy Options
	· Using a scale from one to seven, where one means strongly oppose and seven means strongly support, how do you feel about continuing the current practice of storing spent nuclear fuel at or near nuclear power plants for the next years?
· Using a scale from one to seven, where one means strongly oppose and seven means strongly support, how do you feel about siting and constructing one or more interim storage facilities for consolidating spent nuclear fuel in the U.S.?
· Using the scale from one to seven, where one means strongly oppose and seven means strongly support, how do you feel about the option of constructing a storage facility deep underground where spent nuclear fuel from all over the U.S. would be stored?
	7 – Strongly Support
 – 
 – 
 – 
 –
 – 
1 – Strongly Oppose 







Table 3-B1. Augmented Dickey Fuller (ADCF) Test Results

	Variables
	P-Value before Differencing
	P-Value after Differencing

	Risk of Transportation & Storage Accident
	0.78
	0.01

	Benefit of Reliable Power 2
	0.41
	0.01

	Benefit of Energy Independence 3
	0.35
	0.02

	Benefit of Reduced Mining/Extraction 4
	0.51
	0.01

	Trust in Federal Regulators - NRC
	0.96
	0.04

	Trust in Federal Regulators - EPA
	0.98
	0.01

	Trust in National Labs
	0.97
	0.02

	Trust in Department of Energy
	0.80
	0.01

	Trust in State Regulators
	0.87
	0.01

	Knowledge about Current SNF Storage
	0.46
	0.01

	Support for Onsite Storage
	0.86
	0.01

	Support for Interim Storage
	0.55
	0.03

	Support for Deep Geologic Storage
	0.04
	NA


Note: series are considered non-stationary if the p-value for the ADCF test is more than 0.05. In those instances series were differenced to reduce seasonal volatility. After differencing (when necessary) stationarity was checked again by running the ADCF test for a second time.

Table 3-C1: Correlations by lag between Series of Risk and Benefit Perceptions and SNF Preferences 
	Lags
	-5
	-4
	-3
	-2
	-1
	0
	1
	2
	3
	4
	5

	Nuclear Waste Transportation Risk & Onsite Storage
	-0.24
	-0.02
	-0.19
	0.17
	0.21
	0.39
	-0.13
	-0.45
	0.20
	-0.21
	0.06

	Nuclear Waste Transportation Risk & Interim Storage
	0.29
	0.28
	-0.38
	-0.58
	0.04
	0.25
	0.10
	0.18
	0.01
	-0.07
	-0.05

	Nuclear Waste Transportation Risk & Deep Geologic Storage
	-0.69*
	-0.24
	0.44
	-0.34
	0.21
	0.06
	0.02
	0.02
	-0.02
	0.00
	-0.02

	Nuclear Energy Benefit of Reliable Power & Onsite Storage
	-0.20
	-0.089
	-0.27
	-0.06
	0.07
	0.45
	0.25
	0.19
	0.30
	-0.31
	-0.38

	Nuclear Energy Benefit of Reliable Power & Interim Storage
	0.24
	0.23
	-0.05
	-0.06
	-0.01
	-0.53
	-0.46
	0.24
	0.36
	0.11
	-0.00

	Nuclear Energy Benefit of Reliable Power & Deep Geologic Storage
	-0.51
	0.22
	0.13
	-0.70
	-0.08
	0.18
	-0.00
	0.06
	0.03
	0.05
	0.06

	Benefit of Energy Independence & Onsite Storage
	-0.07
	0.23
	-0.00
	0.09
	-0.12
	0.01
	-0.14
	-0.02
	0.07
	-0.37
	-0.17

	Benefit of Energy Independence & Interim Storage
	0.05
	-0.21
	-0.20
	0.28
	0.23
	-0.39
	-0.07
	0.55
	0.22
	-0.24
	-0.17

	Benefit of Energy Independence & Deep Geologic Storage
	-0.39
	0.47
	0.14
	-0.64
	0.34
	0.44
	-0.20
	-0.01
	-0.04
	-0.02
	0.01

	Benefit of Reduced Mining & Onsite Storage
	-0.11
	-0.44
	0.18
	0.21
	0.73*
	0.23
	0.08
	-0.40
	-0.45
	-0.35
	-0.12

	Benefit of Reduced Mining & Interim Storage
	0.03
	-0.02
	-0.30
	-0.48
	-0.19
	0.42
	0.88*
	0.61
	-0.12
	-0.51
	-0.26

	Benefit of Reduced Mining & Deep Geologic Storage
	-0.07
	-0.07
	0.02
	0.22
	-0.14
	-0.18
	0.02
	0.35
	0.40
	0.11
	-0.21


Note: The *denotes a significantly strong correlation at a given lag period.


Table 3-C2: Correlations by lag between Series of Trust Perceptions and SNF Preferences
	Lags
	-5
	-4
	-3
	-2
	-1
	0
	1
	2
	3
	4
	5

	Trust in DOE & Onsite Storage
	0.06
	-0.03
	-0.11
	-0.34
	-0.17
	-0.24
	0.55
	0.28
	0.64
	-0.15
	0.06

	Trust in DOE & Interim Storage
	0.00
	0.19
	0.37
	0.28
	-0.17
	-0.37
	-0.65
	-0.49
	-0.02
	0.50
	0.28

	Trust in DOE & Deep Geologic Storage
	0.11
	-0.33
	-0.25
	-0.25
	-0.14
	0.72*
	-0.14
	-0.19
	-0.20
	0.21
	0.20

	Trust in the National Labs & Onsite Storage
	-0.30
	-0.24
	-0.01
	0.26
	0.45
	0.26
	0.25
	0.20
	0.15
	-0.23
	-0.24

	Trust in the National Labs & Interim Storage
	-0.16
	-0.34
	0.14
	0.71
	0.10
	-0.67
	-0.22
	0.44
	0.25
	-0.13
	-0.12

	Trust in the National Labs & Deep Geologic Storage
	-0.06
	-0.03
	-0.09
	-0.09
	-0.01
	-0.23
	-0.03
	0.61*
	0.65*
	0.10
	-0.15

	Trust in the EPA & Onsite Storage
	-0.23
	-0.29
	-0.27
	-0.02
	0.29
	0.40
	0.69*
	0.37
	0.26
	-0.25
	-0.16

	Trust in the EPA & Interim Storage
	0.03
	0.22
	0.49
	0.18
	-0.66
	-0.77*
	-0.15
	0.23
	0.12
	0.20
	0.09

	Trust in the EPA & Deep Geologic Storage
	0.17
	0.18
	-0.17
	-0.19
	0.13
	-0.47
	-0.30
	-0.09
	-0.25
	-0.31
	0.23

	Trust in the NRC & Onsite Storage
	-0.25
	-0.32
	-0.29
	-0.07
	0.27
	0.42
	0.76*
	0.45
	0.35
	-0.21
	-0.21

	Trust in the NRC & Interim Storage
	0.06
	0.31
	0.52
	0.14
	-0.66
	-0.81*
	-0.32
	0.13
	0.21
	0.29
	0.13

	Trust in the NRC & Deep Geologic Storage
	0.19
	0.15
	-0.11
	-0.18
	0.06
	-0.46
	-0.30
	-0.15
	-0.31
	-0.28
	0.15

	Trust in the State Regulators & Onsite Storage
	0.27
	0.08
	0.12
	-0.41
	-0.05
	-0.56
	0.25
	-0.14
	0.60
	-0.21
	0.04

	Trust in the State Regulators & Interim Storage
	-0.06
	0.14
	0.36
	0.30
	-0.18
	-0.30
	-0.52
	-0.48
	-0.05
	0.49
	0.29

	Trust in the State Regulators & Deep Geologic Storage
	0.41
	0.01
	-0.02
	-0.26
	-0.05
	-0.76
	0.35
	0.07
	0.09
	0.08
	0.08


Note: The *denotes a significantly strong correlation at a given lag period.



Table 3-C3. Correlations by lag between Series of Fraction of Correct Knowledge Response and SNF Preferences

	Lag
	-5
	-4
	-3
	-2
	-1
	0
	1
	2
	3
	4
	5

	Current Knowledge & Deep Geologic Storage
	0.19
	0.09
	0.04
	-0.01
	0.11
	0.29
	-0.19
	-0.62
	-0.65
	-0.17
	0.31

	Current Knowledge & Onsite Storage
	0.49
	0.26
	0.04
	-0.59
	-0.59
	-0.59
	-0.11
	-0.05
	0.11
	0.09
	0.18

	Current Knowledge & Interim Storage
	-0.29
	-0.20
	0.42
	0.74
	-0.11
	-0.60
	-0.40
	0.06
	0.19
	0.10
	0.02






Chapter 4. Can Local Policy Concerns of NYMBYism Reshape Partisan and Ideological Landscape in the State of Nevada?

Abstract
The purpose of this chapter is to investigate whether uniquely shaped local policy issues associated with NIMBYism shape partisan and ideological dispositions among local public. By utilizing voting behavior and election turnout data for presidential general elections from 1970s to 2016 for 17 counties in Nevada I estimate the effect of the Nuclear Waste Policy Act of 1982 and as amended in 1987 on reshaping the local political landscape in a difference-in-differences design. My main finding is that the enactment of NWPA is associated with 7 percentage point increase in the propensity of residents of the counties most affected by the NWPA to vote Republican (and a comparable decrease in Democratic vote). While the findings imply that locally shaped policy dispositions in the long run feedback into politics and reshape local ideological and partisan landscape, the discovered shift is in the opposite direction supporting partisan identification rather than issue identification hypothesis.

Introduction
Public policy scholars have traditionally been concerned about the role of individual values, attitudes and beliefs in shaping policy preferences among mass public (Allport 1937, Converse 1964; Conover and Feldman 1984a; Zaller 1992; Herron and Jenkins-Smith 2006; Swedlow and Wyckoff 2009; Page & Shapiro 2010; Ripberger et al 2014). Such demographic characteristics as age, gender, income and education influence public policy perceptions on a broad set of political issues (Downs 1957; Campbell et al. 1960; Finucane et al. 2000, Handmer and Proudley 2007). The literature on political polarization claims that American public opinion merely been polarized on such policy issues as government spending, assistance to the poor, gay adoption, abortion rights, and other sensitive policy issues (Abramowitz and Saunders 2008; DiMaggio and Bryson 1996; McCarty, Poole, and Rosenthal 2006; Fiorina, Abrams, and Pope 2005). Political ideology and partisanship have provided complementary explanations in explaining individual differences in policy preferences and beliefs (Allport 1937; Downs 1957; Converse 1964; Conover and Feldman 1984a; 1984b; Baldassarri and Gelman 2008; Zaller 1992).
These explanations have been particularly important for describing individual differences in nuclear energy policy preferences (Back 2013; Bickerstaff et al 2008; Butler and Pidgeon 2011). Nuclear policy was not a partisan polarizing issue in the early days. However, the situation changed after the Three Mile Island accident in 1979. As a result environmental groups shifted positions to oppose it or to become aligned with the Democratic party that also contested nuclear energy. Thus, over time this policy area as well became one the polarizing policy issues on which political parties and politicians are more likely to take extreme ideological positions (Clemmer et al 2018; Cotton 2015; Darst and Dawson 2010, Kraft 2013). In line with this, previous research has established that individuals with Republican party affiliation are more supportive of nuclear energy use than those with Democratic party affiliation (Rothman and Lichter 1987; Conover and Feldman 1981). Likewise, individuals with conservative political ideology are more supportive of nuclear energy use than those individuals with liberal ideological leaning (Rothman and Lichter 1987; Conover and Feldman 1984a; Ripberger et al. 2012).
While mainstream public behavior research claims that American mass public opinion is strongly related to partisanship and polarized attitudes, and is enhanced by communications from the elites on a wide range of issues, there are some scholars who argue that the causal arrow points in the opposite direction (Abramowitz and Saunders 2008; Broockman and Butler 2017; Baldassarri and Gelman 2008; DiMaggio et al. 1996; Levendusky 2009). Some studies have found evidence to support the claim that voters’ issue positions affect their vote intention for the party that holds similar positions on salient issues at the time of election (Ansolabehere, Rodden, and Snyder 2008; Broockman and Butler 2017). My focus is on whether positions on nuclear siting issues – which can become highly salient to voters in communities near prospective sites – can lead voters to shift their patterns of partisan support. Unfortunately, prior research testing the capacity of nuclear policy disputes  to affect the public’s partisan choices has been shallow, largely because the salience of nuclear policy issues has been viewed as transient and associated with major nuclear accidents (Van der Brug 2001; Latré et al. 2019).
Building on this literature, in this chapter I inquire whether support or opposition to nuclear waste siting policy in potentially impacted communities has the potential to affect pubic partisan and even ideological choices. I leverage longitudinal voting behavior data from the state of Nevada to assess the effect of the enactment of Nuclear Waste Policy Act of 1982, and as amended in 1987 (hereafter NWPA), on partisan choices as well as on the pattern of election turnout rates. As described in a section of this chapter, this policy context provides an ideal venue for this analysis, in which I aim to address the following research questions:
1. Does a policy issue such as the decision to site a nuclear waste facility have the potential to reshape local partisan and ideological positions?
2. Do local policy concerns have the potential to affect levels of political participation and make people become politically more engaged?
In the next section, I provide a review of the literature on voting behavior and election turnout as well as policy feedback theory. I further introduce the theoretical expectations for the effect of NWPA on voting behavior and participation across time in the state of Nevada. After presenting the policy context in more detail, I describe the unique panel dataset underlying this analysis and detail the empirical approach. Finally, I present the findings of the empirical analysis and its implications for public policy theory and practice.

Theoretical Expectations
To answer the research questions raised here, I leverage the political science literature on voting behavior and election turnout with the policy feedback theory to test hypotheses about the likely impact of policies on politics in a local context. Voting behavior literature examines the impact of sociological and psychological characteristics of citizens on their preferences and participation in elections (Eldersveld 1951; Balogun and Olapegb 2007), largely omitting discussion of locally-salient issues in driving partisanship and participation.
The early theories of voting behavior claim that voters are influenced by party identification, issue orientation or candidate orientation (Lazarsfeld et al. 1944; Campbell et al. 1960; Lipset and Rokkan 1967). The party identification theory of the Michigan school claims that people tend to stay loyal to a specific party that they were socialized to from their early years, and are likely to vote for all of their candidates in any election (Berelson, Lazarsfeld, and McPhee 1954; Lazarsfeld et al. 1944; Eldersveld 1951). A competing theory to party identification is candidate orientation that claims specific candidate’s image or personality has the potential to swing voters in any specific election (Rosenberg et al. 1986; Hayes 2009). Alternatively, scholars from the Columbia school of voting research found that voting behavior is instead impacted by high interest in given issues as opposed to partisanship (Key 1966; Nie, Petrocik and Verba 1999). Scholars have found that such salient issues as civil rights, war, scandals or economy have historically swayed voters (Nie, Petrocik and Verba 1999). Issue salience is also influential for non-voting voters. While voter turnout varies from election to election, on average voter turnout is higher during elections for statewide offices and the presidency (U.S. Census 2012). Voter turnout also increases due to issue salience or other effects that reinforce voter’s positions and preferences (Fiorina 1981). Nuclear energy policy has been a salient issue mostly during major nuclear accidents (Latré et al. 2019). After the Chernobyl accident European voting behavior has changed based on issue identification (Van der Brug 2001). Therefore, the contribution of this study is particularly important as it tests whether a highly contested local nuclear waste siting issue has impacted voting behavior and election turnout in a quasi-experimental design.
In addition to party identification, candidate and issue voting, political ideology is another determinant for voting behavior. Levendusky (2009) found that due to polarizing issues political ideology had a significant effect in reconstructing individual’s long term commitments to political parties. Sorting of liberal and conservative ideologies with specific parties reshaped American partisan landscape in the 1970s. This reconfiguration eliminated each major party having both liberal and conservative faction to sorting liberal ideology with Democratic party and conservative ideology with the Republicans (Levendusky 2009). In parallel with this sorting, voter’s long-term impressions on party’s policy records have gradually created issue ownership (Petrocik 1996) and trait ownership (Hayes 2005) between the two parties in the U.S. In that regard the evidence has shown that individuals with Republican party affiliation and conservative political ideology are more supportive of nuclear energy use than those with Democratic party affiliation and liberal ideology (Conover and Feldman 1981; Rothman and Lichter 1987; Ripberger et al. 2012).
Policy feedback theory focuses on how policies affect and shape politics, political behavior, or perception of one’s standing in society (Béland 2010; Mettler and Sorelle 2018; Pierson 1992; 1993). The existing research in the area primarily includes single-policy case studies that have demonstrated how policies affect the political behavior of ordinary citizens. Campbell (2003) found the threat of a policy change is related to increased participatory efforts among citizens. Other scholars have found evidence for policies to promote or discourage civic engagement among mass publics (Mettler 2002; Bruch, Ferree and Soss 2010). Studies have also shown that material resources and the demographic attributes associated with a propensity to participate politically positively affect political activism and civic engagement even among urban poor respondents (Verba, Schlozman and Brady 1995; Lawless and Fox 2001). Current research in policy feedback theory is substantively focused on social welfare and criminal justice programs and mostly employs historical analysis, interviews and statistical analysis of cross-sectional survey data (Mettler and Sorelle 2018). This study examines the effect of policies on politics in nuclear policy domain. In particular, I inquire whether a highly contested local spent nuclear fuel siting issue has the potential for reshaping the partisan landscape of the state of Nevada by changing citizen voting behavior and their levels of civic engagement. This policy context provides an excellent case for observing changes in the political behavior of ordinary citizens effected by nuclear policy domain. The next section introduces the local policy context in more detail.



Local Policy Context and Nuclear Waste Policy Act
Spent nuclear fuel waste disposal in USA has been debated for nearly half a century, with resolution bogged down by a stalemate over building a permanent repository for spent nuclear fuel and high-level nuclear waste in USA (Hadden et al. 1983). Despite robust scientific consensus that deep geologic isolation is the technically preferred method for disposing of long-lived radioactive wastes (National Research Council 2001; IAEA 2014), siting facilities for the storage and disposal of these wastes has historically proven to be extraordinarily difficult for governments due to the opposition from local host communities (O'Hare, Bacow and Sanderson 1983).
United States currently has over 90,000 metric tons of nuclear waste that requires disposal (US GAO 2020). The 1987 Amendment to the Nuclear Policy Act of 1982 has established the selection of Yucca Mountain as a permanent repository for spent nuclear fuel nationwide (US GAO 2020). As the map below demonstrates, there are seventeen counties in the state of Nevada, nine of which are officially considered to be geographically affected by the NWPA because they are either in the vicinity of Yucca mountain site or on the potential rail route to Yucca mountain (Eureka County Yucca Mountain Information Office, 2019).[footnoteRef:12] [12: Figure 4-A1 presented as an appendix to this chapter demonstrates the administrative map of the state of Nevada with detailed transportation routes.
] 






Figure 4-1. Nevada County Map
[image: ]
Note: The map is borrowed from GISGeography (2020). The figure demonstrates the geographic locations of the 17 counties in Nevada. The affected counties highlighted with blue are the following: Eureka County, Churchill County, Clark County, Esmeralda County, Mineral County, Nye County, Lander County, Lincoln County and White Pine County. Yucca Mountain is located in Nye County.

In general there are ten (10) designated “Affected Units of Local Governments (AULG’s)” nationally recognized to be in relative proximity to Yucca Mountain (Eureka County Yucca Mountain Information Office, 2020). Due to their geographic proximity these AULG’s have been granted authority to provide information and public involvement opportunities regarding federal decisions about Yucca Mountain[footnoteRef:13]. As figure 4-1 demonstrates, nine of these AULG’s are located in the state of Nevada with one being in California. In this dissertation I refer to these nine AUGU counties in the state of Nevada as “affected counties.” [13:  Clark County is among the treatment group. Much of the opposition to the enactment of NWPA came from Clark County which is also the largest county (in population) in Nevada by a fair margin.
] 

The state of Nevada was the nuclear weapons test site until around 1990s while the investigation of a possible high level nuclear waste storage facility in USA started in the 1970s (U.S. NRC 2018). With the enactment of NWPA in 1982 Nevada was designated as one of the five candidates for a site (U.S. GAO 2020). In 1987 NWPA amendment designated Yucca Mountain the only site under consideration (U.S. GAO 2020). This decision to focus only on one site was broadly opposed by the local community in Nevada contributing to an unsettled policy debate[footnoteRef:14] (Eureka County Yucca Mountain Information Office 2020). Thus, the Obama administration halted the project after four decades of research and development and the expenditure of over 15 billion dollars in the Yucca mountain siting program[footnoteRef:15] (Eureka County Yucca Mountain Information Office 2020). Although the Department of Energy had filed to obtain a license from the Nuclear Regulatory Commission to construct the Yucca Mountain facility in 2002, President Obama cancelled funding for the program in 2010 and sought to cancel the NRC licensing process.[footnoteRef:16] President Trump has supported restarting the project, and his budget request in 2017 for fiscal year 2018 included $120 million for work on the Yucca Mountain project. These funds were planned to be allocated for resuming Yucca Mountain and an interim storage site license review (US GAO 2020). However, the decision about a disposal site in the United States is still pending, as is license application to authorize construction of a nuclear waste repository at the Yucca Mountain site in Nevada. President Trump continues to signal his support for Yucca Mountain, and recently tweeted a promise to the residents of Nevada about “exploring innovative approaches” to the Yucca Mountain policy debate (Macfarlane 2020). This policy context provides an excellent case with which to test hypotheses about the likely effect of NWPA on the political behavior of local residents in quasi experimental design. In particular, I will compare whether there are differences among residents of counties that are geographically affected by NWPA as opposed to those that are not affected. As defined above, the geographically affected counties are identified as the treatment group in the analysis and the remaining ones as control group. Based on the above theoretical discussions on party identification, issue ownership and policy feedback, I empirically examine the following hypotheses.   [14:  This opposition was led by state-level officials and state representatives to Congress. The most vociferous opponent was Senator Harry Reid – who opposed Yucca Mountain project over his entire career.]  [15:  In fact, Senator Reid rose to become Senate Majority leader in President Obama’s first term, and was very effective in blocking and then encouraging President Obama to attempt to cancel the licensing process for the Yucca Mountain.]  [16:  The courts have rejected the cancellation of the licensing process and have ruled that the NRC must continue the licensing process, because the NWPA is still the law and remains unchanged (U.S. GAO 2020).] 

Hypothesis 1: In line with the extant literature on long term effects of partisan identification and issue ownership I expect to find local residents from counties directly affected by NWPA (treatment group) as opposed to those who are not directly affected by it (control group) to reflect a change in their voting behavior caused by the adoption of NWPA in 1982 or its amendment of 1987.
Having in mind the issue identification hypothesis and the empirical evidence from previous research we know that individuals with Republican party affiliation and conservative political ideology are more supportive of nuclear energy use than those with Democratic party affiliation and liberal ideology (Conover and Feldman 1981; Rothman and Lichter 1987; Ripberger et al. 2012). Therefore, in line with these predispositions I particularly expect that historically partisan and ideological sentiments in Nevada from around 1980ies when NWPA policy discussions came into play have shifted towards Democratic and liberal ideology at the expense of the Republican and conservative voters.
Hypothesis 2: Based on the claims of policy feedback theory about the salience of policy contextual effects and increased civic engagement I expect to find local residents from counties directly affected by NWPA (treatment group) to have increased election turnout caused by the adoption of NWPA in 1982 or its amendment of 1987.

Data and Methods
To investigate the impact of NWPA on voting behavior and election turnout in the state of Nevada I constructed a unique four-year panel dataset for all 17 counties for the years 1964-2016. These data used in the analysis are collected from the state of Nevada Secretary of State (NSS) website. The website publishes overall count of election and turnout results per candidate/party for all types of elections. For the purposes of this study I focused on general presidential elections given the evidence that voter turnout is highest at presidential elections (U.S. Census 2012). The measure of voting behavior indicates the aggregated preferences of individual voters per candidate/party and is constructed form the election result reports for presidential general elections of 1964 to 2016 in all seventeen counties in Nevada (Nevada Secretary of State 2020).[footnoteRef:17] The measure for election turnout is the percent of registered voters that cast a vote in the given election collected from the voter turnout reports for presidential general elections of 1964 to 2016 for all seventeen counties in Nevada (Nevada Secretary of State 2020). These dependent variables reflect the main outcome of interest of the study. [17:  I would prefer to collect precinct level data, however it was available on line only starting from 2014 till nowadays, therefore I decided to collapse one level and collect county level data that captures all fourteen presidential general elections.] 

To assess the impact of NWPA and the 1987 amendments on reshaping the political landscape in the state of Nevada it is first necessary to remember the geographic disposition of its counties revealed in figure 4-1 and described in the previous section. From the total seventeen counties in the state, nine geographically affected counties affected by the enactment of NWPA are considered as the treatment group in the research design and the remaining eight counties serve as controls in the analysis.
Table 4-1. Descriptive Statistics
	
	Source
	Mean
	SD
	Min
	Max
	N

	Outcome Variables

	Voted Republican 
	NSS
	58.45
	12.70
	28.82
	84.66
	238

	Voted Democrat 
	NSS
	33.67
	11.58
	2.97
	71.176
	238

	Election Turnout 
	NSS
	79.99
	7.10
	56.00
	96.53
	170

	NWPA Policy Variables

	Post1982*Treatment
	Constructed
	0.29
	0.45
	0
	1
	252

	Post1987*Treatment
	Constructed
	0.25
	0.50
	0
	1
	252


Note: NSS= Nevada Secretary of State

The key variables in the dataset are summarized in Table 4-1. Data underlying this analysis fall into two main categories. First, I collected voting behavior and election turnout data for the seventeen counties in the state of Nevada. These data measure the main outcomes of interest for this analysis. Second, I include indicators that capture the enactment of NWPA. Specifically, I constructed a dichotomous measure that indicates the counties in Nevada that are affected by NWPA (the treatment group). I also created a dichotomous time measure to indicate the years post approval of NWPA and its reform.
[bookmark: _Hlk5705322]To estimate the effect of NWPA on voting behavior and election turnout in the state of Nevada two empirical approaches are employed. First, I utilize a standard difference-in-differences (DID) approach. This modeling strategy will estimate the impact of the NWPA by comparing the difference between the pre-intervention (pre-NWPA enactment) to post-intervention (post-NWPA enactment) changes between treated (affected) and untreated (control) counties for an outcome of interest (Angrist and Pischke 2009). I implement the difference-in-differences approach in a regression framework, summarized in Equation 1 below.
	
	(1)



In this model, the vote outcome variables ) in county i in election year t are a function of a constant (), a year fixed effect (, an error term (, and an interaction between a dichotomous variable for treated counties ( and a dichotomous variable indicating post NWPA enactment (. The parameter of interest () reveals the association between NWPA adoption and voting behavior and election turnout in post-NWPA enactment years for treated counties.
I also include year fixed effects to account for individual-invariant unobserved time factors. These fixed effects are included because I expect that there are time-specific impacts that might influence voting behavior and election turnout.
	The second modeling strategy entails an event-study or dynamic DID approach, as it allows me to estimate if there is variation in the effect of the NWPA on electoral outcomes over the post-enactment time period (Abraham and Sun 2018). This strategy also enables me to estimate whether there were any significant differences across treated and control counties leading up to the policy changes that could bias the estimates. I implement the event-study or dynamic DID in the regression framework summarized in Equation 2.
	
	(2)



In this model, the outcome variables ) are estimated as a function of an error term (, a constant (), year fixed effects (, and an interaction between whether the county has been affected by the policy change and a set of dichotomous variables capturing the year relative to NWPA enactment for all counties in Nevada. The flexibility that this model introduces into the difference-in-difference set up will allow for the associations between NWPA enactment and voting behavior and turnout to vary based on the year relative to NWPA adoption. In order to construct this model, I create dichotomous variables to represent plus or minus four election years relative to NWPA enaction. Further, I exclude the dichotomous variable representing one election year prior to NWPA adoption as the reference group; thus, all comparisons are made to the year prior to adoption.
Results
The results for the difference-in-differences analysis for the effect of NWPA of 1982 on voting behavior and election turnout in Nevada are presented in Table 4-2[footnoteRef:18]. This table shows that the average treatment effect of NWPA is significantly impacting the outcomes of interest for hypothesis 1. First, the estimates reveal a positive impact of NWPA on the percentage of voters in the treatment counties voting for Republican candidates. Consistent with that finding, the estimates show a negative effect of NWPA of 1982 on the likelihood of citizens from treatment counties voting for the Democratic candidates. In terms of magnitude, these estimates suggest that NWPA of 1982 is associated with a 7 percentage point decrease in the likelihood of voting for the Democratic candidates and increase in voting for Republican candidates at the same rate. Finally, the NWPA did not have a significant effect on election turnout. [18:  I have also conducted the same analysis testing the effect of NWPA of 1987. The results are consistently similar to what we see in table 4-2 in text having in mind that those models also encompass the effect NWPA of 1982 as well. Table 4-A1 with this analysis is presented as an appendix to this chapter.] 


Table 4-2. The Effect of NWPA of 1982 on Voting Behavior and Election Turnout in Geographically Affected Counties, Non-Affected Ones as Controls
	
	Voted Democrat
	Voted Republican
	Election Turnout

	Treatment Counties
	3.891
	-4.580
	-0.903

	
	(2.362)
	(2.704)
	(3.394)

	Post-NWPA
	-4.067
	1.099
	-1.962

	
	(2.143)
	(2.454)
	(2.603)

	Post-NWPA x  Treatment
	-7.185**
	7.101**
	-1.869

	
	(2.945)
	(3.372)
	(3.577)

	R-squared
	0.130
	0.052
	0.050

	N
	238
	238
	170


Note: Models include covariates and time fixed effects. Standard errors in parentheses. Significant at * p < 0.1; ** p < 0.05; *** p < 0.01 
I also tested the effect of the enactment of NWPA in a subset where the outcomes of interest were majority Republican or Democratic votes. As we can see from table 4-3, NWPA did nominally impact the majority of Republican or Democratic votes consistent with the previous models, however these associations are not statistically significant. This suggests that the changes in the percentage of the electorate voting for Democrats and Republicans found in Table 2 were not large enough to change whether the county was voting for majority Democrats or Republicans.

Table 4-3. The Effect of NWPA of 1982 and its 1987 Amendment on Majority Republican or Democratic Votes in Geographically Affected Counties, Non-Affected Ones as Controls
	
	NWPA Enactment of 1982
	NWPA Enactment of 1987

	
	Voted Democrat
	Voted Republican
	Voted Democrat
	Voted Republican

	Treatment Counties
	0.136*
	-0.192
	0.113
	-0.160

	
	(0.067)
	(0.098)
	(0.062)
	(0.090)

	Post-NWPA
	-0.147*
	0.039
	-0.115
	-0.036

	
	(0.061)
	(0.089)
	(0.060)
	(0.087)

	Post-NWPA x  Treatment
	-0.102
	0.181
	-0.075
	0.148

	
	(0.083)
	(0.122)
	(0.082)
	(0.119)

	R-squared
	0.107
	0.036
	0.071
	0.015

	N
	238
	238
	238
	238


Note: Models include covariates and time fixed effects. Standard errors in parentheses. Significant at * p < 0.1; ** p < 0.05; *** p < 0.01 

To provide insight into the dynamic effects of NWPA on geographically affected counties over time, I present the event-study analyses in Table 4-4 and their illustrations in Figures 4-2 and 4-3. This method allows the estimated effects to vary across years relative to the year of implementation.


Table 4-4. Event-Study Results for the Effect of NWPA on Voting Behavior
	
	Voted Democrat
	Voted Republican
	Election Turnout

	4 Elections before*
Treatment Counties
	9.856*
(4.630)
	-9.626*
(4.412)
	-3.922
(5.879)

	3 Elections before*
Treatment Counties
	11.601*
(4.607)
	-16.489***
(4.390)
	-0.259
(4.529)

	2 Elections before*
Treatment Counties
	9.668*
(4.412)
	-9.521*
(4.204)
	2.180
(5.541)

	1 Election before*
Treatment Counties
	10.242*
(4.388)
	-9.403*
(4.181)
	-8.606*
(3.928)

	Base year
	OMIT
	OMIT
	OMIT

	1 Election after*
Treatment Counties
	5.439
(4.392)
	-5.649
(4.185)
	4.719
(3.346)

	2 Elections after*
Treatment Counties
	4.191
(4.410)
	-3.806
(4.202)
	4.879
(3.367)

	3 Elections after*
Treatment Counties
	5.803
(4.650)
	-4.857
(4.431)
	4.647
(3.559)

	4 Elections after*
Treatment Counties
	4.112
(4.514)
	-8.433
(4.302)
	2.889
(3.458)

	R-squared
	0.042
	0.073
	0.177

	N
	238
	238
	170


Note: The reference year utilized in both models is the election year that has taken place two years before NWPA adoption. This is the baseline year to compare whether the treatment and control groups were significantly different in pre-treatment years. Standard errors in parentheses. Significant at * p < 0.1; ** p < 0.05; *** p < 0.01 


The results of the event study analyses summarized in Table 4-4 and figures 4-2 and 4-3 reveal that the enactment of NWPA is not associated with political outcomes for post-treatment years if we observe the results on year by year basis. Overall, these models suggest that among treatment counties, before 1982, the percent voting Democrat was higher than it was in the control counties.[footnoteRef:19] In addition, when we compare voting outcomes for Democratic versus Republican candidates, the model coefficients suggest increased support for Democratic candidates. [19:  Since no significant findings are suggested by the models for election turnout the coefficient plot for event study models testing the effect of NWPA on turnout is presented in figure 4-C1 as an appendix to this chapter.
] 

[image: ]
Discussion and Conclusion
In this chapter I leveraged the political science literature on issue identification and voting behavior with policy feedback theory to examine whether a highly contested local spent nuclear waste siting issue reshaped partisan positions and political engagement in the state of Nevada. While policy feedback theory claims that policies shape politics, the literature has yet to investigate the explanatory power of this theory in nuclear energy policy domain. Building on the issue position and policy feedback literatures, this inquiry analyzed the effect of NWPA on the political outcomes in a quasi-experimental design.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]By employing a difference-in-differences research design I tested hypotheses on the likely effect of NWPA on voting behavior and civic engagement for presidential general elections across seventeen counties in Nevada from 1970s to 2016. While we do know that NWPA was adopted in 1982 and amended in 1987, we assume that the effect of the policy on voting behavior will likely follow its adoptions. However, it might be possible that public resentment or reaction and thus effect of the policy was before its enactment when it was being discussed. To make sure that these dynamic changes are revealed in the analyses I also employ an event-study or dynamic DID approach. The event study approach reveals predominantly null findings on the likely effect of NWPA on treatment counties. However, it does show higher vote support for Democratic candidates pre-NWPA in treatment counties as compared to control counties.
In this chapter I utilized two methods for testing hypotheses about the effect of NWPA on voting behavior in Nevada. By testing the hypotheses with DID approach I found enough evidence to support the claim that NWPA affects voting behavior in treatment counties in Nevada. In particular NWPA is associated with a 7 percentage point decrease in the likelihood of voting for the Democratic candidates and increase in voting for Republican candidates at the same rate. It is important to underscore, that the direction of these findings is opposite to what I expected. While I did expect to find a shift in voting behavior due to NWPA, I expected that shift to be in favor of the Democratic party at the expense of the Republican party due to their nuclear energy issue positions and Nevada’s local opposition to nuclear energy.
In addition, the analysis found no support for hypothesis 2. Although presidential general elections draw the highest election turnout in general, many missing values for this outcome variable of interest might be one of the reasons for the consistency in insignificant coefficients in these models. Therefore, there seem to be no significant changes and variation in election turnout across all counties in Nevada.
While DID approach is very helpful in identifying the effect of intervention on treatment group in comparison to control group, it also has strong assumptions about the effect of time of intervention (Angrist and Pischke 2009; Greene 2000). In this study I have identified 1982 enactment of the NWPA as the time effect. However, critiques of this approach offer utilizing an event study approach as a remedy against the assumption of the time of the treatment effect (Abraham and Sun2018). The results of the event study approach showed increased support for Democratic votes at the expense of the Republican votes. While these results substantively are in line with the expected effect of the policy, they have no statistical significance.
Overall, the major finding and the implications of this study show that local policy preferences and concerns in the long run have the potential to reshape local political landscape by changing public ideological dispositions and shifting their partisan preferences. The study confirms that regional stigma and risk perceptions are at the root of local opposition to spent nuclear fuel disposal policy in Nevada (Jenkins-Smith 1993; Jenkins-Smith, Silva and Gupta 2017). However, due to this finding being in an unexpected direction of change, it might undermine the explanatory power of the issue orientation hypothesis. 
There are different competing explanations for this outcome. Some scholars argue that presidential voters are different from congressional voters and having voting behavior data from all previous 14 general presidential elections might be the reason for the unexpected outcome (McDonald 2011; Wolfinger, Rosenstone and McIntosh 1981). The counter-argument to this point is the explanation that those differences are mostly in their demographic characteristics and affect election turnout. Those differences also  distinguish voters from non-voters. However, it is difficult to assess whether the demographic differences in turnout between congressional and presidential elections would affect the outcome to that extent. A potential avenue for exploration is also a look into higher turnout and its effect on Democratic candidates (Tucker et al. 1986; Radcliff 1994; Grofman et al. 1999; Martinez and Gill 2005).
Another potential explanation for the findings being in the opposite direction can be the rebuttal of the issue orientation hypothesis and the confirmation of the party identification hypothesis (Levendusky 2009). One might argue that voting preferences and behavior are formulated mostly by individual’s political socialization and their socio-identification group. This argument especially gets traction if we consider recent population growth in the state of Nevada and population migration to the Sun Belt region. Population changes can significantly impact the outcome of elections in opposite direction as newly settled residents of Nevada would not share the historical opposition and contempt toward one party or another due to NWPA.
From the methodological standpoint, my theory suggests a systematic level of analysis. A major limitation of this data is the scarcity of observations after policy 1 and before policy 2 (there is only 1 election between those two). A further robust analysis would entail using NWPA of 1885 and its 1987 revision separately in two different models.
While this study is a demonstration of policies feeding back into the political environment and reformulating the distribution and shape of that environment, it has also other limitations. The inferences drawn from this analyses are based on general presidential elections utilizing county level data. If we recall, there are merely 17 counties in Nevada. The analysis would be more robust if the models could utilize precinct level data. The data points will multiply and the big standard error will probably shrink after increasing the sample size of the observations. This is something that I intend to pursue in a follow up study. Yet another limitation is the absence of sufficiently nuanced control variables to capture important features for the local political context. In future work I will be adding measures of local economic and political trends as time-variant contextual factors to address this. If the results of this analysis hold after addressing all these issues, a follow up qualitative study with focus group format will help determine the reasons for changing voting behavior in an unexpected direction. My future research will also investigate whether the NWPA has also impacted voting behavior in other local elections – for example, around the sites that had been candidates for a nuclear waste repository in the 1982 Act but were withdrawn in the 1987 amendments.


Figure 4-A1. The Map of the State of Nevada with NWPA Affected Counties
[image: ]
Source: The source of this map is Eureka County Yucca Mountain Information Office, 2019.


Table 4-B1. The Effect of NWPA of 1987 on Voting Behavior and Election Turnout in Geographically Affected Counties, Non-Affected Ones as Controls
	
	Voted Democrat
	Voted Republican
	Election Turnout

	Treatment Counties
	3.339
	-4.041
	-0.655

	
	(2.222)
	(2.508)
	(2.369)

	Post-NWPA
	-1.522
	-2.653
	-2.103

	
	(2.139)
	(2.414)
	(1.927)

	Post-NWPA x  Treatment
	-7.117**
	7.047**
	-2.413

	
	(2.939)
	(3.318)
	(2.649)

	R-squared
	0.076
	0.021
	0.074

	N
	238
	238
	170


Note: Models include covariates and time fixed effects. Significant at * p < 0.1; ** p < 0.05; *** p < 0.01 


Figure 4-C1. Coefficient Plot for Event-Study Model Testing the Effect of NWPA on Election Turnout
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Chapter 5. Nuclear Impasse: The Cultural Bias in Support for Carbon-Free Energy Sources
Abstract
Beliefs about climate change vary widely among members of the American public, including whether the climate is changing, what is causing it, and what humans can do (or should do) to combat its effects. Some policy elites and environmentalists have argued that nuclear energy – as the largest source of carbon-free energy in the US – will be an essential bridge in the shift to renewable energy, while others have maintained strong opposition to it. Using data from a nationwide Internet surveys including over 2000 American adults, I explore the relationship between beliefs about global warming and support for nuclear energy among members of the broader US public. Further, I investigate whether political ideology, cultural worldviews and other demographic characteristics underlie the differences among environmentalists over the future role of nuclear energy. The findings reveal that individuals who are more concerned with global warming tend to prefer energy coming from renewable sources rather than nuclear.

Introduction
Historically most of the consumption of energy in USA has originated from fossil fuels. In 2017, in line with these historic trends US primary energy production combined from three major fossil fuels was about 77.6% (petroleum 28%, natural gas 31.8% and coal 17.8%) with a 4% decline from 2016. Only 12.7% of energy production originated form renewable energy sources and only 9.6% from nuclear electric power (EIA 2017). While historic trends of energy consumption in USA show fossil fuels as major production source, starting from 1950s there were some emerging trends of searching alternative sources of energy. These trends have gradually increased because of the ecological consequences resulting from the consumption of fossil fuels (EIA 2017).
Alarming discussions about the transportation and other fossil fuel combustion, inverse effects of coal surface mining, instances of petroleum and chemical spills in U.S. waters add to the concern for reducing the emission of pollutants (Verweij 2011; Lynas 2013). It is well known that fossil fuels are a major pollutant that add carbon dioxide to the environment and create greenhouse gasses in the atmosphere (Lynas 2013). It is for this reason that recent policy debates both in government and private sector have focused on searching alternative energy sources as a solution to the climate change problem (Verweij 2011; Lynas 2013). With emerging concerns about global climate change major policy makers and environmental activists have focused their attention to the nuclear solution to fight climate change.
In this paper, we are interested to test whether the shift towards nuclear energy among environmental elites and policy makers is also apparent among broader public. We also explore whether beliefs about climate change influence public preferences for nuclear energy sources as a solution to climate change among some cultural and ideological subgroups of population. Using original data from a representative survey of 2000 American adults we explore the ways in which preferences for nuclear energy are influenced by individuals cultural worldview or political ideology.
Previous Literature
From 1980s many resources were invested towards building infrastructure for renewable energy sources in developed Western European counties (Verweij 2011). Nuclear power plants were closed down due to the fear of accidents. However, there are some difficulties connected with renewable energy production. First, specific geographic and ecological conditions are necessary for renewable energy production (Clemmit 2011). Second, when it became clear that renewable energy sources do not have the potential to provide energy sufficient enough to cover all consumption demands, it resulted in “unleashing the renewable revolution” (Verweij 2011, p. 25). Many developed countries, like Germany and the UK, including USA have turned to coal to satisfy the needs of energy consumption while harming the environment and intensifying the speed of global warming (Lynas 2013, Jenkins, Nordhaus & Shellenberger 2011).
Seeing these developments environmental activities, scientists, and policy makers have come to consider nuclear energy as a solution to global climate change (Lynas 2013, Jenkins, Nordhaus & Shellenberger 2011, Conca 2017). Support for nuclear energy among these groups of individuals have several justifications. First, it has already been established that nuclear energy is economical and has the potential to satisfy energy consumption demands. Second, nuclear energy resources are limitless. Third, following the strict guidelines for nuclear plant construction, management and operation as well as safety standards for nuclear waste storage will eliminate the possibility of nuclear accidents. Fourth, nuclear energy production will reduce CO2 emissions (Lynas 2013, Jenkins, Nordhaus & Shellenberger 2011).
In this study, we explore whether preferences for energy sources among American public is shaped by individuals’ global warming risk perception mediated by their cultural orientation or political ideology as competing antecedents for explaining individual policy preferences.
The role of individual beliefs shaping public preferences have long been studied by social scientists (Douglas and Wildavsky 1982; Wildavsky 1987; Thompson, Ellis and Wildavsky 1990; O’Connor, Bord, and Fisher 1999; Ellis and Thompson 1997; Herron and Jenkins Smith 2006; Ripberger et al. 2011). Using “group/grid” cultural theory by Mary Douglas and Aaron Wildavsly (1982) scholars have found strong egalitarians are highly concerned about the environment whereas individualists seem to be less concerned about the environment and do not object the usage of natural resources for economic activity (Douglas and Wildavsky 1982; Wildavsky 1987; Thompson, Ellis and Wildavsky 1990; O’Connor, Bord, and Fisher 1999; Ellis and Thompson 1997). Hierarchs consider the environment to be relatively robust and tend to be only concerned with the environment when they see an eminent threat to it. There is no evidence for fatalists to support any particular concern for the environment.
The concepts of political ideology proposed by Anthony Downs (1957), the spatial differentiations between left (liberals) and right (conservatives) provides a competing explanation to individual differences for policy preferences. It has been a historical fact and well established knowledge that individuals with conservative ideology are less concerned for the environment than those individuals who hold liberal ideological leaning (Buttel and Flinn 1976; Rothman and Lichter 1987; Conover and Feldman 1981; Jenkins-Smith and Smith 1994; Dryzek et al. 2003; Herron and Jenkins Smith 2006; Jacques, Dunlap and Freeman 2008; Ripberger et al. 2012; Frankovic 2015). 
In addition, we also include a number of demographic variables as covariates for the predicted relationships in our analytic models (Finucane et al. 2000, Handmer and Proudley 2007).

Data and Methods
The Data used in the analysis is collected by a nationwide Internet survey administered in May 2017 to measure public preferences on Energy and Environmental policy. Respondents were recruited by Survey Sampling International (SSI) so that the demographic characteristics of the respondents mirrors national census characteristics.
A total of 2,004 respondents completed the survey. The average age of the survey participants was 47 years old, 53% of survey respondents were female, 78% were non-Hispanic whites and 41% had at least two-year college degree or Associates degree. Survey respondents’ median annual household income fell between the range of $40,000 and $50,000.
Variables and Measures
In order to test whether global climate change risk influences individual energy policy preferences contingent upon individual’s cultural worldview or political ideology we have employed ordinary least squares regression (OLS) with interaction terms. The variables and their corresponding models of analysis are presented in Table 5-1.

Table 5-1: Variables and Models
[image: ]
The dependent variable of the study is the preferences for overall mix of electricity for the U.S. Respondents provided their preferred energy mix percentage for fossil fuels, nuclear energy and renewable energy as the three primary sources of electricity. The sum of the expressed preferences equals to 100 per individual respondent. Since our dependent variable can be characterized as a composition variable the ternary plot presented in Figure 1 demonstrates each respondent’s preferences in fossil fuel, nuclear and renewable energy sources.

Figure 5-1. Ternary Plot Demonstrating Respondents’ Energy Source Preferences.[image: ]
The primary independent variable is the individual perception of risk of global warming. With the help of randomization half of the respondents were asked to rate how much risk they think global warming poses for people and environment on a scale from zero to ten. The other half of the respondents were asked the same question on a scale from one to five. For the purposes of our analysis the responses from ten-point scale measure were collapsed and were combined with those of the five-point scale to increase the sample size for the analysis.
As we discussed in theoretical section the purpose of this paper is to estimate the effect of global warming risk on preferences for energy sources as a function of individuals’ cultural worldview or political ideology. Individual cultural worldviews were measured by asking the respondents to rate on a scale from zero to ten the degree to which each of the four groups of statements on hierarchism, individualism, egalitarianism and fatalism describes their own outlook on life. To capture political ideology respondents were asked to identify themselves on the ideological spectrum on a scale from one to seven where one indicates strongly liberal and seven indicates strongly conservative.
To control for rivalry explanations demographic characteristics of the individuals were accounted for in the models as covariates. In particular, we included measures of age (in years), gender (one for male and zero for female), race (one for white and zero for non-white, one for Hispanic and zero for non-Hispanic), education (one for lowest level and eight for highest level of education) and the estimated total household income (measured on a twenty-one point scale). The exact wording of the measures for each variable is presented in table 5-A1 as an appendix to this chapter.





Table 5-2: Descriptive Statistics
	Variable
	n
	Mean
	SD
	Median
	Min
	Max

	Percent of electricity to come from fossil fuels
	2004
	28.79
	21.3
	25
	0
	100

	Percent of electricity to come from nuclear energy
	2004
	19.32
	15.89
	20
	0
	100

	Percent of electricity to come from renewable sources
	2004
	51.89
	26.7
	50
	0
	100

	Global warming risk perception
	1994
	3.71
	1.06
	4
	1
	5

	Hierarchism index
	2004
	5.6
	2.77
	6
	0
	10

	Individualism index
	2004
	6.18
	2.79
	7
	0
	10

	Egalitarianism index
	2004
	5.27
	2.91
	5
	0
	10

	Fatalism index
	2004
	4.87
	2.92
	5
	0
	10

	Political ideology
	1995
	3.94
	1.64
	4
	1
	7

	Age
	2004
	47.15
	16.96
	47
	18
	93

	Education
	1993
	4.15
	1.89
	4
	1
	8

	Income
	1983
	6.47
	4.59
	6
	1
	21



As descriptive statistical analysis demonstrates in Table 5-2 there are no extreme values that would make us believe that the data are not normally distributed. In general, respondents give higher preferences to electricity coming from renewable sources (mean percent is 51.89 from the hundred possible). This is not surprising having in mind that respondents have demonstrated higher concern for global warming (mean score is 3.71 on a scale from 1 to 5). However, the surprising element is the fact that the respondents’ second preference for energy source is electricity coming from fossil fuels (mean percent is 28.79 from the 100 possible) as opposed to nuclear energy (mean percent is 19.32 from the hundred possible) despite their concern for the environment. As for their cultural worldview, respondents are more prone to individualism (mean score of 6.18 on a scale from 0 to 10), followed by hierarchism (mean score of 5.6 on a scale from 0 to 10) and egalitarianism (mean score of 5.3 on a scale from 0 to 10). Fatalistic worldview (mean score of 4.9 on a scale from 0 to 10) has comparatively the lowest disposition in our distribution, however it is not very low in its absolute value. In terms of their political ideology, on average respondents lean more to the liberal spectrum of the ideological continuum (mean score of 3.94 on a scale from 1 to 7, where 1 means strongly liberal and 7 means strongly conservative). Table 5-3 displays the frequency distribution of the categorical demographic covariates.
Table 5-3: Frequency Distribution of Demographic Covariates
[image: ]
Findings and Discussion
We tested number of hypotheses concerning the preferences of energy sources among American public influenced by their global warming risk perceptions that we proposed might be mediated through their cultural worldview (Model 1), political ideology (Model 3) or demographic characteristics (Models 2 and 4). Each of these hypotheses were tested first using polynomial regression with interaction terms. However, due to the number of problems associated with interpreting interactions between two continuous variables OLS regression models were run with standardized interaction terms (Aiken and West 1991; Dawson 2013; Dawson and Richter 2006; Jaccard, Turrisi and Wan 2003). Following the procedures described by Aiken and West (1991), Dawson (2013) and Dawson and Richter (2006) the variables of interest were first centered (the mean is subtracted from each case) and then standardized to a z-score. The outcomes of standardized regression coefficients allow more substantive interpretation of the magnitude of the observed interaction effects (Aiken and West 1991; Dawson 2013; Dawson and Richter 2006; Jaccard, Turrisi and Wan 2003).


Table 5-4: OLS Regression Results for Energy Source Preferences in Interaction with Cultural Worldviews
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OLS Regression results of energy source preferences with interaction effects representing different cultural subgroups of American public are presented in table 5-4. The results of the analysis show that global warming risk perceptions for some instances in interaction with cultural worldview (for individualistic and egalitarian cultural types) systematically effects energy mix preferences among respondents even when holding the influence of other co-variates on the dependent variable constant. Consistent with our theoretical expectations there is a strong negative relationship between global warming risk perception and the likelihood of preferring fossil fuels as a prime energy source when individual’s cultural worldview is held at its mean (-7.165, p < 0.001 in Model 1 and -7,151, p < 0.001 in Model 2). Similarly, we found statistically significant positive relationship between global warming risk perception and the likelihood of respondents to choose renewable energy as a primary energy source when individual’s cultural worldview is held at its mean (+9.334, p < 0.001 in Model 1 and +9.392, p < 0.001 in Model 2). We also found statistically significant negative relationship between global warming risk perception and the likelihood of selection of nuclear energy as a primary energy source preferences when individual’s cultural worldview is held at its mean (-2.170, p < 0.001 in Model 1 and -2.241, p < 0.001 in Model 2). This finding does not correspond with our initial theoretical expectations.
When observing the effect of cultural subtypes on energy source preferences when individual’s global warming risk perception is held on its mean, we do not find results consistent with our theoretical expectations. We found a statistically significant negative relationship between egalitarianism and the likelihood of respondents to choose nuclear energy as a primary energy source when individual’s global warming risk perception is held constant (-0.391, p < 0.05 in Model 1 and -0.421, p < 0.05 in Model 2). Our findings demonstrate that hierarchs have stronger preferences for fossil fuels (+0.686, p < 0.001 in Model 1 and +0.671, p < 0.001 in Model 2) and nuclear energy (+0.424, p < 0.05 in Model 1 and +0.352, p < 0.10 in Model 2) and are less likely to select renewable energy (-1.109, p < 0.001 in Model 1 and -1.023, p < 0.001 in Model 2) in the energy mix when their global warming risk perception is held on its mean. Our findings show similar results for fatalists. According to our results fatalists have stronger preferences for fossil fuels (+0.505, p < 0.05 in Model 1 and +0.509, p < 0.05 in Model 2) and nuclear energy (+0.400, p < 0.05 in Model 1 and +0.427, p < 0.001 in Model 2) and are less likely to select renewable energy (-0.905, p < 0.001 in Model 1 and -0.937, p < 0.001 in Model 2) in the energy mix when their global warming risk perception is held on its mean.
The findings of interaction effects of are consistent with our theoretical expectations. There is statistically significant and positive, yet mild interaction effect between individualistic cultural archetype on respondents’ preferences for nuclear energy sources at different values of respondents’ global warming risk perception (+0.274, p < 0.10 in Model 1 and +0.293, p < 0.10 in Model 2). Likewise, for those respondents who are more prone to egalitarian cultural worldview, we observed statistically significant and positive, but mild interaction effect on their preferences for nuclear energy sources at different values of respondents’ global warming risk perception (+0.227, p < 0.10 in Model 1 and +0.244, p < 0.10 in Model 2).
Table 5-5 shows the OLS Regression results of energy source preferences influenced by the respondents global warming risk perception in interaction with political ideology. As we had predicated respondents who have demonstrated higher global warming risk perception have little preference for energy originating from fossil fuels (-6.091, p < 0.001 in Model 3) and more likely to prefer energy originating from renewable sources (+8.196, p < 0.001 in Model 3) when their political ideology was held on its mean. These findings were true when these hypotheses were tested with demographic covariates (-6.084, p < 0.001 for fossil fuels in Model 4 and +8.294, p < 0.001 for renewable sources in Model 4). However, some of our findings are not consistent with our original theoretical expectations. Among those, first, we found a statistically significant negative relationship between respondents’ global warming risk perception and their preference for nuclear energy sources when their political ideology is held on its mean (-2.105, p < 0.001 in Model 3 and -2.210, p < 0.001 in Model 4). Second, our data demonstrates that respondents with liberal political ideology are less likely to prefer fossil fuel (+1.472, p < 0.001 in Model 3 and +1.482, p < 0.001 in Model 4) and are more likely to prefer renewable energy sources (-2.051, p < 0.001 in Model 3 and -2.068, p < 0.001 in Model 4) when their global warming risk perception is held on its mean. However, respondents with liberal political ideology are less likely to prefer nuclear energy sources (+0.579, p < 0.10 in Model 3 and +0.586, p < 0.10 in Model 4).
Finally, our findings of interaction effects are consistent with our theoretical expectations. We found a negative significant interaction effect of global warming risk perception on respondents’ renewable energy source preferences at different values of respondents’ political ideology (-0.618, p < 0.10 in Model 3). However, this is a mild interaction effect and it did not hold true when this hypothesis was tested along with other demographic covariates (Model 4).











Table 5-5: OLS Regression Results for Energy Source Preferences in Interaction with Political Ideology.
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There are some noteworthy results when testing our proposed hypotheses with demographic covariates. We found statistically significant positive relationship between respondents’ preferences for nuclear energy sources and their gender (+3.646, p < 0.001 in Model 2 and +3.668, p < 0.001 in Model 4), Hispanic race (+2.971, p < 0.05 in Model 2 and +3.030, p < 0.05 in Model 4), income (+0.236, p < 0.05 in Model 2 and +0.228, p < 0.05 in Model 4) and level of education (+0.453, p < 0.10 in Model 2). We also found statistically significant negative relationship between respondents’ preferences for renewable energy sources and their gender (-2.587, p < 0.10 in Model 2 and -3.076, p < 0.05 in Model 4) and income (-0.442, p < 0.001 in Model 2 and -0.398, p < 0.05 in Model 4).
Up until now, we explored how beliefs about global warming influence individuals’ energy source preferences based on their cultural worldview and political ideology. We also look at the predicted probabilities of respondents’ preferences for energy sources contingent upon their strong cultural subtype (2 points higher than the mean).

Figure 5-2. The Probability of Energy Source Preference among Cultural Subgroups
[image: ]
	Red – hierarchs
Blue – individualists
	Green – egalitarians
Grey – fatalists
	Black – non-affiliated respondents




As we can see from figure 5- 2, for each value of global warming risk perception the predicted probability of energy source preferences among respondents is consistent with the results discussed above and presented in model 1 and model 2 in Table 5-4.







Figure 5-3. The Probability of Energy Source Preference among Strong Cultural Subgroups
       [image: ]
	Red – hierarchs
Blue – individualists
	Green – egalitarians
Grey – fatalists
	Black – non-affiliated respondents




However, when we looked at subgroups with stronger cultural archetypes (4 points higher than the mean) we have a different result (figure 5-3). While the slope for hierarchs remains almost unchanged, except for their preferences for renewable energy (the slope is steeper), for individualists: the negative slope becomes steeper for their preferences for fossil fuel energy sources and the intercept changes for their preferences for nuclear energy. Here we see that for stronger egalitarians energy source preferences do not seem to be connected with their global warming risk perception.








Figure 5-4. The Probability of Energy Source Preference among Ideological Subsets
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	Red – strongly liberal
Blue – liberal
	Green – middle of the road
	Grey – conservative
Black – strongly conservative



In figure 5-4, the predicted probabilities of the respondents’ preferences of energy sources contingent upon their political ideology demonstrate that liberal respondents are less likely to select fossil fuel energy sources and more likely to prefer renewable energy. While former finding is consistent with our theoretical expectations we also find some inconsistencies. Conservative respondents, although with less steep slope, yet do not prefer fossil fuels and do prefer renewable energy when concerned with global warming. While historically people on the right side of the ideological spectrum have been more supportive for nuclear energy sources, we only have enough evidence to support this claim among stronger conservative respondents in our sample.
Conclusion
Overall, our findings demonstrate that there is a strong link between individuals global warming risk perception and their energy source preference. Individuals who are more concerned with global warming do not tend to prefer energy coming from fossil fuel and logically do prefer energy originating from renewable sources. It is interesting to note, that respondents who are concerned for the environment and do not prefer fossil fuels, do not see nuclear energy as a solution for climate change either. Believing in global warming and climate change does not impact public support for nuclear energy. Instead it supports public preferences for renewable energy sources. This observation is true for different subgroups of respondents varying both in their cultural archetypes and political ideology. 
Consistent with previous literature respondents with higher egalitarian cultural worldview did consider nuclear energy as a solution to climate change. Likewise, we found that respondents leaning to conservative political ideology are more likely to give higher preference to fossil fuels and nuclear energy and less likely to prefer renewable energy.
The results of this study make us believe that the strength of nuclear impasse seems to be undefeatable. Even though nuclear energy could be viewed as a solution to climate change it does not seem to be a viable option among American public. The shift of the image of the nuclear energy was radical after the Three Mile Island incident (Baumgartner and Jones 1993). While support for nuclear energy consumption has been increasing in 2009 this was not the case after the Fukushima accident (Jones 2009). This resulted in reinforcement of the fear from nuclear accidents, which in its turn had its impact on public preferences for nuclear energy (Lynas 2013). 
Although nuclear energy is considered to be a solution for global climate change even among environmental activists; general public still holds its inhibitions towards nuclear energy (Lynas 2013, Jenkins, Nordhaus & Shellenberger 2011). Recent scientific evidence in global warming resulted in the creation of green grassroots organization even by politically conservative groups rooted in the realization that the earth belongs to everyone irrespective to their political ideology.[footnoteRef:20] Yet, cognitive biases and stigma associated with social amplification of risk is deeply engrained in American public (Kasperson, Jhaveri, and Kasperson 2001). Interestingly enough, male respondents showed more support for nuclear energy. This finding again is in line with risk perception literature that has found that fear is more embedded among females than among males (Finucane, et al. 2000; Kahan, et al. 2010). Along these lines our data showed that people with higher level of education and higher income are more likely to demonstrate higher preferences for nuclear energy. This is a noteworthy finding as it shows that once people are more educated or have a higher social status they are less likely to be scared from nuclear energy as they have more understanding about the treatment and safety of nuclear waste storage. This directs us to the conclusion that only more knowledge and education about the potential of nuclear energy, and the safety of nuclear waste storage will help us getting past the nuclear impasse. [20: Among many others: Center for Climate Change Communication: https://www.climatechangecommunication.org/portfolio-view/bob-inglis/;
Conservatives for Clean Energy. https://www.cleanenergyconservatives.com/about/
] 



Table 5-A1: Study Variables and Measures

	Variable
	Measure

	Dependent variable
	Energy Mix
(must sum to 100)
	What percent of our electricity should come from fossil fuels, which currently provide about 65% of total U.S. electricity?

	
	
	What percent of our electricity should come from nuclear energy, which currently provides about 20% of total U.S. electricity?

	
	
	What percent of our electricity should come from renewable sources (hydroelectric dams, wood, biofuels, wind, waste products, geothermal, and solar), which currently provide about 15% of total U.S. electricity?

	Independent variables
	Risk of global warming
	On a scale from zero to ten, where zero means no risk and ten means extreme risk, how much risk do you think global warming poses for people and the environment? (half of the respondents, other half had to choose on scale from one to five)

	
	Cultural orientation
	Please rate the degree to which each of the following four groups of statements describes your outlook on life, using a scale from zero to ten, where zero means not at all and ten means completely

	
	
	Hierarchism - I am more comfortable when I know who is, and who is not, a part of my group, and loyalty to the group is important to me. I prefer to know who is in charge and to have clear rules and procedures; those who are in charge should punish those who break the rules. I like to have my responsibilities clearly defined, and I believe people should be rewarded based on the position they hold and their competence. Most of the time, I trust those with authority and expertise to do what is right for society.

	
	
	Individualism - Groups are not all that important to me. I prefer to make my own way in life without having to follow other peoples’ rules. Rewards in life should be based on initiative, skill, and hard work, even if that results in inequality. I respect people based on what they do, not the positions or titles they hold. I like relationships that are based on negotiated “give and take,” rather than on status. Everyone benefits when individuals are allowed to compete.

	
	
	Egalitarianism - My most important contributions are made as a member of a group that promotes justice and equality. Within my group, everyone should play an equal role without differences in rank or authority. It is easy to lose track of what is important, so I have to keep a close eye on the actions of my group. It is not enough to provide equal opportunities; we also have to try to make outcomes more equal.

	
	
	Fatalism- Life is unpredictable and I have very little control. I tend not to join groups, and I try not to get involved because I can't make much difference anyway. Most of the time other people determine my options in life. Getting along is largely a matter of doing the best I can with what comes my way, so I just try to take care of myself and the people closest to me. It's best to just go with the flow, because whatever will be will be.

	
	Political ideology
	On a scale of political ideology, individuals can be arranged from strongly liberal to strongly conservative. Which of the following categories best describes your views? (1=strongly liberal and 7=strongly conservative).

	Control variables
	Demographic characteristics
	Age measured in years

	
	
	Gender measured 1=male and 0=female

	
	
	Race 1=white, Hispanic; 0=non-white, non-Hispanic 

	
	
	The highest level of education completed (1=lower than high school; 8=PhD / JD (law) / MD

	
	
	Total estimated household income (1=up to $10,000 to 21=more than $200,000).






Chapter 6. Conclusion
As nuclear stalemate in USA is protracted and incessant, this dissertation studies what is at the nucleus of this impasse – “the NIMBY syndrome” or the local opposition to SNF siting proposals. Scholarship examining “the NIMBY syndrome” has explained individual decision making among local community members by two modes of determining factors. One set of arguments about local opposition to SNF siting uses rational choice models. In their explanations these scholars focus on individuals’ proximity to the site as a proxy for perceived costs (Hindmore 2010; Jenkins-Smith and Kunreuther 2001; Riker 1990). The other category of explanations about local opposition of community members uses models based on behavioral economics and consider the central role of psychological biases and heuristics in shaping individuals’ views and beliefs for policy preferences (Tversky and Kahneman 1974; Kahneman and Tversky 2013). While recognizing the value of these sophisticated models, I argue in this dissertation, that we need to focus on the impact of NIMBY on decision-making from a broader public policy perspective. I incorporate “political” variables in the study of NIMBYism syndrome and conventionally name this model of the individual as “homo-politicus.”

Figure 6-1. The Preference Formation Factors for “Homo-Politicus” Model of the Individual

Figure 6-1 reveals that following the tradition of the one of the major theories of the policy process I assume public policy preferences within nuclear policy domain are formulated based on individuals’ deep core beliefs that serve as a foundation for the formulation of their more specific SNF policy positions (Jenkins-Smith et al. 2017; Jenkins-Smith et al. 2014a). This model accounts for the impact of political ideology in the formulation of hierarchically structured complex belief systems and assumes that the individual is boundedly rational (Lindblom 1959; Simon 1985, Jones 2001; Ripberger et al. 2014; Jenkins-Smith et al. 2014b). These theoretical discussions are presented in chapter 1 of this dissertation.
As mentioned above, debate about SNF disposal has evolved through years in USA and has come to a stalemate due to public opposition to the proposed policy options. Therefore, in chapter 2 of this dissertation I review the literature about the role of public opinion in the democracy in general and in the policy process in particular. Figure 2-2 demonstrates that voters/citizens, who are the subject of the study in this dissertation are one of four “extra-governmental” entities that play a decisive role in “inter-governmental” policy making process.
Consequently, in chapter 3 of this dissertation I track the evolution of public preferences in SNF disposal siting over time by using data from nationwide surveys of American public form 2006-2019 collected by the National Institute of Risk and Resilience at the University of Oklahoma. By employing descriptive time series analysis I first examine how public perception in SNF siting preferences evolve over time in parallel with public risk perceptions, trust in government and knowledge in nuclear waste management technologies. The evolution of public nuclear energy risk perceptions over time reveals increasing trends in parallel with benefit perceptions exposing decreasing trends.
 In addition, I employ explanative time series analysis to test hypotheses to determine whether public risk and benefit perceptions, trust in government and knowledge about nuclear energy have caused changes in public preferences in SNF storage and disposal policy options over time. The results of times series cross correlation analyses show that increased risk perceptions in nuclear waste transportation over time negatively affect public support for SNF deep geologic disposal five years later. I also find that increased benefit perceptions in reduced mining is likely to lead an above average support for SNF onsite storage policy option 1 year later. These findings imply that, within a representative political system like that of the U.S., changes in perceptions and awareness might also result in policy change in the long run. Prior studies in this area have been cross sectional. This chapter makes a major contribution to the literature by looking at causal relationships between risk perceptions and policy support over time. While the resolution of the nuclear stalemate seems far-fetched these findings imply that changes in public perceptions and awareness in the long run may result in policy change (Gupta and Jenkins-Smith 2015).
As a follow up of the above discovery, as question comes up: does highly contested local SNF siting policy issue have the potential of reshaping partisan positions? Chapter 4 of this dissertations aims to answer this question in a difference-in-differences design by utilizing voting behavior and election turnout data for presidential general elections from 1970s to 2016 for 17 counties in Nevada. Overall, the empirical analyses reveal that the enactment of NWPA of 1982 is associated with 7 percentage point increase in republican vote and decrease in democratic vote at the same rate in the counties that are geographically affected by SNF disposal policy. While this direction of change is opposite to my initial expectations, an and implication of this study is that local policy preferences and concerns in the long run have the potential to reshape local political landscape by changing public ideological dispositions and shifting their partisan preferences. This study does not find a confirmation of the issue orientation hypothesis and reveals that while nuclear policy has been a salient issue in the state of Nevada from 1980s it is unclear whether preferences are formed based on partisan identification or issue orientation. While we did find change in voting behavior however we still need to discover whether these results hold if test them along with control variables. The second theoretical contribution of this chapter is the validation of the proposition about policies feeding back into the political environment and reformulating the distribution and shape of that environment. The evidence found in this chapter indirectly demonstrates the powerful role that voters/citizens play in the policy making process depicted in figure 2-2 in this dissertation.
Finally, in chapter 5 of this dissertation I retract from the narrow policy issue of SNF and approach the nuclear stalemate from a broader perspective: I wonder whether public support in nuclear energy production is conditioned by their belief in climate change. In this chapter I utilize data of over 2000 respondents collected in May 2017 by the National Institute of Risk and Resilience at the University of Oklahoma in a nationwide annual Internet survey series to measure public preferences on Energy and Environmental policy. Overall, the findings of this chapter demonstrate that there is a strong link between individuals’ global warming risk perception and their energy source preference. Individuals who are more concerned with global warming do not tend to prefer energy coming from fossil fuel or nuclear sources. Instead, their preferred energy sources are renewables. This is an interesting finding in itself because many environmental groups and policy makers recently view nuclear energy as a solution to climate change (IPCC 2018). However, these sentiments are not reflected yet in general public. Belief in global warming and climate change does not impact public support for nuclear energy. This observation is also true for different subgroups of respondents varying both in their cultural archetypes, partisanship and political ideology.
Thus, the final empirical chapter of this dissertation attests that the strength of nuclear impasse seems to be undefeatable for the American public. While the nuclear might be “the power to save the world” from the climate change (Cravens 2010; Lynas 2013), the “nuclear imperative” is the stalemate of the SNF disposal in USA (Carter 2015). In this final concluding chapter of this dissertation I contest that the nuclear impasse in its essence is a tangle of governance[footnoteRef:21] problems and processes. The development of SNF disposal revolves in the policy process, yet, its acceptance is conditioned by the actions of the advocacy and non-profit groups, and by the management practices of public and private officials (Lynas 2013; Shaw 2011; Mulligan 2011). Any policy, while developed through the policy process, relies on public management for its implementation (Weible and Carter 2017). In addition, it is necessary to acknowledge the impact the actions and interests of various stakeholders make in the nuclear policy subsystem. All these considerations and omitted factors will be taken into account in the follow up studies in my future research. The role of public opinion in the nuclear policy process and its potential impact on policy change is one modest contribution in understanding the governance of SNF disposal policy and its potential impact on public management. [21:  I follow Weible and Carter’s (2017) definition of the term “governance” in reference to studies that focus on politics and government, specifically, while also including scholarship on public policy, public management, and the roles of nonprofits therein, as well as societal outcomes that result from these ordered processes and collective actions (Kettle, 2000; Stoker, 1998).] 
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Figure 2. The Political Environment of USA according to Systems Approach 
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Nuclear Waste Transportation/Storage Risks & SNF Deep 
Geologic Storage 



 
Figure 6: Risks of Nuclear Waste Transportation/Storage and 
SNF Deep Geologic Storage. The figure provides visual depiction 
of the cross correlation dependencies between the two series. 



 



−4 −2 0 2 4



−0
.5



0.
0



0.
5



Lag



C
ro
ss
−c
or
re
la
tio
n



drsk2 & deep











image11.emf



Figure 3-8: Benefits of Reduced Mining & 
Support for SNF Onsite Storage 



Figure 3-9: Benefits of Reduced Mining & 
Support for SNF Interim Storage 
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Figure 3-10: Trust in the Department of 
Energy & Support for SNF Deep Geologic 



Storage 



Figure 3-11: Trust in the National Labs & 
Support for SNF Deep Geologic Storage 
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Figure 3-12. Trust in the EPA & Support for 
SNF Onsite Storage 



Figure 3-13. Trust in the EPA & Support for 
SNF Interim Storage 
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Figure 3-14. Trust in the NRC & Support for 
SNF Onsite Storage 



Figure 3-15. Trust in the NRC & Support for 
SNF Interim Storage 
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Figure 3-16. Knowledge about Actual SNF 
Storage Processes & Support for Interim 



Storage 



Figure 3-17. Knowledge about Actual SNF 
Storage Processes & Support for Onsight 



Storage 
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Figures 3-18. Knowledge about Actual SNF Storage 
Processes & Support for Deep Geologic Storage 
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Figure 4-2. Coefficient Plot for Event-Study Model Testing the Effect of NWPA on Democratic Votes 



 
Note: All pre-treatment dummies jointly significant at 0.01 level. 
 



 
Figure 4-3. Coefficient Plot for Event-Study Model Testing the Effect of NWPA on Republican Votes 



 
Note: All pre-treatment dummies jointly significant at 0.01 level. 



 










Figure 4-2. Coefficient Plot for Event-Study Model Testing the Effect of NWPA on Democratic Votes 

 

Note: All pre-treatment dummies jointly significant at 0.01 level. 

 

 

Figure 4-3. Coefficient Plot for Event-Study Model Testing the Effect of NWPA on Republican Votes 

 

Note: All pre-treatment dummies jointly significant at 0.01 level. 
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Table 1. Variables and Models 



Dependent 
variable Energy Mix 



Preferred percentage of electricity originating 
from fossil fuels 



Models 1, 
2, 3, and 4 



Preferred percentage of electricity originating 
from nuclear energy 



Preferred percentage of electricity originating 
from renewable sources 



Independent 
variable GCCRisk 



Culture as interactive 
term 



Hierarchism 



Models 1 
and 3 



Individualism 
Egalitarianism 
Fatalism 



Ideology as 
interactive term 



Liberal 
Conservative 
Middle of the road 



Control 
variable 



Demographic 
characteristics 



Age 



Models 2 
and 4 



Gender 
Race 
Education 
Income 
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Table 3. Frequency Table 
 



Variable n Category (%) 
Gender 2004 Female (53.194%) Male (46.806%) 
Race 1983 White (78.366%) Nonwhite (21.633%) 
Hispanic 1983 No (84.871%) Yes (15.129%) 



 
	










Table 3. Frequency Table 

 

Variable  n  Category (%) 

Gender  2004  Female (53.194%)  Male (46.806%) 

Race  1983  White (78.366%)  Nonwhite (21.633%) 

Hispanic  1983  No (84.871%)  Yes (15.129%) 

 

	


image24.emf



Table 4. OLS Regression Results: Interactions with Cultural Theory 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 



*p < 0.10. **p < 0.05. ***p < 0.001. Standard errors in parentheses. 
	



Independent 
Variable 



Dependent Variable – Energy Source Preferences 
Model 1 Model 2 



Fossil 
Fuel 



Nuclear 
Energy 



Renewable 
Sources 



Fossil 
Fuel 



Nuclear 
Energy 



Renewable 
Sources 



GCC risk -7.165*** 
(0.452) 



-2.170*** 
(0.356) 



9.334*** 
(0.560) 



-7.151*** 
(0.453) 



-2.241*** 
(0.352) 



9.392*** 
(0.559) 



Individualism -0.007 
(0.168) 



-0.173 
(0.133) 



0.181 
(0.209) 



-0.005 
(0.169) 



-0.189 
(0.131) 



0.184 
(0.208) 



Egalitarianism 0.235 
(0.171) 



-0.391** 
(0.135) 



0.156 
(0.212) 



0.257 
(0.171) 



-0.421** 
(0.133) 



0.164 
(0.212) 



Hierarchism 0.686*** 
(0.177) 



0.424** 
(0.139) 



-1.109*** 
(0.219) 



0.671*** 
(0.177) 



0.352* 
(0.138) 



-1.023*** 
(0.219) 



Fatalism 0.505** 
(0.162) 



0.400** 
(0.128) 



-0.905*** 
(0.201) 



0.509** 
(0.164) 



0.427*** 
(0.127) 



-0.937*** 
(0.202) 



GGC risk * 
Individualism 



-0.129 
(0.146) 



0.274* 
(0.115) 



-0.145 
(0.181) 



-0.120 
(0.146) 



0.293* 
(0.113) 



-0.174 
(0.181) 



GGC risk * 
Egalitarianism 



-0.061 
(0.144) 



0.227* 
(0.114) 



-0.167 
(0.179) 



-0.060 
(0.144) 



0.244* 
(0.112) 



-0.184 
(0.178) 



GGC risk * 
Hierarchism 



0.222 
(0.152) 



-0.096 
(0.120) 



-0.125 
(0.188) 



0.215 
(0.152) 



-0.098 
(0.118) 



-0.117 
(0.188) 



GGC risk * 
Fatalism 



-0.070 
(0.141) 



0.134 
(0.111) 



-0.064 
(0.175) 



-0.079 
(0.142) 



0.138 
(0.110) 



-0.059 
(0.175) 



Gender 
(1=Male) 



   -1.059 
(0.929) 



3.646*** 
(0.722) 



-2.587* 
(1.148) 



Race 
(1=white) 



   0.249 
(0.355) 



0.007 
(0.276) 



-0.256 
(0.438) 



Hispanic 
(1=yes) 



   -1.456 
(1.318) 



2.971** 
(1.024) 



-1.515 
(1.628) 



Education    -0.433 
(0.263) 



0.453* 
(0.205) 



-0.019 
(0.325) 



Income    0.206 
(0.108) 



0.236** 
(0.084) 



-0.442*** 
(0.134) 



Intercept 28.690 
(0.463) 



19.176 
(0.365) 



52.134 
(0.574) 



29.484 
(1.280) 



13.600 
(0.994) 



56.916 
(1.581) 



Adjusted R2 0.137 0.040 0.162 0.138 0.068 0.170 
Degrees of 
freedom 



1916 1916 1916 1911 1911 1911 
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*p < 0.10. **p < 0.05. ***p < 0.001. Standard errors in parentheses. 

	

Independent 

Variable 

Dependent Variable – Energy Source Preferences 

Model 1  Model 2 

Fossil 

Fuel 

Nuclear 

Energy 

Renewable 

Sources 

Fossil 

Fuel 

Nuclear 

Energy 

Renewable 

Sources 

GCC risk  -7.165*** 

(0.452) 

-2.170*** 

(0.356) 

9.334*** 

(0.560) 

-7.151*** 

(0.453) 

-2.241*** 

(0.352) 

9.392*** 

(0.559) 

Individualism  -0.007 

(0.168) 

-0.173 

(0.133) 

0.181 

(0.209) 

-0.005 

(0.169) 

-0.189 

(0.131) 

0.184 

(0.208) 

Egalitarianism  0.235 

(0.171) 

-0.391** 

(0.135) 

0.156 

(0.212) 

0.257 

(0.171) 

-0.421** 

(0.133) 

0.164 

(0.212) 

Hierarchism  0.686*** 

(0.177) 

0.424** 

(0.139) 

-1.109*** 

(0.219) 

0.671*** 

(0.177) 

0.352* 

(0.138) 

-1.023*** 

(0.219) 

Fatalism  0.505** 

(0.162) 

0.400** 

(0.128) 

-0.905*** 

(0.201) 

0.509** 

(0.164) 

0.427*** 

(0.127) 

-0.937*** 

(0.202) 

GGC risk * 

Individualism 

-0.129 

(0.146) 

0.274* 

(0.115) 

-0.145 

(0.181) 

-0.120 

(0.146) 

0.293* 

(0.113) 

-0.174 

(0.181) 

GGC risk * 

Egalitarianism 

-0.061 

(0.144) 

0.227* 

(0.114) 

-0.167 

(0.179) 

-0.060 

(0.144) 

0.244* 

(0.112) 

-0.184 

(0.178) 

GGC risk * 

Hierarchism 

0.222 

(0.152) 

-0.096 

(0.120) 

-0.125 

(0.188) 

0.215 

(0.152) 

-0.098 

(0.118) 

-0.117 

(0.188) 

GGC risk * 

Fatalism 

-0.070 

(0.141) 

0.134 

(0.111) 

-0.064 

(0.175) 

-0.079 

(0.142) 

0.138 

(0.110) 

-0.059 

(0.175) 

Gender 

(1=Male) 

      -1.059 

(0.929) 

3.646*** 

(0.722) 

-2.587* 

(1.148) 

Race 

(1=white) 

      0.249 

(0.355) 

0.007 

(0.276) 

-0.256 

(0.438) 

Hispanic 

(1=yes) 

      -1.456 

(1.318) 

2.971** 

(1.024) 

-1.515 

(1.628) 

Education        -0.433 

(0.263) 

0.453* 

(0.205) 

-0.019 

(0.325) 

Income        0.206 

(0.108) 

0.236** 

(0.084) 

-0.442*** 

(0.134) 

Intercept  28.690 

(0.463) 

19.176 

(0.365) 

52.134 

(0.574) 

29.484 

(1.280) 

13.600 

(0.994) 

56.916 

(1.581) 

Adjusted R2  0.137  0.040  0.162  0.138  0.068  0.170 

Degrees of 

freedom 

1916  1916  1916  1911  1911  1911 
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Table 5. OLS Regression Results: Interactions with Political Ideology 



 
Independent 
Variable 



Dependent Variable – Energy Source Preferences 
Model 3 Model 4 



Fossil 
Fuel 



Nuclear 
Energy 



Renewable 
Sources 



Fossil 
Fuel 



Nuclear 
Energy 



Renewable 
Sources 



GCC risk -6.091*** 
(0.509) 



-2.105*** 
(0.402) 



8.196*** 
(0.633) 



-6.084*** 
(0.510) 



-2.210*** 
(0.398) 



8.294*** 
(0.631) 



Political ideology 1.472*** 
(0.313) 



0.579* 
(0.247) 



-2.051*** 
(0.389) 



1.482*** 
(0.315) 



0.586* 
(0.246) 



-2.068*** 
(0.390) 



GGC risk*ideology 0.392 
(0.250) 



0.226 
(0.197) 



-0.618* 
(0.310) 



0.370 
(0.250) 



0.219 
(0.195) 



-0.589 
(0.309) 



Gender (1=Male)    -0.592 
(0.933) 



3.668*** 
(0.727) 



-3.076** 
(1.154) 



Race (1=white)    0.612 
(0.357) 



0.089 
(0.279) 



-0.701 
(0.442) 



Hispanic (1=yes)    -1.449 
(1.318) 



3.030** 
(1.028) 



-1.581 
(1.631) 



Education    -0.451 
(0.264) 



0.38647 
(0.206) 



0.065 
(0.327) 



Income    0.170 
(0.109) 



0.228** 
(0.085) 



-0.398** 
(0.135) 



Intercept 29.049 
(0.497) 



19.478 
(0.393) 



51.473 
(0.618) 



29.347 
(1.287) 



14.090 
(1.003) 



56.563 
(1.592) 



Adjusted R2 0.131 0.028 0.151 0.131 0.055 0.160 
Degrees of freedom 1914 1914 1914 1909 1909 1909 



*p < 0.10. **p < 0.05. ***p < 0.001. Standard errors in parentheses. 
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Independent 

Variable 

Dependent Variable – Energy Source Preferences 

Model 3  Model 4 

Fossil 

Fuel 

Nuclear 

Energy 

Renewable 

Sources 

Fossil 

Fuel 

Nuclear 

Energy 

Renewable 

Sources 

GCC risk  -6.091*** 

(0.509) 

-2.105*** 

(0.402) 

8.196*** 

(0.633) 

-6.084*** 

(0.510) 

-2.210*** 

(0.398) 

8.294*** 

(0.631) 

Political ideology  1.472*** 

(0.313) 

0.579* 

(0.247) 

-2.051*** 

(0.389) 

1.482*** 

(0.315) 

0.586* 

(0.246) 

-2.068*** 

(0.390) 

GGC risk*ideology  0.392 

(0.250) 

0.226 

(0.197) 

-0.618* 

(0.310) 

0.370 

(0.250) 

0.219 

(0.195) 

-0.589 

(0.309) 

Gender (1=Male)        -0.592 

(0.933) 

3.668*** 

(0.727) 

-3.076** 

(1.154) 

Race (1=white)        0.612 

(0.357) 

0.089 

(0.279) 

-0.701 

(0.442) 

Hispanic (1=yes)        -1.449 

(1.318) 

3.030** 

(1.028) 

-1.581 

(1.631) 

Education        -0.451 

(0.264) 

0.38647 

(0.206) 

0.065 

(0.327) 

Income        0.170 

(0.109) 

0.228** 

(0.085) 

-0.398** 

(0.135) 

Intercept  29.049 

(0.497) 

19.478 

(0.393) 

51.473 

(0.618) 

29.347 

(1.287) 

14.090 

(1.003) 

56.563 

(1.592) 

Adjusted R2  0.131  0.028  0.151  0.131  0.055  0.160 

Degrees of freedom  1914  1914  1914  1909  1909  1909 

*p < 0.10. **p < 0.05. ***p < 0.001. Standard errors in parentheses. 
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Figure 1. Continuum of micro-foundation of individual decision making 
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