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Much of the risk perception literature relies on the important but unstated assumption that manipulating public opinion to conform to scientific assessments of risk could help the public and, in turn, policymakers make better decisions about whether and how to regulate.
  This paper argues that the assumption fails in the context of certain “multilayered” risks, or risks that pose tiered policy choices – not just whether to regulate in the first instance, but how to respond to derivative risks arising from the first set of regulatory changes.  Examining the debate about the role of nuclear power in the United States’ approach to climate change, the paper observes that first- and second-tier risks often differ in character, or require different types of regulatory solution (market-based versus command-and-control).  Due to these variations, the public may hold starkly different views about regulation of each tier, and those views may be differently “sticky” – that is, differently susceptible to persuasion.
In the context of the nuclear power debate, this tiering of opinion has perverse implications.  The first-tier risks of nuclear power are those associated with individual reactors, including the risks of accident or terrorist attack; the second-tier risks are those associated with mining, transport, processing, storage, and disposal of radioactive materials.  Recent work asserts that despite entrenched public fear of nuclear power, it may be possible to induce people to support construction of low-emissions reactors as a strategy for mitigating climate change.  But even if policymakers could employ the risk education strategies discussed in the literature to shift public opinion in favor of economic incentives for nuclear reactor development, there is no reason to think such strategies would be equally effective at changing attitudes toward second-tier risks and the command-and-control regulations necessary to address them.  To the contrary, many people would likely continue to oppose certain types of government action on these latter problems, even assuming the complete success of the hypothesized first-tier education strategy.  As a result, the United States could find itself with a thriving nuclear power sector, but without the political will to address the grave collateral risks.
These observations lead to two conclusions, one related to the nuclear power example, and one to risk regulation more broadly.  First, differently sticky public attitudes toward first- and second-tier nuclear risks and their regulatory solutions may defeat any effort to respond to climate change by significantly and safely increasing U.S. reliance on nuclear power.  Second, efforts to change public risk perceptions may not advance a regulatory agenda, and may even prove counterproductive.   Specifically, where multiple risk layers exist, a successful first-tier education effort and consequent policy changes could create or expose second-tier risks that defy regulatory solution, leaving policymakers stranded at the abrupt and unexpected end of a half-built bridge.  Depending on the gravity of the second-tier risks, this regulatory dead end could be one that neither policymakers nor the public would have chosen ex ante.
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I. Introduction

In the last few decades, social scientists and behavioral economists have made considerable progress in understanding public attitudes toward environmental and health risks, and explaining the persistent split between experts’ and ordinary people’s perceptions of such risks.
  To date, much of the research has focused on the biases and mental rules-of-thumb (or “heuristics”) that underlie this split.  Studies suggest, for example, that people underestimate the risks of beneficial activities,
 and of activities they undertake voluntarily.
  In contrast, they overestimate risks imposed involuntarily,
 and risks associated with activities of which they normatively disapprove.
  Also, unsurprisingly, people fear risks associated with vividly documented catastrophes far more than equally significant risks that have not recently made the front pages.

Most scholars now agree about the effects of these biases and heuristics,
 though they debate whether such mental shortcuts are best understood as limits – “bounds” – on people’s reason,
 or instead as reflections of individuals’ cultural identities.
  The former view, termed “bounded rationality,” conceives of individuals as rational evaluators of risk whose estimations are skewed by perceptual and cognitive biases, but not (in the first instance, at least) by “culture.”
  In contrast, advocates of the “cultural cognition” model assert that “cultural worldviews permeate all of the mechanisms through which individuals apprehend risk, including their emotional appraisals of putatively dangerous activities, their comprehension and retention of empirical information, and their disposition to trust competing sources of risk information.”

Armed with this basic (if still disputed) understanding of what drives public attitudes toward risks, policymakers are now positioned to address a more prescriptive set of questions, all of which fall under a single broad heading: “How and how much”
 should government respond to arguably-misplaced public fear?  For example, should regulators take a “technocrat[ic]” approach, ignoring “public irrationality … and … respond[ing] to fear if and to the extent that it is anchored in reality”?
  Should they instead adopt a “populist” approach and “respond to public concerns, simply because they are public concerns”?
  Or is there a middle ground?  Can regulators devise strategies to bring the public’s perceptions closer in line with the experts’ calculations, and then regulate whatever risks the public continues to fear?  Does the “right” type and level of regulation
 depend on the “extent of the fear and the cost of the response”?

This paper contends that one cannot begin to answer these prescriptive questions without looking closely at the nature and structure of the particular risks at issue in any given regulatory debate.  To make this point, the paper considers a high-profile contemporary issue
 – whether the United States should promote nuclear power as a substantial piece of the country’s climate change strategy.  
In brief, the terms of this debate are as follows:  Nuclear industry proponents claim that, in light of the increasing scientific certainty that climate change poses a real and substantial threat to human health and welfare, the United States should promote rapid and significant growth of the nuclear sector.  They point out that nuclear plants do not burn fuel and therefore emit no combustion byproducts like carbon dioxide (one of the so-called greenhouse gases most responsible for climate change).
  Indeed, even if one takes uranium mining, transport, processing, storage, and disposal into account, most analysts agree that nuclear has greenhouse gas advantages over energy sources like coal and natural gas, and is competitive with alternatives like wind power.
  Industry opponents, on the other hand, argue that nuclear facilities are not cost-effective, and that the dangers of nuclear power – including safety and proliferation risks and radioactive waste generation – outweigh any putative climate change benefits.

This much of the debate has been widely reported, but one further point bears emphasis here.  As discussed in section III.A.3 below, scientists who have evaluated the so-called “nuclear option” have concluded that making nuclear power a nonnegligible piece of our climate change strategy would require construction of about ten large nuclear facilities somewhere in the country every year, and a corresponding expansion of uranium exploration, mining, transport, processing, storage, and disposal operations.  Thus, the policy question we currently face – and the only question this paper considers – is not the wisdom of constructing a few new nuclear plants somewhere in the country over the next few years,
 but that of amending regulatory regimes to promote historically unprecedented expansion of the sector as a response to climate change. 

It should be apparent that, in the current political climate, such a large scale national commitment to nuclear power would be virtually impossible.
  The question, then, is whether policymakers could increase public acceptance of nuclear energy by educating people about the risks of climate change and about nuclear power’s relative greenhouse gas advantages,
 and if so, whether that is an advisable approach.

To investigate that question, this paper supposes two alternative risk education strategies, one that attempts to overcome identified “bounds” on lay people’s assessments of risk, and one that learns the lessons of cultural cognition.  Both strategies have the same hypothesized aim: to convince the public that the risks of nuclear power are preferable to (or less significant than) those of climate change, and therefore that the United States should wholeheartedly embrace regulatory changes that streamline development of new nuclear facilities to meet our ever-growing energy needs.

Would either campaign succeed?  The risk perception literature suggests two possible answers to this question, neither of which is hopeful for the nuclear industry.  First, the education strategies might simply fail.  Take the bounded-rationality campaign.  As discussed below, nuclear power embodies many of the traits that engender an instinctive or affective negative response.  As a result, campaign subjects might hold tight to their instinctive fears of nuclear technology in spite of their increased analytical understanding of the consequences of a warming planet.  

The cultural cognition campaign, too, might fail, because the same cultural “types” that (according to the model) are predisposed to fear climate change are also more likely to fear nuclear power, while the types that are predisposed to support nuclear energy are correspondingly less likely to be convinced that greenhouse gases pose a serious risk.
  Rather than overcoming cultural differences in perceptions of the two risks, therefore, the campaign could instead drive opposing groups to their corners.
This first outcome – outright failure – conveys a simple lesson: In deciding what to do about risks that the public arguably misfears, regulators must consider the relative stickiness of the public’s attitudes.  For risks that trigger few of our innate or cultural biases, the most democratic and cost-effective approach may be to devise procedures to bring public perceptions in line with expert opinion, and then to regulate only as much as the experts advise.  For risks that trigger many biases, however, there is reason to suppose any such education effort would fail, leaving regulators to confront squarely the difficult question posed above – how and how much to regulate in the face of contrary public opinion.

The more interesting possible outcome of the hypothesized education strategies, however, is not failure but partial success.  Potentially, either strategy could succeed, but only to a point.  Subjects could learn to accept some first-tier nuclear power regulations – say, regulations that promote development of new reactors at existing facilities that have been operating safely for years, or that provide tax incentives and liability coverage for development of new facilities.
  These first-tier regulations would allow the nuclear sector to grow, thereby augmenting derivative risks like safety, proliferation, and radioactive waste.  But each of these derivative risks would require its own regulatory solutions, ranging from stricter guidelines for terrorism-resistant plant construction to streamlined procedures for siting and licensing of waste facilities.

Individuals who supported the first-tier market-stimulus regulations might feel differently about these equally necessary, second-tier command-and-control regulations.  This shift in attitude could result in two ways.  First, people who came to see the advantages of nuclear power could prove to have stickier views toward secondary issues like radioactive waste storage and disposal.  Whether one subscribes to the bounded rationality or cultural cognition school of risk perception, there is simply no a priori reason to assume a public that learns to accept new nuclear power facilities will inevitably also surrender its fear of and opposition to new waste facilities.  At the end of day, the public’s stickier attitudes toward waste issues could well have a perverse effect: Public fear of waste facilities could lead to strong opposition to waste facility siting and development and, down the road, a less satisfactory public response to the waste problem than to the first-order issues related to new power facility construction and operation.
The second possible shift in public attitudes would only result under the cultural cognition model.  Proponents of that model argue that one way to overcome public biases is to devise policies that have “cross-cultural” appeal – that is, policies that will garner the support of a coalition of people of diverse cultural persuasions.
  Again, however, the same coalition may not support both market-based regulations to stimulate the nuclear industry and command-and-control regulations to ensure safe handling and disposal of radioactive materials.  Quite the reverse: As discussed below, any coalition that supported the former would likely prove unstable when confronted with the latter.  Again, the results could well be perverse: The coalition that supported market-based nuclear power incentives could break down when confronted with proposals for top-down regulatory mandates governing plant operation, radioactive material handling, and waste storage and disposal, thereby allowing new plants to come online well before any programs are in place to address their second-tier effects.

These observations about the consequences of a hypothetical bounded rationality or cultural cognition risk-education strategy lead to two broader conclusions.  First, pragmatically, an honest appraisal of the immense financial and regulatory investment that would be necessary to make nuclear power a significant and safe part of the United States’ climate change strategy suggests that we cannot get there from here.  Either the entrenched public fear of nuclear power will prove resistant to even the best education strategies, or – worse – those strategies will engender support for only the first round of necessary regulatory reforms, not the entire suite of reforms necessary to ensure safe growth of the sector.  Thus, absent an unusual willingness on the part of political leaders to buck public will, these scenarios suggest that the nuclear industry will either remain moribund (scenario one), or thrive but evade comprehensive regulation (scenario two).
Second, more theoretically, for multilayered risks like nuclear power, one potential cost of any initial regulatory effort is the development or augmentation of derivative risks that require their own round of regulation.  The public may prove to have stickier attitudes toward these newly uncovered risk layers than toward the principal risks, stymieing the initial risk-education strategy.  Alternatively, the second-tier risks may require different forms of regulatory solutions, thereby destabilizing the (loose) coalition that supported the first round of regulation.  Indeed, Madison all but predicted this latter dynamic in Federalist 10, when he advocated a large republic as a means of limiting the power of unruly factions.  “To state the Madisonian proposition … broadly, the danger of a stable coalition increases as the size of the political unit decreases because the areas of disagreement become fewer and the divisions in the population consequently become more fundamental and permanent.”
  This insight, salutary in the context of factional rebellion, poses a thorny problem for sensible, stepwise regulation of multilayered risks facing large polities.
Thus, to take the important step from theories that identify and characterize risk perception biases to prescriptions for public-education strategies and regulatory responses, one must have a deep and nuanced understanding of the specific risks at issue.  Prescriptions based solely on cognitive psychology may produce unexpected outcomes with costs that outweigh any anticipated benefits.
The remainder of this paper puts flesh on these bones.  Section II outlines the principal approaches to risk perception discussed in the literature.  Section III introduces the nuclear power debate and explores the potential outcomes of hypothesized risk education strategies based on the bounded rationality and cultural cognition models.  Finally, section IV extrapolates from this exercise to the broader problem of public attitudes toward layered risks.
II. Models of Public Risk Perception 

A. Background

Every day, we confront serious risks and make behavioral or policy choices that affect the magnitude of those risks.  On both the individual and public policy levels, some of those choices are easier to make than others.  Individual drivers, for example, readily choose to obey (most) red lights, thereby reducing the probability of serious accidents.  And policymakers readily choose to require manhole covers, thereby reducing the probability of fatal falls.  
But what of the harder choices – those that require significant individual or public expenditures, and those that involve risk-tradeoffs?  Many individuals may have a harder time deciding whether it is “worth it” to sell their old car and purchase a new one that meets the latest safety standards, or to get a vaccine that provides some longterm protection but poses a nonzero risk of immediate infection or other side effects.  And policymakers, too, may be uncertain whether to require that new car models incorporate an expensive safety device, or to require that all schoolchildren receive a particular live-culture vaccine.
Since the 1970s, these and related questions have stimulated lively debates about whether and when government should regulate risks.  Much of the discussion has addressed questions of scientific, economic, and political philosophy: When is it scientifically and economically “worthwhile” to regulate a risk?  And what balance should regulators strike between public safety and individual liberty?  Not surprisingly, perspectives on these issues vary widely.  Along the scientific- and economic-philosophy spectrum, the views range from those who believe that government activities should be strictly cost-justified
 to those who question the use of any form of cost-benefit analysis,
 and those who advocate instead a general “precautionary principle.”
  The political-philosophy spectrum, on the other hand, extends from those who would limit government intervention
 to those who champion a strong, even paternalistic role for regulators.

In the last few decades, advances in behavioral psychology have complicated matters by identifying a third issue for debate.  Specifically, theorists exploring the cognitive shortcuts and cultural predispositions that underlie public perceptions of risk have observed that policymakers must decide whether to respond to public fears (the “populist” view) or, at the opposite extreme, to regulate only those hazards that have a significant actual likelihood of causing serious – or at least expensive – harm to public health or welfare (the “technocratic” view).
  
This paper explores a phenomenon relevant to choosing a position in this last debate: what happens when the at-risk public responds differently to different layers of a multilayered risk.  It is worth noting, however, that having populist or technocratic leanings does not determine one’s views on the scientific, economic and political issues that complicate risk regulation.  A technocrat who firmly believes that government should respond only to “real” risks must still decide which type and level of response are scientifically and economically justified, and which are politically so.  Thus, even if we could “mak[e] public opinion conform to the best available scientific information on risk,”
 numerous hard questions would remain.
B. Why Lay and Expert Opinions Differ
1. Overview

 “Study after study shows that the public’s evaluation of risk problems differs radically from any consensus of experts in the field.”
  The push to explain these findings began over three decades ago, when psychologists studying gambling preferences began to apply their findings to “human response to natural hazards.”
  In the intervening years, numerous studies have confirmed that individuals’ assessments of risk are colored by certain perceptual and analytic biases and shortcuts.  For example, many people have an instinctive or affective reaction to risks that leads them to underestimate the risks of beneficial activities (activities with which they have positive associations) and to underestimate the benefits of risky activities.
  This mental rule-of-thumb, known as the “affect heuristic,”
 may help to explain why “feelings of dread [are] the major determiner of public perception and acceptance of risk for a wide range of hazards”: A particularly “dread” risk (that is, an uncontrollable risk, imposed involuntarily, with lethal consequences that are unfairly distributed across society) inspires strongly negative feelings that, in turn, lead individuals to assess the size of the risk as high.

In a related phenomenon, many people overestimate the risks of activities of which they disapprove (“normative bias”
).  Thus, those who vehemently oppose abortion may be more likely to believe the procedure poses dangers for pregnant women, while those who support choice may discount any such evidence as the product of junk science.

Another important mental shortcut, the “availability heuristic,”
 has less to do with the characteristics of a risk than the recency with which and manner in which it has been reported in the news.  Specifically, “people often tend to assess probabilities based on whether a relevant incidence comes easily to mind.”
  If that incidence was catastrophic, the effect is even more pronounced.
  The 2006 e-coli scare
 provides a good example: In its immediate aftermath, people were more likely to worry about eating fresh vegetables from the store than about the risk of driving to the store in the first place.

Reinforcing the availability heuristic is an interesting attribute of social interactions:  As people pass on stories about disasters, they often transmit not only objective information about the event but their own subjective fear.  As a result, fears of “available” risks often prove contagious (the “cascade effect”
).  Additionally, groups of like-minded people tend to sharpen and reinforce each other’s views about such risks, leading to “group polarization.”
  Finally, the cascade effect and group polarization have a predictable effect in the workplace, where employees’ views about risk often come to resemble those of their employer institutions (“affiliation bias”
).

2. The Bounded Rationality Model
Some theorists find these and similar biases and heuristics sufficient to explain most of what is observed about the selectivity – and occasional irrationality – of public fears.  Professor Cass Sunstein, for example, identifies five culturally neutral factors that he deems “especially pertinent” to understanding differences in risk perception “across cultures and even across nations”: (1) the availability heuristic
; (2) so-called “probability neglect,” which refers to the human tendency to worry about worst-case scenarios, no matter how improbable; (3) loss aversion, which leads people to disfavor a potential loss more than they favor an equal and opposite potential gain;
 (4) widespread belief in the benevolence of nature; and (5) “system neglect,” or the tendency to focus on the effects of a risk to the exclusion of other important regulatory considerations, like the direct costs of government intervention and the potential risk-tradeoffs that might result from such intervention.
  According to Sunstein, observed correlations between people’s cultural framework and their perceptions of risk result from these and other bounds on rationality (notably the cascade effect and normative bias) that lead individuals of similar cultural backgrounds to reach similar conclusions about risks.

Explaining this conception further, Sunstein divides the universe of risks into two categories: those that raise few political red flags (the risk of falling asleep at the wheel, say, or suffering a heart attack during exercise) and so-called “hot risks,” which are associated with issues that “trigger cultural conflicts” (for example, risks associated with abortion and gun ownership).
  To evaluate the former type of risk, he claims, individuals coolly assess the evidence, within the bounds of culturally-independent analytic shortcuts.  For hot risks, on the other hand, heuristics and biases like the cascade effect, group polarization, and normative bias
 tend to bolster existing social or political divisions, leading people to favor the views held by others in their self-identified cohort.  According to this model, then, any cultural schisms in risk perceptions are the product rather than the cause of perceptual shortcuts and biases.

Assuming for the moment that this bounded rationality model explains much of what is observed about human risk perception, how might regulators seek to alter public perceptions (or allay misperceptions) to foster public support for a desired regulatory program?
  There is no single answer to this question, but various risk perception theorists and behavioral psychologists have suggested partial answers.  Professor Paul Slovic, for example, emphasizes that it is very important that the public trust the individual who provides them with the risk information.  In turn, “[t]o be credible and trustworthy, [the] communicator must know enough to acknowledge valid criticisms and to discern whether the available risk estimates are valid enough to help the public gain perspective on the dangers they face and the decisions that must be made.”

The accessibility of the presentation is also important.  For example, people tend to understand comparisons better than “absolute numbers or probabilities, especially when” the latter are small.
  Thus, to educate someone about the risk of death from riding a motorcycle, it is less useful to present the absolute motorcycle-fatality rate (2000 per year per 100,000 persons at risk) than to compare that rate to the risk of smoking (300/100,000 per year), the risk of all motor vehicle accidents (24/100,000 per year) and the risk of being struck by lightning (0.05/100,000 per year).

Another accessibility consideration stems from the recognition in the psychology literature that people tend to understand frequencies better than probabilities.  For example, consider the following ways of presenting information about the reliability of a medical test:

· “[A] test to detect a disease whose prevalence is [one in a thousand] has a false positive rate of [five percent],” or
· “One out of a thousand Americans has a disease; fifty out of a thousand healthy people test positive.”

In both examples, the probability that a person who tests positive has the disease is approximately 1 in 50.  But people understand that fact much more intuitively when presented with the second statement.
Importantly, though, improving trust and accessibility only address strict inaccuracies in public perceptions.  As noted above, some of the difference between lay and expert risk assessments stems not from analytic mistakes but from perceptual biases that lead people to fear certain kinds of risk more than other risks of comparable size, depending on affective factors like “uncertainty, controllability, catastrophic potential, equity and threat to future generations.”
  Thus, an education effort that simply compares, say, “the annual risk from living near a nuclear power plant” to that from driving a car may “appear ludicrous because [it] fails to give adequate consideration to … important differences in the nature” of these hazards.
  Instead of resorting to such simple comparisons, then, risk educators must recognize that “[l]aypeople’s basic conceptualization of risk” reflects “concerns that are typically omitted from expert risk assessments.”
 In short, changing minds requires a “two-way process” in which “[e]ach side, expert and public, … respect[s] the insights and intelligence of the other.”
  

Along these lines, producer and journalism professor Jon Palfreman argues that “journalists should expand their narrative horizons: to include not just the facts about the risk in question but also how people feel about the risk and why.  In essence, they should report two dimensions of the risk story – the physical narrative … and the psychological subtext.”
  In the specific context of climate change, for example, Palfreman suggests that journalists might have more success “getting people to focus on global climate change” if they emphasized its implications for future generations – “the ‘legacy’ concept” that underlies much public concern about nuclear power.
  “If we all have available an image of our grandchildren struggling with irreversible climate change,” he claims, “the problem seems less abstract and more pressing.”

This summary is incomplete but provides some sense of the necessary ingredients of an education strategy that aims to overcome (or, more accurately, account for) bounds on strictly rational risk assessment: trust in the educator, accessible presentation of the facts, and framing that is sensitive to the specific risk characteristics that underlie much public fear.  In the discussion below, references to a “bounded-rationality campaign” to convince the public to accept nuclear power as a solution to climate change refer to a hypothetical campaign that perfectly incorporates these and other important insights about the biases and heuristics that influence lay perceptions.
3. The Cultural Cognition Model

The cultural cognition model offers an alternative explanation for some of the observed shortcomings in public risk perception, and it may therefore call for an alternative (hypothetical) educational approach.  Without rejecting bounded rationality, the cultural cognition model argues that “worldviews permeate all of the mechanisms through which individuals apprehend risk” – including the biases and heuristics discussed above.
  Authors in this area identify two possible worldview axes and assert that individuals “conform their beliefs about risk” to their coordinates in this two-dimensional space – that is, effectively, “to their visions of an ideal society.”
  

As illustrated below, the two axes are “grid” (hierarchical to egalitarian) and “group” (individualist to solidarist/communitarian).
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According to this model, strict hierarchists distrust reports of environmental risk, because they are inclined to “believe in a high level of stratified prescriptions,”
 and they “perceive warnings of imminent environmental catastrophe as threatening the competence of social and governmental elites.”
  Strict individualists, too, “predictably dismiss claims of environmental risk as specious, in line with their commitment to the autonomy of markets and other private orderings.”
  Strict egalitarians and solidarists, on the other hand, are predisposed to favor regulation of environmental risks, because such regulation holds in check “commercial activities,” which produce social inequalities (anathema to egalitarians) and “legitimize unconstrained self interest” (ditto to solidarists).

Can these cultural predispositions be overcome?  Proponents of the cultural cognition model believe so:
Nothing in our account implies either that there is no truth of the matter on disputed empirical policy issues or that the public cannot be made receptive to that truth. Like at least some other cognitive biases, cultural cognition can be counteracted.… [F]actual disputes over gun control, the death penalty, environmental regulation and like issues derive from individuals' resistance to accepting information that threatens their cultural commitments. It follows that individuals are likely to resist factual information less if it can be presented in forms that affirm rather than denigrate their values.

Professors Dan Kahan and Donald Braman have discussed the practical application of this “affirmation” strategy.  They contend that affirming cultural identities renders individuals “more open” – both attitudinally and cognitively – “to reconsidering their beliefs on culturally contested issues.”
  Thus, policymakers seeking to overcome cultural biases on a particular issue should “design[] policies that are sufficiently rich in their social meanings to affirm the values of persons of diverse cultural worldviews simultaneously.”

Two examples of this approach are directly relevant here.  The first “concerns the emergence of political consensus in favor of tradeable emissions permits as a means of regulating air pollution in the late 1980s and early 1990s.”
  According to Kahan and Braman, policymakers achieved this result by relying on “a market mechanism for controlling pollution,” thereby (1) “vindicat[ing] individualists’ belief that private orderings conduce to societal well-being”; (2) “affirm[ing]” hierarchists with “a policy that promised to empower … powerful commercial firms”; and (3) “recognizing” egalitarians’ and solidarists’ “view[s] of the dangers of unconstrained commerce and industry.”
  Overall, this approach made it easier for individualists and hierarchists “to accept that air pollution was a problem to begin with,” and for egalitarians and solidarists “to accept evidence that uniform, centrally enforced air quality standards don’t work.”

The second relevant example concerns the nuclear power debate that is the subject of this paper.  The same authors suggest, briefly, that their affirmation approach might work to convince the public to accept nuclear power as a solution to climate change:

The self-affirmation effect suggests [that a proposal to renew investment in nuclear power as a way to reduce greenhouse gas emissions] might actually change minds, both about the dangers of global climate change and about the risks of nuclear energy. Individualists and hierarchists both support nuclear power, which is emblematic of the very cultural values that are threatened by society's recognition of the global warming threat. Shown a solution that affirms their identities, individualists and hierarchists … can be expected to display less resistance—not just politically, but cognitively—to the proposition that global warming is a problem after all. Likewise, when egalitarians and solidarists are exposed to the same information, they are likely to perceive nuclear power to be less dangerous: The affirmation of their identity associated with the recognition of the global warming threat lowers the cultural status cost of accepting information about nuclear safety that they have long resisted.
 

According to this view, then, the self-affirmation effect offers an approach for policymakers who seek to shift public opinion about nuclear power.  References in the below discussion to a “cultural cognition campaign” refer to a hypothetical perfect-realization of this approach.
III. Risk Perception and the Nuclear Power Debate

Having outlined the two salient risk-perception models, and each model’s suggested tactics for shaping public perceptions, this paper next considers how we might expect these approaches to perform in practice.  That is, in the context of a particular policy debate, would a public education strategy based on either the bounded rationality or cultural cognition model shift public opinion in the desired direction?  And if so, is such a shift likely to lead to an objective improvement in public policy?  Importantly, the latter two questions are distinct.  Moreover, as the following discussion of the nuclear power debate illustrates, an affirmative answer to the first does not ensure an equally favorable answer to the second.
This section first introduces the debate – what are the risks of climate change and nuclear power; what would it mean for nuclear power to play a significant role in a climate change strategy; and what regulatory changes would be required to facilitate the necessary growth of the nuclear sector and to address any attendant risks.  
Turning to the public-opinion piece of this puzzle, the section then hypothesizes a bounded-rationality and a cultural-cognition risk-education strategy, each aimed at convincing people to support nuclear power as an approach to climate change, and asks (1) whether either strategy would be successful, and (2) if so, what that success would “look like” in practice.  The results of this theoretical exercise are worrying, not just for nuclear enthusiasts, but for anyone who hopes to use insights from behavioral psychology to move public opinion in a useful direction.

A. The Nuclear Power Example
The increasing scientific certainty that global warming poses serious risks to present and future generations has revived interest in nuclear power as a “carbon-free” power source that could help satisfy the world’s growing energy needs without contributing significantly to the greenhouse effect.
  Even some environmentalists, formerly opposed to nuclear technology, have revised their views, arguing that we should explore nuclear energy as a supplement to conservation and to renewable energy technologies like wind and solar polar.
  Other longtime opponents, incensed by this softening of position, remind the world in strident terms of the many unsolved problems nuclear power poses – notably its upfront costs, attendant safety and proliferation risks, and waste transport, storage, and disposal issues.

Given the stridency of this debate, one important and largely unaddressed question is whether public opinion stands as an independent barrier to any climate change strategy based predominantly or even significantly on safe growth of the nuclear power sector.  Put differently, suppose policymakers uniformly believed that nuclear power posed lesser risks than climate change, and that we should shift a significant portion of U.S. energy production from traditional fuels to nuclear as part of our effort to reduce greenhouse gas emissions.  Could the public be persuaded to support this approach?  And equally importantly, what might be the consequences of an attempt to shift attitudes in this wholesale way?
This paper makes no effort to plumb the depths of current thinking on either climate change or nuclear power.  It is sufficient for this discussion to make a few brief points: (1) the fact of human-induced climate change is increasingly certain, and current predictions suggest that the effects of the warming – though difficult to predict and almost impossible to monetize – will be massive and costly; (2) focusing strictly on greenhouse gas emissions, nuclear power is “cleaner” than traditional power sources, but converting much of the world’s energy supply to nuclear is neither a complete solution to climate change nor a necessary piece of the solution; (3) to play a nonnegligible role in our climate change strategy, the nuclear power sector will have to grow drastically; (4) stimulating the required growth of the nuclear power sector will require regulatory action; and finally, (5) there are significant ancillary risks of that growth, and addressing those risks, too, will require substantial regulatory action.
1. Scientific certainty about the effects of climate change
There is “growing consensus among climate scientists worldwide about the seriousness of potential risks posed by global warming.”
  The most oft-discussed such risk is the likely rise in sea surface levels,
 which will confront low-lying communities with a stark choice: invest in elaborate levee systems or risk inundation.  There are many other dangers, however, including increased storm intensity; increased rainfall (in some areas); pervasive drought (in others); more frequent wildfires; rapid loss of biodiversity, particularly in polar climes and in sensitive ecosystems like coral reefs; expanded seasons and ranges for some noxious species, including allergenic grasses and tropical disease agents; and even significant changes in ocean circulation and, as a result, coastal climates.
  The costs to humans of these various changes in our natural environment are many and varied, ranging from minor weather changes to disruption of our food and water supplies, flooding and other natural disasters, and deadlier and more frequent epidemics.
  Moreover, these effects will hit hardest in the poorest countries, posing “a grave threat to the developing world and a major obstacle to continued poverty reduction.”

Predicting which effects will happen where, and when, has proven virtually impossible, but the best minds in the business have concluded that warming is all but certain to impose enormous worldwide costs unless we take action to reduce global greenhouse gas emissions.
  For example, a recent U.K. economist’s report concludes that “if we don’t act, the overall costs and risks of climate change will be equivalent to losing at least 5% of global GDP” and up to “20% … or more … each year, now and forever.”
  The same author estimates that the annual costs of stabilizing greenhouse gas concentrations at a safe level would be “significant but manageable” – on the order of 1% of GDP by 2050.
  These dollar figures need not be strictly accurate for one to conclude that society should carefully evaluate the cost effectiveness and feasibility of all serious suggestions for mitigating greenhouse gas emissions.
2. Nuclear power as part of the solution
One widely-touted such suggestion is to increase reliance on nuclear power.  With respect to greenhouse gas emissions, nuclear power is cleaner than traditional fuel sources and competitive with renewable technologies.
  Moreover, at least the former comparison remains true even on a cradle-to-grave accounting – that is, even if one takes full account of the greenhouse gases emitted in mining, processing, transporting, storing, and disposing of radioactive fuels.
  Thus, shifting some percentage of U.S. energy production from traditional fuels to nuclear power would provide climate change benefits.

That said, it would not be feasible to convert 100% of the U.S. power sector to nuclear energy, and even if complete conversion were possible, the United States would still contribute significantly to global greenhouse gas emissions. For one thing, nuclear power “is generally seen as a better fuel for base load … conditions than for meeting cyclical peak loads.”
  Further, as noted above, mining, processing, transporting, storing, and disposing of radioactive fuels produce significant quantities of greenhouse gases.
  Finally, other sectors of the U.S. economy are significant sources of greenhouse gases.  The transportation sector, for example, currently accounts for about ¼ of U.S. greenhouse gas emissions.

An equally important and related point is that wholesale conversion to nuclear power is not necessary to global greenhouse gas mitigation efforts.  Other approaches that could – in some combination – produce the necessary emissions reductions include reduced vehicle use; more efficient appliances, buildings, and vehicles (e.g. hybrids and fuel-cell vehicles); greater use of wind and other renewable energy sources; better agricultural practices; use of clean coal technologies; and further development and implementation of carbon capture and storage technologies.
  Comparing the costs, benefits, and feasibility of nuclear power and these various other greenhouse gas reduction alternatives is well beyond the scope of this paper; the important point for this discussion is that the “nuclear option” is neither a complete solution to climate change nor a necessary piece of the complete solution.  

At the end of the day, then, we can dispense quickly with the assertion that we must resort to nuclear power if we are to avert climate catastrophe.  That scare tactic at once over-promises (because nuclear power is not a complete solution) and overreaches (because nuclear power is not a necessary piece of the complete solution).  Rather, society must focus on the real calculus of the nuclear option and make a measured choice whether significant investment in the sector is both practicable and worthwhile.
3. Scale of the necessary investment in nuclear power
One variable relevant to this choice is often overlooked in popular debates: the scale of the investment in nuclear energy that would be necessary to make a dent in greenhouse gas emissions.  That is, if nuclear power is to play a nonnegligible role in the global climate change solution, must energy companies build a few additional plants somewhere in the country every twenty years?  Five new plants each decade?  Or ten new plants each year?
  It turns out, pivotally, that nuclear power cannot significantly reduce the risk of climate change unless we commit to a vast global investment in the technology.

To estimate the scale of the necessary investment over the next half-century, one must first answer several predicate questions.  For example, how is per capita power demand likely to grow in developed, developing, and least-developed countries?  How is each country’s population likely to grow in the same period?  And what are the mid-century alternatives to nuclear power likely to be?  In other words, in 2050, are we likely still to rely on coal, oil, and natural gas to supply power needs that are not met by nuclear, or will we have developed other affordable alternatives?

A 2003 interdisciplinary MIT study, The Future of Nuclear Power, makes a credible effort to address these questions.
  As a baseline, the authors use 2002 figures for global electricity consumption, observing that in that year, nuclear power accounted for 20% of U.S. electricity use and 17% of global use.
  The Study then models mid-century electricity demand, using U.S. and U.N. predictions of annual population growth and annual per capita growth in electricity demand.
  The resulting estimates of mid-century electricity use are staggering, ranging up to a figure 180% higher than 2000 levels.
  Moreover, the Study’s predictions for 2050 levels are relatively conservative, falling between the U.S. Energy Information Agency’s “low growth” and “business as usual” scenarios, and well below its “high growth” figures.

Next, the MIT authors consider various possible growth scenarios for the nuclear power sector, from growth at a rate just sufficient to maintain nuclear power at its current share of world electricity capacity (17%), to growth sufficient to reach a market share of 25% by 2050.
  These scenarios are not predictions; rather, they estimate the extent of deployment required for nuclear power to maintain its current market share – a baseline that the authors use to represent the minimum industry growth necessary for nuclear to play a significant role in greenhouse gas reduction efforts.

These machinations lead the authors to a mid-century estimate for the nuclear industry of 1000 to 1500 Gigawatts electric capacity (“GWe”).
  Several things about this range are immediately noteworthy.  First, it reflects an increase of between 170 and 300 percent above current global nuclear capacity.
  Second, reaching the high end of the range would require construction of more than 1100 new, large
 nuclear facilities somewhere in the world by 2050 – almost 25 per year, or about one every two weeks.
  Of these, the MIT authors speculate that about a third would be in the United States, for an average construction rate of 7-10 large facilities per year.
  By comparison, in the heyday of nuclear power, “worldwide construction” of light water reactors “totaled about 400 plants over 25 years, for an average of 16 plants completed per year.”

The MIT study is not the only one to conclude that we must build thousands of new nuclear plants in the next decades if we hope to make nuclear power a real part of our climate change solution.  The President of the Institute for Energy and Environmental Research, for example, estimates that to “make a significant dent in [mid-century] CO2 emissions,” we would need to increase global nuclear capacity to about 2,000 GWe over the next four decades, which in turn would necessitate a plant construction rate of “about one per week.”
  And an important recent climate change article in Science Magazine, which identifies policy alternatives to stabilize greenhouse gas emissions by mid-century, indicates that even if nuclear power is just one of 7 strategies on which we place equal reliance, we must increase capacity by about 700 GWe by 2050 (or almost 20 new large plants each year).

Finally, to drive home the point that only a truly massive investment in nuclear power will permit the industry to play a nonnegligible role in mitigating greenhouse gas emissions, it is worth emphasizing that the hypothesized deployments discussed above would fall far short of solving the climate problem.  Indeed, constructing the new plants that would be necessary to reach the low end of the MIT Study’s hypothetical range would avoid only about a quarter of the anticipated growth in anthropogenic carbon emissions between 2000 and 2050.

4. Economic incentives to boost the nuclear sector
What would it take, then, to stimulate growth of the U.S. nuclear sector at a rate far higher than that in the heyday of the industry?  At very least, regulators would have to address the dismal economics of nuclear power.

The first commercial nuclear power plant opened its doors in Shippingport, Pennsylvania, in 1957.  In the next four decades, just over 100 reactors came online, at 65 sites in 31 states.  Since 1978, however, no new plants have been ordered and more than 100 reactor contracts have been canceled.  No units are currently being constructed, and the last reactor to come online (the Tennessee Valley Authority’s Watts Bar reactor in Tennessee) was ordered in 1970 and licensed in 1996.  In the last decade, the industry has been essentially dormant.  The same is true in many other countries: A $4 billion nuclear plant now facing costly construction setbacks in Finland is the first plant to be built in Europe in 15 years.

Writers on all sides of the nuclear debate agree that the principal reason for the industry’s present state is the high cost of nuclear power.
  While operating plants are generally competitive with coal- and natural gas-fired power plants, construction costs for new plants are prohibitively high.
  Indeed, assuming moderate gas prices, the levelized cost of electricity from a new nuclear plant is about 60 percent higher than from a new coal or gas plant.
  Although a national tax on carbon emissions would even this playing field somewhat, the tax would have to be near the upper end of the literature range ($100-200/ton carbon) before nuclear becomes fully cost-competitive.
  To “make early nuclear plants more competitive,” therefore, researchers at the University of Chicago suggest such federal policies as “loan guarantees, accelerated depreciation, investment tax credits, and production tax credits.”
  
The Energy Policy Act of 2005
 makes some of these changes.  For example, it creates a $125 million/year/GW tax credit for up to 6 GW of new nuclear capacity (about 6 large plants) for up to 8 years of operation – in other words, up to 6 plants could receive up to $1 billion each in tax credits.  The Act also extends the Price Anderson Act’s
 liability indemnification provisions (and pool of funds) for another 20 years, to 2025.  In addition, it addresses the historic problem of regulatory delays, authorizing the Department of Energy to reimburse utilities for up to $500 million in costs related to Nuclear Regulatory Commission (“NRC”) delays.  Finally, the Act establishes a federal loan guarantee program, covering up to 80% of construction costs, to improve the odds for lenders, which have historically charged higher interest rates for nuclear plant construction loans.

As a result of these and other recent changes (including higher natural gas prices), some utilities have expressed renewed interest in nuclear power, announcing plans to apply for combined construction and operating permits for 11 new reactors.
  As yet, however, no utilities have committed to ending the almost 30-year hiatus in new plant construction, let alone to dedicating resources to nuclear power development at the level that would be necessary to build 7-10 new plants per year for the next 4 decades.  If those numbers even approximate our goal, therefore, the Energy Policy Act’s billions of dollars of economic incentives fall far short of what would ultimately be necessary.
5. Risks and possible regulatory reforms
Growing the nuclear sector at the MIT Study’s hypothesized rate would pose significant risks.  The Study authors discuss these concerns in three categories: safety, proliferation, and waste.
a) Reactor safety

The Three Mile Island accident in Pennsylvania and the Chernobyl disaster in the former Soviet Union highlight one of the most salient nuclear power risk – the chance of leakage from or meltdown of a reactor.  Investing heavily in the nuclear sector would also raise other safety concerns, however, including the increased likelihood of either a natural disaster (e.g. an earthquake or flood) or a terrorist attack at a nuclear plant.  Moreover, other than meltdown, none of these concerns is confined to energy-producing reactors; they extend to the various components of the nuclear fuel cycle, including fuel fabrication facilities, waste handling, storage, and disposal facilities, and, if a closed (i.e. recycling) fuel cycle is used, fuel reprocessing facilities.

The important questions, then, are (1) the likelihoods of these various disasters, and (2) their projected costs, not just in people injured or killed, but in disruption of power supplies, destruction of capital assets, and – of particular relevance to this paper about public risk perception – erosion of “public confidence in nuclear generation.”
  The answer on likelihood is not a welcome one.  Experts who have evaluated the issue with probabilistic risk assessment conclude that assuming current technology, the “best estimate of core damage frequency” is “about 1 in 10,000 reactor-years.”
  For the current U.S. fleet of about 100 reactors, this works out (of course) to a rate of about 1 accident per century.  But a three-fold increase in nuclear capacity – what the MIT Study dubs a “global growth scenario” – would yield an “expected number of core damage accidents” of 4 by 2055.
  Harvard professor of earth and planetary sciences Daniel Schrag agrees with this dire prediction: “‘Think about a world with 10,000 nuclear reactors,’ says Schrag, who envisions a quintupling of capacity to address climate change.  ‘We have only a few hundred today.  What is the probability of a big accident?  It’s going to happen.’”

That likelihood only goes up when one adds terrorist attack into the mix.  In the United States, all licensed commercial plants are required to have a series of physical barriers and to “maintain a trained security force.”
  But the Energy Policy Act of 2005 essentially admitted the inadequacy of existing security procedures, requiring the NRC (1) to revise its “design basis threat” (the most severe threat for which plants must be prepared) “based on an assessment of terrorist threats, the potential for multiple coordinated attacks, [and] possible suicide attacks,” (2) “to conduct force-on-force security exercises at nuclear power plants every three years,” and (3) to fingerprint all nuclear facility workers.
  
With respect to the costs of an accident, the news is more mixed.  On the one hand, the U.S. nuclear industry’s single true accident – Three Mile Island – caused no deaths or injuries “to plant workers or members of the nearby community,”
 and “[a] study of 32,000 people living within 5 miles of the reactor when the accident occurred found no significant increase in cancer rates through 1998, although the authors note[d] that some potential health effects ‘[could] not be definitively excluded.’”
  The Chernobyl accident was far more serious, killing more than 30 people within hours or days, necessitating the immediate evacuation of 116,000 people and the subsequent evacuation of an additional 230,000, and releasing “massive amounts of radioactivity into the environment.”
  Even in Chernobyl, though, the most recent health figures are more (albeit not wholly) positive:
[T]he total number of people that could have died or could die in the future due to Chernobyl originated exposure over the lifetime of emergency workers and residents of most contaminated areas is estimated to be around 4,000. This total includes some 50 emergency workers who died of acute radiation syndrome (ARS) in 1986 and other causes in later years; 9 children who died of thyroid cancer; and an estimated 3,940 people that could die from cancer contracted as a result of radiation exposure. The latter number accounts for the 200,000 emergency and recovery operation workers from 1986-1987, 116,000 evacuees, and 270,000 residents of most contaminated areas.

These are not insignificant numbers, but they pale in comparison to other relevant events, including coal mining accidents, which kill 17 miners per day in China
 and almost 50 per year in the U.S.

That said, both regulators and the public naturally fear that the next accident will be more serious, release more radiation, and cause more immediate and longterm deaths.  Moreover, even an accident that exacts a low public health toll imposes significant other costs.  “Loss of a plant costs billions of dollars and could restrict electrical generating capacity in the locality until replacement, thereby adding to the economic loss.”
  And perhaps more significantly, for this paper at least, a serious, widely reported accident – or even a near-miss – could well derail efforts to revitalize the nuclear industry as a partial solution to climate change.  As Professor Schrag puts it, “the impact of Chernobyl is not measured in terms of deaths …. The world got scared of nuclear power.’”

b) Proliferation

A related risk of growing the nuclear sector is the possibility that technology proliferation could lead to weapons proliferation, either because weapons-usable material is “diverted” by a sub-national terrorist group, or because a nation that does not currently have nuclear weapons chooses to misuse its “fuel cycle facilities (including related facilities, such a research reactors or hot cells)” – and its knowledgeable nuclear engineers – to produce them.
  To date, “[s]pent fuel discharged from power reactors worldwide contains well over 1000 tonnes (1,000,000 kg) of plutonium.  With modest nuclear infrastructure, any nation could … separate the plutonium with high purity … at the scale needed to acquire material for several weapons.”
  Moreover, reprocessing facilities in Europe, Russia, and Japan have already accumulated about 200 tonnes (200,000 kg) of separated plutonium – enough to build 25,000 weapons.
  

The risks associated with this accumulation of radioactive materials are manifest – and they grow rapidly under the various plausible scenarios for mid-century nuclear plant deployment.  For example, by 2050, the “developing world might plausibly account for about a third of deployed nuclear power” and “dramatic growth of nuclear power in the sub-continent could be a pathway for nuclear arsenal expansion in India and Pakistan.”

c) Waste

In addition to ensuring facilities’ operational safety and limiting the threat of nuclear weapons proliferation, the nuclear industry must also safely dispose of the massive quantities of radioactive waste produced by existing and new facilities.  To understand the Herculean nature of this task, one must first have a sense of the scope of the waste issue.  According to DOE’s Office of Civilian Radioactive Waste Management, as of 2003, the United States had accumulated about 49,000 metric tons (108 million pounds) of spent fuel from nuclear reactors.
  Under current regulations, the Yucca Mountain storage facility could someday contain all of this waste, but Yucca Mountain would not come close to solving the waste disposal problem for the MIT Study’s proposed new plants: 
A worldwide deployment of one thousand [large reactors] with today’s fuel management characteristics would generate roughly three times as much spent fuel annually as does today’s nuclear power plant fleet.  If this fuel was disposed of directly, new repository storage capacity equal to the currently planned capacity of the Yucca Mountain facility would have be to created somewhere in the world roughly every three or four years.  For the United States, a three-fold increase in nuclear generating capacity would create a requirement for a Yucca Mountain equivalent of storage capacity roughly every 12 years.
 
For nuclear power simply to maintain its current share of the electricity sector over the next half-century, then, the world would have to build between 11 and 15 new (and operational) “Yucca Mountains,” and the United States would have to build about 4.  One need only review Yucca Mountain’s pathetic history to recognize the near impossibility of this task:
· 1978: The Department of Energy (“DOE”) began studying Yucca Mountain, Nevada, to determine its suitability to be the “nation's first long-term geologic repository for [the] spent nuclear fuel and high-level radioactive waste … [c]urrently stored at 126 sites around the nation.”

· 1982: Congress first directed the federal government to take responsibility for permanently disposing of the nuclear waste.

· 1984: DOE formally identified Yucca Mountain as a potential site for a permanent geologic repository.

· 1987: to cut down on costs and regulatory delays, Congress focused DOE’s attentions exclusively on Yucca Mountain.

· 2001 - 2002: EPA, NRC and DOE issued health and safety standards, licensing standards, and site-suitability criteria, respectively, to govern the Yucca Mountain facility.  The State of Nevada and various other groups filed suit challenging both the rules and the underlying decision to focus all federal waste disposal efforts on the Yucca Mountain site.

· 2004: The D.C. Circuit struck down aspects of the EPA and NRC rules, holding that the agencies had no scientific basis for their use of a 10,000-year limit on radiation releases from the repository.
  The agencies went back to the drawing board.
· 2005: DOE disclosed emails from geologists “indicating that some [Yucca Mountain] quality assurance documentation had been falsified.”
  Senator Harry Reid stated, “It should be obvious to everyone now that Yucca Mountain isn't going anywhere.  It is abundantly clear that there is no such thing as sound science at Yucca Mountain.”

· 2006: Secretary of Energy Samuel Bodman told members of the House Appropriations Committee that construction of the Yucca Mountain repository probably would not begin until at least 2011.
  DOE’s “Best-Achievable Repository Construction Schedule” indicated that the repository could not possibly begin receiving wastes for disposal until March 31, 2017.

In sum, the federal government has had its eyes on Yucca Mountain for more than a quarter century, yet it does not plan to break ground for at least 5 years, nor to begin disposing of waste until 2017 at the earliest.  At that point, the project will have been in the works for 40 years.  At that rate, if each of the MIT Study’s four hypothetical repositories follows a site-selection, licensing, litigation, construction, and testing schedule like that of Yucca Mountain, we should expect the fourth to open its doors well after the middle of the 22nd century.
d) Regulatory reforms to address these risks

Given the serious safety, proliferation, and waste problems associated with deployment of new nuclear plants, it should be clear that safe reinvigoration of the nuclear sector requires regulatory action – and, in turn, the political will to push the necessary reforms through the relevant legislatures and agencies.  This paper does not attempt to list, let alone discuss, all of the reforms that experts have proposed.  A brief summary of a few waste management-related suggestions suffices to make the point on which this discussion turns – namely, that if we hope to make nuclear power a safe and significant piece of our climate change strategy, we must significantly amend the regulatory landscape.

The MIT Study identifies the management and disposal of high-level radioactive waste as “one of the primary obstacles to the development of the nuclear power industry around the world.”
  To improve prospects for a satisfactory solution of this pressing problem, the Study urges several specific regulatory changes, including (1) “replacing the current ad hoc approach to spent fuel storage with an explicit strategy to store spent fuel for a period of several decades, prior to reprocessing [or] disposal”; (2) building “centralized facilities for storing spent fuel for several decades,” both in the U.S. and internationally; (3) broadening U.S. waste-related research and development efforts to encompass approaches other than permanent geologic disposal; (4) organizationally separating the research and development program from waste management operations “to resist pressures to narrow the scope of the R&D program”; (5) upping the current per-kilowatt-hour fee for waste management, both to improve the financial position of the federal waste program and to increase utilities’ incentives to develop waste minimization strategies; and (6) “actively pursu[ing] closer international coordination of standards and regulations for waste transportation, storage and disposal.”
  These and other potential changes in the current regulatory regime would, in turn, pressure the relevant agencies to make additional changes, notably including updating the accounting methods and assumptions they use to estimate the adequacy of waste-related funding.

Each of these suggestions for regulatory reform may seem achievable on its face.  But after close to 30 years of legal wrangling, we are still 5 years shy of breaking ground at Yucca Mountain.  Imagine, then, the political and legal battles that would likely ensue if, for example, the government announced plans to build centralized facilities equipped to store high-level waste for several decades, as the MIT Study recommends.  Clearly, “support for keeping the nuclear power option open … depend[s] on convincing the public and their elected representatives that large-scale deployment can overcome” the technology’s economic, safety, proliferation, and waste problems.
  
B. We Can’t Get There from Here

Are policymakers likely to be successful in making that case?  Due to the tiered structure of the nuclear power risk, the answer is probably either “no” or “only partially”—and interestingly, there are reasons that we might prefer the former.  
1. Simple failure

The first possible outcome of any effort to “sell” nuclear power to a skeptical public is outright failure.  Entrenched fears could prove resistant to even the most carefully designed education efforts.  
The reasons for this are straightforward: Due to the heuristics and biases discussed above, people tend to fear nuclear power more than climate change.  As Gregory N. Mandel has observed, nuclear power’s attributes “read like a laundry list of aggravating traits concerning risk. Th[is] technolog[y’s] risks commonly are perceived to be: dread, uncontrollable, potentially catastrophic, fatal, inequitably distributed, place future generations at risk, involuntary, not observable, unknown, new, irreversible, human created, complex, and unfamiliar.”
  In short, nuclear power occupies an “extreme position[] in psychometric factor space[].”
  The risks of climate change, on the other hand, are less well known and less “available” to the imagination.  Historically at least, people have shown little understanding of climate-related dangers, and even less willingness to take on significant costs to avoid them.

U.S. antiproliferation rhetoric only reinforces this dichotomy.  Politicians’ talk about the risk that Iran and North Korea could coopt nuclear power facilities for bomb development
 cannot but bolster current nuclear fears.  To make matters worse, experts suggest that at the scale of nuclear deployment envisioned in the MIT Study, another big nuclear accident is all but certain – and such an accident, in turn, is all but certain to erase any gains in public acceptance.

In the end, then, a large scale effort to convince the public to endorse nuclear power (whether based on the bounded rationality model or on cultural cognition) might  prove a colossal waste of money.  A series of memorable Katrina-like events could, of course, increase public concern about climate issues, and correspondingly increase acceptance of alternatives (possibly including nuclear power).  Absent such a catastrophe, however, an education campaign may do little to reshape attitudes.

2. Partial success

Unfortunately, utter failure may be preferable to the other likely outcome of such a campaign: partial success that leaves us at a regulatory deadend, with a booming nuclear industry but without the political will to push through comprehensive safety, proliferation, and waste regulations.
We could arrive at this perhaps incongruous final position in one of two ways, each of which turns on the ready division of the nuclear risk into preliminary or first-tier risks (those associated with reactor safety) and collateral or second-tier risks (those associated with mining, transport, processing, storage, and disposal of radioactive materials).  The first possible consequence of this tiered structure is that second-tier risks could prove more fearsome than first-tier, either because the former trigger more or more significant perceptual biases (more dread, less well understood, etc.
) or because the former are politically “hotter” and more culturally divisive.
  

For example, consider basic reactor safety (first-tier), on the one hand, and waste risks (second-tier), on the other.  We are used to seeing reactors on our city skylines; they have good safety records, at least in recent years; their technology is reasonably well understood and familiar; 103 existing ones spread around the nation already supply close to 20% of our power.  In contrast, waste handling facilities present new and less well understood risks; they use unfamiliar technologies; the waste goes in tanks, pools, or underground, where we cannot see it and reassure ourselves of its continued containment.  Thus, people may be more fearful of waste-related issues than of reactors themselves.

John Weingart offers a stark account of the depth of public fear of radioactive waste sites.  Director of New Jersey’s Low-Level Radioactive Waste Disposal Facility Siting Board in the 1990’s, Weingart tried to find a New Jersey community willing to host a radioactive waste facility for low-level waste (that is, lightly contaminated waste from medical facilities and other sources, which is far less dangerous than that from nuclear power operations
).  At first, Weingart was optimistic about his chances of success.  But when it came time to accept such a facility in their “backyards,” people simply could not let go of their fears:

At the Siting Board’s open houses, people would invent scenarios and then dare Board members and staff to say they were impossible.  A person would ask, “What would happen if a plane crashed into a concrete bunker full of radioactive waste and exploded?”  We would explain that while the plane and its contents might explode, nothing in the disposal facility could.  And they would say, “But what if explosives had mistakenly been disposed of, and the monitoring devices at the facility had malfunctioned so they weren’t noticed?”  We would head down the road of saying that this was an extremely unlikely set of events.  And they would say, “Well, it could happen, couldn’t it?

Put simply, then, the public may feel a little better about new reactors than about the new waste storage, processing, and disposal facilities that those reactors necessitate.  As a result, a majority could learn to accept reactor construction in cities and towns but continue to fight necessary collateral actions like siting, construction, and operation of waste storage and disposal facilities.  Our present situation affords a ready example of the public’s ability to hold such seemingly incongruous beliefs:  We now have an operating (if somewhat stagnant) nuclear industry that supplies close to 20% of our power, yet we have fought tooth and nail, thus far successfully, against development of a permanent radioactive waste disposal facility.  There are very real problems with the Yucca Mountain site, but nothing about that battle suggests that a more geologically appropriate site-choice would have ensured an uncontentious licensing process.
The current situation in France provides further evidence that people can hold tight to seemingly incompatible views about nuclear power and its collateral risks.  There, nuclear energy makes up more than 75% of the electric power sector, and the public largely supports the industry.
  When it came time to develop a waste facility, however, people balked.  There were widespread demonstrations and even riots.  And the problem has yet to be solved.

The second, even more intractable impact of the tiered structure of the nuclear power risk is only relevant under the cultural cognition model.  As noted above,
 cultural cognition theorists suggest that it may be possible to overcome public opposition to a particular policy choice by structuring policy proposals to affirm multiple groups’ worldviews simultaneously.  According to this idea, policymakers could potentially make headway in the nuclear debate by expressly pushing  nuclear power as part of U.S. climate policy.  By affirming individualists’ and hierarchists’ positive views of nuclear power, this approach could reduce such individuals’ “political[]” and “cognitive[] … resistance … to the proposition that global warming is a problem after all.” 
  At the same time, “when egalitarians and solidarists are exposed to the same information, they are likely to perceive nuclear power to be less dangerous.”
 

The flaw in the ointment is that the resulting coalition is likely to support one thing and one thing only: market-based incentives for more nuclear power development.  There is very little reason to think that the individualists and hierarchists will stay on this bandwagon long enough to support the necessary top-down regulatory controls for the second-tier risks of the uranium fuel cycle.  Why would they?  The impetus for their support was, by assumption, their positive views of nuclear power; nothing about the affirmation effect seems likely to increase their concern about nuclear power’s side effects.  Moreover, again by assumption, individualists and hierarchists are predisposed to favor market-based solutions to social problems, making them doubly unlikely to recognize a need for command-and-control waste- or proliferation-related reforms.  In short, then, it may be possible to build a coalition to support industry-stimulating government programs, but that coalition is almost destined to prove unstable when confronted with nuclear power’s collateral risks.
In conclusion, then, both the bounded rationality and cultural cognition models suggest that a public education campaign about the “nuclear option” could overcome opposition to nuclear sector growth, but could well fail to build adequate support for second-tier command-and-control regimes.  For all the reasons discussed above, however, significant sector growth is only safe if there is parallel regulatory progress on all levels.  Thus, depending on the relative sizes of the climate change and nuclear power risks, idiosyncratic public support for the nuclear sector could actually prove harmful, leaving us worse off than under the status quo.
IV. Lessons from the Nuclear Power Debate 
The debate about the role of nuclear power in our climate change strategy is concededly unique, pitting risks about which the public has sticky attitudes against risks that are diffuse, scientifically complex, and virtually impossible to quantify with any certainty.  Nevertheless, the conclusions of section III have broad application both within and outside the risk context.

First, as Sunstein and others have noted, some risks are “hot.”
  They may be hot (1) because people have strong affective feelings about them, solidified by recent newspaper accounts, and made partisan by effects like group polarization and normative bias, or instead (2) because they implicate cultural predispositions.   Regardless of the root cause, however, perceptions about hot risks will prove resilient to most and perhaps all efforts to shift public opinion.  In particular, it may not be possible to shift opinions about a hot risk (nuclear) by making dire predictions about a “cooler” one (climate change).   This is not a surprising or even a particularly thought-provoking observation, but it is worth noting, if only to temper the enthusiasm of those who blithely assume that the choice to reinvigorate the nuclear industry in response to climate change is one that regulators can make without considering public opinion.
The more interesting lesson from the nuclear power debate concerns the structure of risks.  Many risks involve tradeoffs – as Sunstein puts it, “[t]here are risks on all sides of social situations.”
  Addressing the most obvious “first” risk, then, will almost always create, expose, or augment some related or derivative risk.  When the underlying risk layers are of the same nature as the first, there is reason to hope that both expert and lay risk-assessors will reach some reasonable middle ground, recognizing and accepting the need to balance regulatory responses to achieve a sensible overall policy.  Thus, for example, when air bags turned out to cause some deaths in car accidents, regulators were quick to realize that some people (infants in car seats and small children and adults) should be discouraged from sitting in a seat “protected” by an air bag.
  For these people, the derivative risks of the first order regulatory change (requiring airbags) proved greater than the hazard that regulation sought to correct.  But because the first- and second-tier problems were similar in kind – injuries and deaths in car accidents – there was little disagreement about the proper solution: scale back the notion that all passengers should be protected by airbags.  Instead, passengers of the right size and weight should be protected by airbags, while others should be protected from air bags.

In contrast, when the first and second risk layers differ in kind – differently certain, differently controllable, differently catastrophic, triggering different normative biases, and even receiving different news coverage – there is every reason to be concerned that first-tier action will lead directly to a peculiar form of regulatory dead end – in mathematical terms, a local minimum.  As discussed above, for instance, action to stimulate the nuclear industry could well lead to development of second-tier risks that trigger different public reactions.  In turn, these second-tier risks could prove more intractable than the initial regulatory dilemma, leaving us frozen in a regulatory position that few would have chosen at the outset.
There is a cultural aspect to this phenomenon as well.  As noted in the nuclear context, the self-affirmation effect suggests that a regulatory regime designed to provide “something for everyone” can garner support from a surprising coalition of people.  Again, however, there is a problem: The coalition that learned to support the first-tier regulation could well prove unstable in the face of the second-tier risks.  In this case, the proximate cause of the change in majority view would not be a change in the nature of the risk (differently dread) but a change in the form of the available policy approaches (command-and-control regulation, say, rather than market incentives).  Regardless of the mechanism, though, the end result is the same:  Regulators who designed a first-tier regulatory regime to attract the support of a diverse majority of voters could find themselves confronting equally or more hazardous second-tier risks without the benefit of that public support.
Path dependence of this kind is ubiquitous.  In 1966, for example, Alfred E. Kahn suggested the following hypothetical: Suppose, in 1880, “some being from outer space” had proposed a new “means of transportation that could ... permit you to travel about, alone or in small groups, at 60 to 80 miles an hour” at a price of 40,000 lives per year.
  In Kahn’s view, we would have found this proposal profoundly unappealing.
  Yet we “reached the same result gradually, unwittingly.”
  Each car purchase made the next one cheaper, easier, more appealing, and eventually more necessary, as people relied on the ubiquity of cars in making decisions about where to work and to live.  At few points along this trajectory did we look back to ask whether society, as a whole, was moving in a useful direction.

Kahn does not discuss this problem in terms of risk perception, but it can be recast in that light: The first-tier risks of the automobile were relatively certain and controllable – not particularly dread, raising few cultural red-flags.  Each individual could choose whether to drive a car; few people recognized the pollution costs;
 and accidents were fewer and less catastrophic.  In short, there were many fewer fear-triggers, so people could support development of the industry.  With each generation of the automobile age, however, the risks shifted subtly, until now we find ourselves confronted by automobiles that exact enormous public health tolls and, worse, exacerbate oil dependence, local and regional pollution, and atmospheric carbon-loading.

These second-tier automobile risks are different in kind, both from the first-tier risks and from each other.  We may not fear cars’ immediate public health hazards as much as they warrant, but we do fear them – we call to mind injured friends and relatives and see news reports of multi-car pileups, and our resulting fear leads us to support some level of costly regulation to address these risks (traffic signals, speed limits, side impact bars, seat belts).  As a society, we are somewhat more agnostic about local and regional air pollution, which has less obviously catastrophic effects – we fear it enough to support better catalytic converters, but not enough to support regulations that would reduce miles traveled (carpooling requirements, walking streets and intercept parking, dollars to public transportation rather than road construction).  And we are so complacent about the risks of climate change that we ask, in all seriousness, whether carbon dioxide from cars and other sources should be considered an air pollutant.
  Overall, then, society’s differing attitudes toward the different layers of automobile risks have produced a largely incoherent regulatory regime that does next to nothing to protect us from some of the most significant automobile hazards.

The automobile example hinges on the triggering of different perceptual biases at different steps along the regulatory chain, but examples of the related problem of coalition instability abound as well.  For instance, different cultural attitudes toward drug use (widely derogated) and urban blight (of greater concern to egalitarians and solidarists than to others) have left us with a national drug policy that cracks down on users and dealers without addressing any of the social ills created by a policy of imprisonment.
  Very similar dynamics led to the “deinstitutionalization of individuals with mental and physical handicaps” and the subsequent failure to construct the residential group homes that were supposed to replace large institutions.
  In the context of choice, the coalitions that champion state abortion restrictions sometimes break down when they are asked to support second-tier reforms like improved counseling for pregnant women, streamlined adoption procedures, and social and economic support networks for single mothers.
  And similar coalition instability helps to explain why political parties that must pander to multiple interest groups to win elections subsequently have difficulty governing;
 why interracial coalitions that have lobbied for slavery reparations disagree on remedy (college funds versus bail funds);
 and why the school voucher movement faltered when it adopted a goal of racial justice in place of its early emphasis on values-based education.

In short, multilayered regulatory dilemmas are common, and local “regulatory minima” – undesirable policy dead-ends from which policymakers cannot emerge because the political dynamics changed unexpectedly between the first and second tiers of the regulatory effort – are ubiquitous.  In the risk context however, the problem is particularly acute, because risk perception theorists are actively trying to use behavioral psychology insights to sway public opinion.  In this context, it is especially important to consider the consequences of any such education strategy.  Failure to do so could produce an entrenched and irrational regulatory policy that addresses first-tier risks but leaves us threatened by equally or more serious second-tier risks that defy regulatory solution.

V. Conclusion
Public risk perceptions could play an important role in the eventual resolution of the debate about whether to build hundreds or thousands of new nuclear power plants in response to climate change.  The public’s antipathy for all things nuclear could defeat any effort either (1) to persuade former opponents to support growth of the nuclear sector, or (2) to build a coalition of odd bedfellows willing – each for their own reasons, and some reluctantly – to agree to that growth.  Alternatively, such an effort could have mixed results, increasing public support for a first round of market-based regulatory changes to facilitate sector growth (for example, tax credits and liability guarantees), but failing to shift opinion about the command-and-control regulations necessary to address second-tier risks, including those associated with radioactive waste transport, processing, and storage.  The latter scenario would deposit us at the closed end of a regulatory blind alley, unable to delicense the new power plants, but also unable satisfactorily to address their collateral safety and public health risks.
This last unexpected and unfortunate outcome results from a little-discussed attribute of the regulatory process: Regulating risk is a tiered exercise.  Often, an unintended consequence of the first set of regulatory changes is the exposure or augmentation of new risks that require their own round of regulatory solution.  As for the principal risk, the likelihood that policymakers will be successful in addressing each of these new risks hinges, in part, on public support for a regulatory solution.  And such public support depends tightly on the nature of the risk (is it particularly dread?) and on the nature of the required solution (appropriate for a market-based approach or better suited to command-and-control regulation?).
This wedding-cake or onion-peel view of risk and regulation has important implications for those who would use behavioral psychology insights to shift public opinion about existing risks.  In brief: Watch what you wish for.  That such approaches could fail altogether turns out to be the good news.  Far worse is partial success, which can build support for first-tier regulatory reforms that expose or augment equally or more serious second-tier risks less amenable to regulatory solutions.
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