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Abstract

The proliferation of country and state-level net zero-emission commitments, rising energy
costs, and the quest for energy security in the wake of the Ukraine crisis have renewed the
debate about the future of energy sources. As opposed to elite discourse, the energy policy
preferences of the public remain less explored. While many public opinion surveys report
preferences for a specific type of clean energy, there is less work on understanding choices
among different types. We explore whether support for nuclear over wind energy at the
state level depends on how people assess the impact of these energy sources on health,
local jobs, landscape disruption, and the stability of the electricity supply. Importantly, we
seek to understand where people physically reside (and their experience of existing energy
possibilities) might influence their energy policy preferences. We estimate multiple regres-
sion models with OLS with our original survey data of a representative sample of Washing-
ton residents (n = 844). We find that the physical proximity to existing energy facilities does
notinfluence support for nuclear over wind energy. However, this support is shaped by the
importance respondents attach to health (-), jobs (-), landscapes (+), and supply stability (+)
dimensions of energy source. Moreover, the physical proximity to existing energy facilities
moderates the importance respondents attach to these dimensions.

Introduction

Energy is the key driver of economic growth. Policy discussions on energy transition focus on
balancing the imperatives of economic growth with climate protection, national security, and
equity [1]. However, how the public evaluates trade-offs between different energy policy goals
remains relatively underexplored. An understanding of public perceptions is important
because public opinion is a key input in shaping the political feasibility of energy policy
choices.

In this paper, we focus on how the public evaluates tradeoffs between different zero-emis-
sion energy sources and what factors might influence these trades offs. In particular, we are
interested in public perceptions about the role of nuclear energy in the decarbonization of the
electricity sector, in relation to wind energy. Many environmental groups continue to remain
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skeptical of, if not opposed to, nuclear energy and advocate the transition to wind and solar
instead [2]. While both nuclear and wind are zero-emission energy sources, they pose different
economic and ecological consequences. Suppose a state is planning to create additional elec-
tricity capacity or replace existing capacity with new ones. Might people living in physical
proximity to wind farms or nuclear plants, who might have experienced their pros and cons
for health, local jobs, or landscape aesthetics, support wind (nuclear) energy expansion at the
state level? We explore these questions in the context of the state of Washington, which has
committed to carbon-neutral electricity by 2030 and 100 percent clean electricity by 2045 [3].
Washington state is closing down the Centralia coal power plant, which accounts for the state’s
10% greenhouse emissions [4]. At the same time, the state is also removing hydroelectric dams
because they adversely affect the salmon population. Moreover, with the increasing incidence
of drought, the hydroelectricity generation (in Washington as well as in the Colorado river
basin) has begun to show variation, necessitating the need to plan for backups or alternative
sources of energy.

Washington state’s energy demand is also rising due to increases in population and the
state’s decision to ban the sale of new gasoline-powered cars by 2030. The bottom line is that
Washington state needs to construct new zero-emission electricity facilities or expand existing
facilities. Though the state is actively considering wind and nuclear, it is not clear what factors
drive public preferences for nuclear over wind or vice versa. For reference, in 2021, both wind
and nuclear contributed to about 8% of Washington’s electricity needs, while solar contributed
only 0.04%. Other energy sources are hydro (66%), natural gas (13%), and coal (4.5%) [5].

Might individual support for new nuclear and wind capacity at the state level be influenced
by their physical proximity to existing wind and nuclear facilities? To assess this subject, we
identify four local economic and ecological impacts of existing facilities: human health, local
jobs, landscape aesthetics, and stability in electricity supply. Nuclear power produces stable
24x7 electricity and creates permanent, well-paying local jobs, and has a small footprint on
local aesthetics. However, it exposes the local population to radiation risks. Contrast this with
wind facilities that do not pose serious health hazards (although some mistakenly fear radia-
tion), generate lease payments for local communities, and create jobs during construction.
However, wind turbines clash with landscape aesthetics. Moreover, wind turbines have an
intermittency issue: generate electricity only when there is wind flow.

Washington State has one nuclear plant, the Columbia Generating Station (in addition to
the Department of Defense’s Hartford facility) located in Richland, the Tri-City area of Eastern
Washington. The state has several utility-scale wind facilities, with a cumulative installed
capacity of 3,396 MW, located predominantly in Eastern Washington as of 2021 [5]. Broadly,
Eastern Washington, across the Cascades, is rural and conservative (with some urban pockets).
At the same time, Western Washington, which lies between the Cascade Mountains and Puget
Sound, is urbanized and liberal [6]. While much of the electricity is consumed in Western
Washington, it tends to be generated in Eastern Washington, be it hydro, nuclear, or wind. In
arecent debate in the state legislature, Rep. Mark Klicker (R-Walla Walla) noted that “Eastern
Washington communities are burdened with generating renewable energy, while more popu-
lated areas west of the Cascades use most of that energy” [7]. Indeed, many local counties have
enacted ordinances to restrict the construction of renewable energy facilities. For example, a
newly proposed wind project for the Horse Heaven Hills in Benton County faced local opposi-
tion mainly because of the visibility of wind turbines [8]. Eventually, Benton County commis-
sioners unanimously opposed the project in March 2021 [9].

More broadly, the debate on meeting the net-zero emission goals while managing local
opposition to new renewable energy facilities is playing out across U.S. states [10-12] and
countries [13-15]. Instead of assessing public support for a given energy source, we examine
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how the public chooses between two zero-emission sources, nuclear and wind, by extending
the NIMBY/YIMBY discussions in a new direction. We are interested in exploring how vary-
ing levels of physical proximity to existing energy facilities might shape public preferences for
new nuclear and wind capacity at the state level (as opposed to respondents’ neighborhoods,
which the not-in-my-backyard or NIMBY and yes-in-my-backyard or YIMBY research has
examined).

Our survey of a representative sample of Washington residents (n = 844) finds that physical
proximity to existing energy facilities does not influence support for nuclear over wind energy
at the state level. Moreover, the support is not influenced by whether respondents reside in
Eastern or Western Washington, which represents different types of political cultures. Broadly
confirming existing research, the support for nuclear over wind is shaped by the importance
respondents attach to health (-), jobs (-), landscapes (+), and supply stability (+) dimensions of
energy supply. Moreover, the physical proximity moderates the importance respondents attach
to these dimensions in their support of nuclear over wind.

While the literature has investigated public support for specific energy projects, scholars
have paid less attention to the public’s valuation of trade-offs among different energy sources,
an important issue because there are multiple pathways to decarbonization involving different
energy mixes. We highlight that the public does not assess the impacts of energy choices on
society uniformly. This suggests that to assess public support for a specific energy mix, policy-
makers should carefully tailor their communication of the benefits and costs of different
energy policy options to different audiences. We made a theoretical contribution by showing
that NIMBY/YIMBY insights, originally developed to understand local opposition to
unwanted local facilities, are valuable for understanding public support for energy policy
choices at the state level, outside the backyard.

Literature review

Climate change is an outcome of the modern industrial economy’s dependence on fossil fuels.
Decarbonization of the energy sector is therefore critical to address the climate crisis. The pol-
icy challenge is that most benefits of decarbonization have features of a global public good and
raise concerns about free-riding by countries. Since the 1990s, various international treaties
and agreements have sought to foster global collective action, curb free riding in decarboniza-
tion and motivate countries to pursue zero greenhouse gas emission targets. The 2015 Paris
Agreement is a landmark in global climate action because, for the first time, developing coun-
tries such as China and India (which were exempt from mandatory emission reductions under
the 1997 Kyot0 Protocol but in recent years, have emerged as leading carbon emitters)
announced targets for emission reductions. There are many pathways to the decarbonization
of the energy sector, involving different zero-emission sources with different ecological and
economic impacts. For example, whereas some view nuclear energy as critical for decarboniza-
tion, others fear its adverse health impacts as well as the challenges associated with the disposal
of radioactive waste. Scholars have employed advanced econometric models and techniques to
o investigate the environmental footprint, human development, environmental costs, and eco-
logical footprint of nuclear energy across countries, including the US [16-20]. Other studies
have calculated the impact of the energy transition on the ecological footprint in manufactur-
ing countries [21] and the impact of green energy investment on environmental quality (e.g.,
exploitation of natural resources), the economic and ecological impacts of energy [22]. While
these scholars have successfully explored the “objective” impact of energy. However, how the
public evaluates these impacts, which shape their preferences for energy choices, remains rela-
tively understudied. Exceptions include Bergmann et al. (2006) who focus on how Scottish
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respondents value different dimensions of renewable projects, such as wildlife, air pollution,
employment, or electricity prices [23]. In their study of Finnish respondents, Kosenius and
Ollikainen (2013) examine the benefits and costs of renewable technologies in terms of biodi-
versity loss, local jobs, carbon emissions, and household electricity bills, and their impact on
people’s willingness to pay for renewable energy (wind, crop, wood, and hydro) [24].

In the US context, while there is impressive literature examining support for a specific type
of zero-emission energy, there is less work on how the public chooses between different types
of zero-emission sources. Noblet et al. (2015) found that, in Maine, citizens support land-
based wind more than deep-water offshore or tidal energy [25]. With the nationwide survey,
Roe et al. (2001) found that consumers expressed different levels of willingness to pay for resi-
dential electricity service by different fuel mixes [26]. Likewise, based on the survey conducted
in Delaware, Borchers et al. (2007) found that public willingness to pay for participation in
green energy electricity programs depends on renewable energy types [27]. Whereas these
studies advanced our understanding of public preferences for renewable energy, how the pub-
lic evaluates different economic and ecological impacts of different energy sources remains
unanswered. To bridge the gap, we seek to understand public assessment of the trading-off
between different energy sources and how it might be conditioned by respondents’ physical
proximity to an existing energy source.

Theory -NIMBY/YIMBY

NIMBY (not-in-my-backyard) scholars note that the siting of locally “unwanted” projects, the
ones that pose risk to the local community (such as landfills, mining, quarrying, hazardous
waste facilities, or prisons) or generally impose costs, provoke local opposition [28-32]. In the
context of energy projects, the literature reports this opposition in the context of wind [33, 34],
solar [35], and nuclear [36-41]. This opposition extends to energy infrastructure as well. For
example, Nelson et al. (2018) find that concerns about health risks and property values moti-
vated opposition to the siting of a new high-voltage transmission line in California [42].

However, scholars have also noted instances of “YIMBY,” in which local communities sup-
port “undesirable” industries in their backyards to secure local economic benefits or due to
partisan identities [43-45]. For example, Thorpe (2015) finds support for prisons in the rural
areas of the American South as these prisons are an important contributor to economic activ-
ity [46]. Uji et al. (2021) find that support for restarting nuclear plants when local jobs and low
emissions of nuclear energy are highlighted [47]. Jerolmack and Walker (2018) find that rural
residents in Pennsylvania support fracking in their backyards [48]. In sum, while NIMBY/
YIMBY is motivated by concerns about local costs/benefits from new local projects, the debate
reveals how communities value costs and benefits in different ways.

We extend the idea of NIMBY/YIMBY in two ways. First, might experience with existing
local projects also inform individual preferences about state-level (non-local) energy policy?
After all, individuals might have experienced specific harms/benefits first-hand, and this expe-
rience might influence their support for state-level energy policy choices. Second, we apply
NIMBY/YIMBY, originally developed with a focus on a single project or a single energy
source, to assess how the public evaluates one energy source in relation to another. This is an
important issue because while individuals might oppose nuclear energy per se, they might
moderate their opposition if they recognize that they will need to live with coal instead. Thus,
individuals often make implicit trade-offs among multiple energy sources, which might be
influenced by their familiarity with local energy facilities. In this situation, while individuals
might recognize the risks or costs posed by an energy source, they might still support it because
they perceive the risks posed by another energy source to be higher. Likewise, although
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individuals might appreciate the benefits of a given energy source, they might still support
some other energy source because they perceive its benefits to be higher.

Hypotheses on energy policy preferences in Washington State

We focus on the state of Washington, which is often regarded as a climate leader. The state is
actively debating how to meet rising energy demand and, at the same time, reduce greenhouse
gas emissions and retire hydroelectricity. Democrats control both the chambers of the state
legislature and the office of the governor. In addition, both Senators are Democrats, and in the
Presidential elections, the state has voted for the Democratic nominee since 1988. Yet, the state
voted down two statewide carbon tax referendums: Initiative 732 in 2016 which secured 41%
vote, and Initiative 1631 in 2018 which secured 43% vote [49-51]. The 2016 referendum was
for a revenue-neutral carbon tax. Although the 2018 vote was for a revenue-positive carbon
tax, none of the monies were to be devoted to supporting wind, solar, or nuclear energy. Thus,
while zero-emission energy has not been on the ballot, Washington state residents, who are
considered to be strongly pro-environment, have defeated pro-climate ballot initiatives in the
past. Environmentalists, therefore, pursued pro-climate policy through the state legislature. In
2020, the state enacted a Cap and Invest law (along with other climate bills such as the Clean
Fuel Standard), avoiding the political challenges of enacting carbon taxes through ballot initia-
tives [52].

We recognize that the politics of new taxes tends to differ from that of state-level policy
ideas such as creating different types of zero-emission capacities. Yet, historically, environ-
mental groups have had an uneasy relationship with nuclear energy [53]. Some groups such as
Greenpeace (2007) remain opposed to nuclear energy. In the German cabinet (which has both
Greens and Liberals), the Green party wants nuclear reactors to be decommissioned while the
Liberals want their operational life to be extended [54]. Given the strong pro-environment sen-
timent in Washington state (notwithstanding the defeat of two referendums), we expect Wash-
ington residents to support wind energy over nuclear energy.

H1: Respondents are more supportive of wind over nuclear energy at the state level.

Washington state also hosts a nuclear power plant, which is located alongside the Hanford
Department of Defense. Moreover, several rural counties have passed a slew of local ordi-
nances to disallow wind energy facilities. Hence, we expect support for wind and nuclear
energy to vary across the state. One might argue that the crucial driver of energy policy prefer-
ences is their first-hand negative exposure to energy facilities in their physical proximity [12],
even when new facilities may not be located in the neighborhood. If so, individuals who have
been negatively affected by energy facilities in their neighborhood might support alternative
energy.

H2a: Respondents residing closer to the Richland nuclear facility support wind over nuclear
at the state level.

H2b: Respondents residing closer to wind facilities support nuclear over wind at the state
level.

Support for nuclear over wind might depend on how respondents weigh various benefits
and costs of these energy sources. We consider four factors in this regard: health impacts, local
jobs, landscape disruption, and stable electricity supply. Nuclear energy is often viewed in neg-
ative terms due to the possibility of radiation leaks and the disposal of nuclear waste. Indeed,
Hanford’s Department of Defense facility is notorious for poor waste disposal facilities. The
federal government has spent billions of dollars in remedial action for cleaning up this facility
[55, 56]. While the Columbia Generating Station Richland facility is distinct from the Depart-
ment of Defense Hanford facility, both are located within the same nuclear complex. Thus, the
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Hanford effect regarding radioactive leaks might affect how people evaluate the health conse-
quences of new generation capacity at the Richland facility.

The second dimension of interest is the facility’s impact on the local economy. While both
nuclear and wind facilities generate jobs, nuclear facilities tend to provide long-term jobs
while wind provides temporary jobs, mainly during the construction phase [57, 58]. Therefore,
we expect that those who value local jobs will express more support for nuclear over wind.

The third dimension pertains to the disruption in the local landscape [12]. Some might find
wind turbines to be ugly and not fitting well with the rural landscape, perhaps even imparting
an industrial feel to them. Nuclear plants, in contrast, tend to have a smaller footprint and are
less problematic in terms of their aesthetics. And in any case, any expansion of nuclear in
Washington state will probably take place within the Richland facility. Thus, people might
favor nuclear over wind for landscape aesthetic reasons.

The fourth dimension pertains to the stability of the electricity supply. Wind turbines gen-
erate electricity only when there is a sufficient wind flow, the so-called intermittency problem
[59]. Indeed, intermittency requires that wind systems have backups (typically, natural gas in
the United States) or are integrated with other energy sources which compensate for their
intermittent generation. Energy storage is another option for addressing the intermittency of
wind and solar [60]. Nuclear, in contrast, generates electricity 24X7. Thus, individuals who
value a stable electricity supply (for personal or professional reasons) will support nuclear over
wind. Based on the above discussion, we propose the following hypotheses.

H3a: Respondents attaching high importance to health effects support wind over nuclear at
the state level.

H3b: Respondents attaching high importance to local jobs support nuclear over wind.

H3c: Respondents attaching high importance to preserving local landscape support nuclear
over wind at the state level.

H3d: Respondents attaching high importance to stable electricity supply support nuclear
over wind at the state level.

The impact of the above four mechanisms-health, economy, landscape, and supply stabil-
ity—on respondents’ support for nuclear over wind might be conditioned by their proximity to
existing nuclear or wind facilities. This is because respondents, who live closer to these facili-
ties, are more familiar with or sensitive to the pros and cons of choosing specific energy
sources. Then, they can better associate each mechanism with either type of energy, which
implicitly influences their energy policy preferences. For example, among respondents attach-
ing high importance to the health effects, those living in the vicinity of nuclear plants might
favor wind over nuclear, being more sensitive to the risks of high radioactive leaks. On the
other hand, those living in the vicinity of wind facilities might recognize that wind energy is
relatively harmless firsthand and therefore support it over nuclear. Alternatively, wind energy
harms the local landscape and compromises the ruralness of their areas, or the moving of wind
turbines causes shadow flickers, which annoy local households.

H4a: Respondents attaching high importance to health issues will prefer wind over nuclear
at the state level when they live closer to the Richland power plant.

H4b: Respondents attaching high importance to health issues will prefer wind over nuclear
at the state level when they live closer to wind facilities.

Among respondents attaching high importance to local jobs, those living near nuclear
plants might support nuclear over wind. This is because these local communities appreciate
the fact that the construction of nuclear plants provides ample local jobs based on their experi-
ence, while they are less sure about the job creation effect of wind facilities. For the same rea-
son, those living near wind facilities expect more jobs from wind facilities firsthand but are
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unsure about the case of nuclear power plants. This might lead them to support wind over
nuclear.

Hb5a: Respondents attaching high importance to jobs will prefer nuclear over wind at the
state level when they live closer to the Richland nuclear power plant.

H5b: Respondents attaching high importance to jobs will prefer wind over nuclear at the
state level when they live closer to a wind facility.

Regarding the third mechanism, landscape aesthetics, respondents attaching high impor-
tance to preserving the local landscape and living in the vicinity of wind facilities might sup-
port nuclear over the wind. This is because they learned about the disruption of the local
landscape by wind facilities through their own experience. On the other hand, those living
near nuclear facilities do not associate landscape aesthetics with wind facilities so strongly.
Thus, for them, landscape aesthetics are not a strong reason for opposing wind.

Hé6a: Respondents attaching high importance to landscape aesthetics will not show a prefer-
ence for wind over nuclear at the state level when they live closer to the Richland nuclear plant.

Hé6b: Respondents attaching high importance to landscape aesthetics will prefer nuclear
over wind at the state level when they live closer to wind facilities.

Regarding the fourth mechanism, stable electricity supply, the public will equally associate
stable electricity with nuclear energy regardless of where they live. This is because they can
enjoy stable electricity generated by nuclear power plants irrespective of their geographical
location. Therefore, proximity to either nuclear or wind facilities will probably not condition
support for nuclear over wind.

H7: Respondents attaching high importance to stable electricity supply will prefer nuclear
over wind at the state level irrespective of where they live.

Data and methods
Data

We administered a survey to a sample of adult citizens who are 18 or older in Washington
State (N = 1200). After the approval from the Human Subjects Division of our institution
(#STUDY00014049), we pre-registered our survey (https://osf.io/hfyka?view_only=
3ebf29d821d4d0bb9005788{d286528). We employed the services of a commercial firm, Lucid,
to administer the survey between November 18-22, 2021. At the start of our survey, we
obtained written informed consent from survey participants. As shown in Table 1, we break
down our sample by region, gender, age, education, and party identification. Our sample is
representative of Washington state’s population in terms of age, gender, regional salience, edu-
cation, and party identification while females under 75 are slightly over-representative. How-
ever, the potential selection bias behind this does not affect our analysis because, in our
regression models, we include gender and age as covariates across models [61].

We are most interested in understanding support for nuclear energy in relation to wind
energy, how their support might be influenced by the pros and cons of these energy sources,
and by geography (specifically, distance from the closest existing wind facility or the Richland
nuclear facility). Our survey is structured as follows (the full text is available in Text A4 in the
S1 Appendix). Participants first read about the energy challenge in the State of Washington
arising from the increasing electricity demand, the decarbonization goal, and the move to shut
down coal and hydroelectric facilities. Next, we presented a table showing the pros and cons of
nuclear and wind power (See Table 2).

After the attention check questions, we then asked respondents to indicate their support in
terms of what percentage of new electricity capacity should be wind or nuclear. We provided
two slider scales (0-100%) for wind and nuclear so that respondents could choose the
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Table 1. Representativeness of our sample.

Gender and Age (American Community Survey 2019)

Region Gender Age In Sample (%) ACS (%)
Entire Female 18-24 8.1 5.5
Female 25-54 35.0 25.8
Female 55-74 17.2 14.6
Female 75 - 1.4 4.4
Male 18-24 3.0 6.0
Male 25-54 23.2 26.8
Male 55-74 9.7 13.7
Male 75 - 2.5 3.2
Eastern Female 18-24 8.1 6.7
Female 25-54 333 24.0
Female 55-74 23.9 14.8
Female 75 - 1.3 4.7
Male 18-24 3.0 7.0
Male 25-54 20.9 24.9
Male 55-74 5.8 14.2
Male 75 - 2.6 3.6
Western Female 18-24 8.0 5.2
Female 25-54 35.6 26.3
Female 55-74 14.6 14.6
Female 75 - 1.5 4.3
Male 18-24 3.0 5.7
Male 25-54 24.1 27.3
Male 55-74 10.8 13.5
Male 75 - 2.5 3.1
Education (American Community Survey 2019)
Region Education In Sample (%) ACS (%)
Entire High school incomplete or below 2.8 7.7
High school 18.5 21.6
College (no degree) 33.3 31.8
4-years college 30.2 23.8
Graduate school 15.2 15.1
Party Identification (American National Election Studies 2020)
Region Party In Sample (%) ANES (%)
Entire Democrat 45.0 429
Independent 32.0 36.4
Republican 23.0 20.7

https://doi.org/10.1371/journal.pone.0284208.t001

Table 2. Pros and cons of nuclear and wind.

Pros Cons

Nuclear | « Generates electricity whenever needed (24 hours « Communities living near nuclear plants face a
and 7 days a week) radiation risk
« A large number of permanent local jobs » Nuclear waste needs to be stored safely

Wind | « Farmers and rural landowners can earn income by | « Wind turbines clash with the rural landscape,
leasing their land to wind farms which could hurt land values
« New jobs, especially during the construction. « Electricity generated only when there is wind

https://doi.org/10.1371/journal.pone.0284208.t002
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combination of nuclear and wind to meet Washington’s future electricity needs. For example,
if the respondent supported 34% wind, then the respondent also automatically supported 66%
nuclear. This way, respondents could think about the salience of wind and nuclear together.
Our dependent variable is the difference in support level between nuclear and wind: that is, the
level of nuclear support (%) minus the level of wind support (%). This substantively represents
the desired percentage of the new electricity capacity of nuclear in relation to wind. The vari-
able ranges between -100 and 100: 0 means that respondents support nuclear and wind equally,
and positive and negative signs respectively mean “support nuclear more than wind” and “sup-
port wind more than nuclear.” In the above example, our dependent variable takes the value of
32% (66-34). With this measure, we cannot distinguish whether people support both or nei-
ther when the difference is 0% (50-50). However, this does not hamper our aim to capture the
relative support between nuclear and wind, as opposed to the support for one by itself.

To explore the mechanisms motivating respondents’ choices about the nuclear-wind energy
mix, we asked about the importance they attach to specific issues (also listed in the information
table). These are the health effects of electricity generation and waste disposal (Health), local
jobs and economic benefits (Job), disruption of the rural landscape (Landscape), and reliability
of electricity supply (Supply). The objective is to understand why respondents support a spe-
cific mix of nuclear energy in relation to wind energy.

We also included questions about other factors that could influence respondents’ support
for nuclear or wind energy. Specifically, drawing on the question about environmental atti-
tudes posed in World Values Survey, we asked respondents which statement is closer to their
point of view: “protecting the environment should be given priority, even if it causes slower
economic growth and some loss of jobs,” or “economic growth and creating jobs should be the
top priority, even if the environment suffers to some extent”. We also asked about respondents’
trust in the federal Nuclear Regulatory Commission, Washington State Department of Health,
and nuclear plant operators. Given the public concerns about safety, nuclear energy is subject
to a host of regulations at multiple levels, including by the NRC. These sorts of safety concerns
are less relevant for wind energy. Hence, we did not include any NRC equivalent for wind
energy. Finally, we asked standard demographic questions on gender, age, income, education,
race, religion, and political ideology.

Importantly, we asked for information about respondents’ residential zip codes to capture
the distance from existing energy facilities.

Model construction

To test our hypotheses, we constructed two multiple linear regression models. Model 1 assesses
the association between proximity to existing energy facilities (Dist_wind and Dist_nuclear)
and the support for nuclear over wind (Hypotheses 2ab). Variables Health, Job, Landscape,
and Supply capture the importance respondents attach (on a scale of 1-4, where 1 reflects “not
important at all”, and 4 reflects “very important”) to nuclear/wind’s health effects, economic
impact, landscape disruption and reliability in electricity supply (Hypotheses 3abcd).

We controlled for theoretically important variables that could influence the outcome vari-
able. In addition, we controlled for variables, including demographic factors that could influ-
ence both energy preferences and the proximity to energy facilities, given a potential selection
bias caused by the reverse effect of energy preference on where respondents reside [62]. Such
variables are environmental attitude (Env), trust in bodies regulating safety in the nuclear
industry (Trust_reg, Trust_health, and Trust_plant), and whether respondents reside in an
urban or rural area (Urban_rural). Additionally, we also explored a model by controlling for
whether respondents reside in Eastern or Western Washington.
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Our model controls for demographic variables: Gender, Age, Income, Education, Race, Reli-
gion, and Party Identification. Finally, the zip code information also helps us to identify
whether the respondents reside in an urban or rural whose climate and energy politics often
tend to diverge [63-65]. Thus, Urban_rural, included as a control in our models, is a binary
variable reflecting whether respondents live in urban or rural areas. Specifically, following the
U.S. Census, we coded the county in which a zip code is located as urban when its population
is greater than 10,000, and rural otherwise.

In Model 2, we introduce interaction terms to test Hypotheses 4ab, 5ab, 6ab, and 7. We
explore how the support for the nuclear-wind energy mix (the dependent variable) varies with
respondents’ valuation of Health, Job, Landscape, and Supply dimensions, conditional upon
respondents’ proximity to an energy facility. Thus, our model includes eight theoretically
important interaction terms between each issue (Health, Job, Landscape, and Supply) and the
distance variable (Dist_wind and Dist_nuclear). Dist_nuclear and Dist_wind respectively repre-
sent the distance (in miles) of the respondent’s county to the Richland nuclear power plant or
the closest wind facility.

Model 1.

Nuclear— Wind,
= o+ f,Dist.nuclear, + f§,Dist wind, + f,Health, + f3,Job, + f;Landscape, + f,Supply,
+ X,

where ¥ and X; are coefficients vector and demographic variable vector of respondent 7,
respectively.
Model 2.

Nuclear— Wind,
= o + p,Dist nuclear; + p,Dist wind, + f,Health, 4+ f,Job, + B.Landscape; + P Supply,
+ B.Distnuclear, - Health, + B Dist_nuclear, - Job; + p,Dist nuclear, - Landscape,
+ B, Dist-nuclear, - Supply, + p,,Dist wind, - Health, + f,,Dist wind, - Job,
+ B,;Dist wind, - Landscape, + f,,Dist- wind, - Supply, + yX,,

where y and X; are coefficients vector and demographic variable vector of respondent i,
respectively.

Estimation techniques

Dist_nuclear and Dist_wind are calculated as follows. Based on the collected respondents’ ZIP
code information, we obtained the coordinates where respondents live, using Datalntegration.
Info (https://dataintegration.info). Based on U.S. Energy Information Administration, we have
geocoded the existing nuclear and wind facilities in Washington state. Then, using the geo-
sphere package in R, we assessed respondents’ distance (WGS84 ellipsoid) in miles to the
nuclear power plant and the closest wind facilities and whether this proximity might play a
role in their choice of a particular energy mix. Fig 1 maps the location of the Richland nuclear
power plant and 21 existing wind facilities in Washington state and where respondents are
located.

We excluded some cases with missing values and non-attentive respondents from the origi-
nal sample for analysis. We administered the survey to 1200 respondents, of which 330
(27.5%) selected the option, “Don’t want to answer” for a series of questions. In addition, we
dropped inattentive respondents, who could not correctly answer any of the three attention
check questions included after the introduction text. Consequently, the usable sample for the
statistical analysis is 844. We recognize the debate on the potential bias by excluding
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Fig 1. The location of the nuclear power plant, wind facilities, and respondents.

https://doi.org/10.1371/journal.pone.0284208.9001

inattentive respondents. As reported in Table Al in the S1 Appendix, our substantive findings
do not change even when we include both attentive and inattentive respondents. Since our
dependent variable, which ranges between -100 and 100, is continuous, we employ the OLS
estimator to estimate Models 1 and 2. With Model 1, we estimate the coefficients of explana-
tory and control variables to see their direct effect on public preferences for energy mix. Then,
with Model 2, we estimate the average marginal effect of Health, Job, Landscape, and Supply,
that is, how these effects on support for energy mix are conditioned by how far respondents
live from existing energy facilities. Given our relatively small sample size, we use 90% confi-
dence intervals to test our hypotheses.

Results

First, we illustrate the distribution of the dependent variable: nuclear support (%)-wind sup-
port (%). Fig 2 shows the number of respondents who support different combinations of
nuclear and wind. The mean value is -14.538, and the 95% confidence interval is [-18.013,
-11.063] (p<0.001). This means that residents of Washington State support wind more than
nuclear energy, which supports Hypothesis 1.

Independent effects of geography and pros and cons

We first present the key result of Model 1 in Table 3. Full results, including race and religion,
are available in Table A2 in the S1 Appendix.

Does physical proximity to existing energy facilities shape respondents’ preferences for
nuclear over wind? We find that neither the distance to the existing Richland nuclear facility
nor the closest wind facility are statistically significant. Therefore, Hypotheses 2a and 2b are
not supported.
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Fig 2. The overall support for nuclear in relation to wind.
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Does respondents’ evaluation of the pros and cons of energy sources (Health, Job, Land-
scape, and Supply) influence their support for nuclear over wind? Those attaching high impor-
tance to stable electricity supply and landscape preservation are more supportive of nuclear
over wind (H3cd are supported), while respondents attaching importance to health are less
supportive of nuclear over wind (Hypothesis 3a is supported). Contrary to Hypothesis 3b, we
find concerns about local jobs drive support for wind over nuclear, rather than vice-versa, as
we had hypothesized. We speculate that the media attention on the economic payoff for
renewable energy might have created a perception of the high levels of local economic benefits
of wind facilities.

Regarding the control variables, Env has a statistically significant negative effect on nuclear
support, which suggests that those with pro-environment preferences support wind over
nuclear. This is consistent with the finding of the literature [25, 66]. Urban_rural is not statisti-
cally significant, which means that urban residents do not differ from rural residents regarding
their support for nuclear over wind. This contrasts with the previous findings that people liv-
ing in rural areas are less concerned about climate change [67] or findings of distinct prefer-
ences over the social and environmental impacts of renewables [23]. Positive and statistically
significant effects of Trust_reg and Trust_plant indicate that those who trust the Federal
Nuclear Regulatory Commission and nuclear plant operators support nuclear over wind,
probably because they feel that there is adequate oversight about nuclear safety issues. On the
other hand, those who trust the Washington State Department of Health support wind over
nuclear. Arguably, respondents probably do not think that the Department of Health monitors
radiation risks and hence their risk concerns about nuclear are not alleviated even when they
trust this state-level Health agency.

Regarding individual-level attributes, the younger generation (below 56 years old) is more
supportive of wind over nuclear. Likewise, Democrats are more supportive of wind over
nuclear than Republicans. This is consistent with the literature that finds that Democrats/liber-
als are more willing to pay for renewable energy and a carbon tax than Republicans/
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Table 3. Result of Model 1.

Model 1

Coef. SE
Dist_nuclear -0.029 0.044
Dist_wind 0.063 0.066
Health -5.896 1.649 | ***
Job -5.159 1.916 | **
Landscape 4.205 1.515 | **
Supply 9.262 2514 | ¥+
Trust_reg 4.370 2309 | *
Trust_health -10.090 2.016 | ***
Trust_plant 17.889 2.096 | ***
Env -17.761 3.940 | ***
Urban_rural 4.818 4.783
Male 8.901 3.262 | **
Age (Year of birth)
1946 to 1964 -13.570 8.253
1965 to 1996 -18.840 8.210 | *
After 1996 -15.426 9.318 | *
Income
$40,000 - $69,999 -0.485 4.029
$70,000 - $104,999 -3.851 4.400
$105,000 - $159,999 -9.189 5.253 | *
$160,000 - 1.055 6.577
Education
High school (incomplete) 91.985 44529 | *
High school 98.998 43.602 | *
College (no degree) 95.667 43.535 | *
4 yrs. college 96.635 43.558 | *
Grad. school 102.391 43.585 | *
Party Identification
Democrat -7.371 4302 | *
Independent 1.092 4.164
Intercept -93.862 46.343 | *
N 844
Adj. R? 0.323
Note
fp<o0.l
*p <0.05
**p <0.01
% p<0.001

https://doi.org/10.1371/journal.pone.0284208.t1003

conservatives [66, 68, 69]. On the other hand, male and high-educated people support nuclear
over wind. This is consistent with previous findings that female, higher-educated, or young
people are more supportive of renewable energy [23, 24]. We did not find a systematic associa-
tion between income level and support for nuclear over wind, which is consistent with Berg-
mann et al. (2006) and Allen Wolters et al. (2020) [23, 66]. In addition, religion and race do
not affect the level of support for nuclear over wind.
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Interaction effects of geography and pros and cons

Does the proximity to the existing energy facilities moderate how respondents evaluate the
pros and cons of nuclear and wind, and eventually their support for nuclear over wind at the
state level? To explore this issue, in Model 2, we interact Health, Job, Landscape, and Supply
variables with respondents’ distance from the Richland nuclear power plant and existing wind
facilities. The upper and lower panels of Fig 3 respectively show the average marginal effect of
Health, Job, Landscape, and Supply on support for nuclear over wind with 90% confidence
intervals by different levels of distance to the nuclear power plant and the closest wind facility.
When we adopt 95% confidence intervals, the range of distance where average marginal effects
are statistically significant becomes slightly smaller, but our main substantive results hold. The
regression table for the result of Model 2 is available in Table A3 in the S1 Appendix.

The upper panel of health shows that health concern reduces support for nuclear over wind
only when the respondents live at a distance greater than 100 miles from the Richland nuclear
facility. This is contrary to our expectations that health concerns will diminish support for
nuclear over wind when respondents live in proximity to the nuclear power plant (Hypothesis

Health Job Landscape Supply
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Fig 3. Average marginal effects of pros and cons. Note: Points indicate the average marginal effects and lines represent 90% confidence intervals. Statistically
significant average marginal effects are displayed in bold.

https://doi.org/10.1371/journal.pone.0284208.g003
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4a is not supported). This may be because living with a nuclear power plant eases rather than
intensifies their concerns about the health risks of nuclear power. Unlike Chornobyl or
Fukushima nuclear power plants, the Richland power plant has never caused a nuclear acci-
dent. On the other hand, the lower panel of health is characterized by the statistically signifi-
cant negative average marginal effect when the distance to the closer wind facility is less than
80 miles. This is the evidence that people living closer to wind turbines support wind over
nuclear for the health concern, which supports Hypothesis 4b.

The upper and lower panels of Job indicate that respondents attaching high salience to local
jobs and living closer to wind facilities are less supportive of nuclear over wind (Hypothesis 5b
is supported). However, we find no such effect for respondents living close to the Richland
nuclear power plant (Hypothesis 5a is not supported). This may be because people living close
to the Richland nuclear power plant see a small possibility of having another nuclear power
plant in the vicinity. Therefore, a higher salience of nuclear energy does not necessarily mean
local employment benefits for them.

The upper panel of landscape shows that those who live close to the nuclear power plant do
not prefer wind over nuclear even if they attach high importance to landscape (H6a is sup-
ported). The lower panel of landscape shows that as respondents attach high importance to
landscape protection, those living close to wind facilities (between 20 and 80 miles) are more
supportive of nuclear over wind. This is in line with our expectation for landscape destruction,
which supports Hypothesis 6b.

Lastly, the upper and lower panels of Supply show that as respondents attach more impor-
tance to stable electricity supply, their support for nuclear over wind increases. We can observe
this effect in most areas, except when the distance to the nuclear facility is less than 60 miles
and greater than 190 miles, and the distance to the wind facility is less than 30 miles. This
could be viewed as partially supporting Hypothesis 7, although its theoretical rationale is not
clear. Our findings are summarized in Table 4.

Conclusion

Against a backdrop of an aggressive energy transition plan in Washington State, this study
seeks to understand public support for nuclear in relation to wind energy. Drawing on the lit-
erature on public support for energy projects, we expected that proximity to existing energy
facilities, coupled with the varying importance respondents attach to health, landscape, local
jobs, and electricity stability dimensions, influence public support for nuclear over wind.
While most studies assessed public support in the context of a single energy source, this study
explored how respondents choose between two zero-emission energy sources, which is a more
realistic debate in the context of climate change. Furthermore, we systematically explored the
role of physical proximity to existing nuclear or wind facilities to understand the drivers of
respondents’ support for the state-level energy mix, and how it conditions the importance they
attach to health, landscape, local jobs, and electricity stability implications of nuclear and wind
energy. Overall, we highlight that the public does not assess the impacts of energy choices on
society uniformly.

Our main contributions are two folds. First, we build on the insights of NIMBY/YIMBY in
anovel way. As opposed to assessing support for a local project, we explore how support for a
state-level energy policy mix might be influenced by respondents’ prior exposure to energy
facilities. The intuition is that the benefits and costs of energy projects first-hand might shape
individuals’ preferences for energy policy choices. To our surprise, we find that the physical
proximity to existing energy facilities does not directly shape public support for nuclear in rela-
tion to wind. Rather, it moderates the effect of health, jobs, landscapes, and supply stability
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Table 4. Summary of hypotheses testing.

Hypothesis Finding

H1: Washington state will support wind over nuclear. Supported
H2a: Respondents residing closer to the Richland nuclear facility are less supportive of nuclear Not supported
over wind.

H2b: Respondents residing closer to wind facilities are more supportive of nuclear over wind. Not supported

H3a: Respondents attaching high importance to health effects of energy facilities support wind Supported
over nuclear.

H3b: Respondents attaching high importance to local jobs support nuclear over wind. Supported

H3c: Respondents attaching high importance to preserving local landscape support nuclear over | Supported
wind.

H3d: Respondents attaching high importance to stable electricity supply support nuclear over Supported
wind.

H4a: Respondents attaching high importance to health issues will prefer wind over nuclear when | Not supported
they live closer to the Richland power plant.

H4b: Respondents attaching high importance to health issues will now show a preference for Supported
wind over nuclear when they live closer to wind facilities.

H5a: Respondents attaching high importance to jobs will prefer nuclear over wind when they live | Not supported
closer to the Richland nuclear power plant.

H5b: Respondents attaching high importance to jobs will prefer wind over nuclear when they Supported
live closer to a wind facility.

Heé6a: Respondents attaching high importance to landscape aesthetics will not show a preference | Supported
for wind over nuclear when they live closer to the Richland nuclear plant.

H6b: Respondents attaching high importance to landscape aesthetic will prefer nuclear over Supported
wind when they live closer to wind facilities.

H7: Respondents attaching high importance to stable electricity supply will prefer nuclear over | Partially
wind irrespective of where they live. supported

https://doi.org/10.1371/journal.pone.0284208.1004

dimensions of nuclear and wind. This suggests that NIMBY/YIMBY insights, originally devel-
oped to understand local opposition to unwanted local facilities, are valuable for understand-
ing public support for energy policy choices at the state level.

To put these results in the context of Washington State, existing wind turbines and the
nuclear power plant are predominantly located in the rural Eastern part. Thus, the absence of
a direct association between proximity to existing energy facilities and preference for energy
policy mix suggests that the political urban-rural divide is not reflected in support for state-
level energy policy [70-73]. This is an important finding because scholars have noted the
emerging rural backlash on climate issues as reflected in the proliferation of restrictive ordi-
nances in rural counties that restrict utility-scale wind and solar projects. Future work should
explore how our findings might hold in the context of a proposed energy policy facility in the
neighborhood (to test NIMBY/YIMBY effects), as opposed to a hypothetical energy policy mix
at the state level.

Second, this paper underlines the importance of examining how individuals evaluate alter-
native energy sources. Think of the Russian invasion of Ukraine. The debate is on how to
reduce the energy (gas) dependence of Europe on Russia. There are several alternatives such as
a more aggressive exploration of gas supplies within Europe and imports from the U.S., a
higher role for nuclear, as well as a quicker switch over to renewables. Further, public support
for any source (say nuclear) is probably influenced not only by the pros and cons of nuclear
itself (health impact, local jobs, stable electricity supply) but also by those of other sources
which are in play in the policy discussion. For example, concerns about landscape aesthetics
associated with wind energy might sway the support of some respondents in favor of nuclear
energy. Taken together, public support for energy policy choices is influenced by which
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different energy sources are under consideration, their pros and cons are framed, and what
sort of prior experience individuals might have with any type of energy facility. This suggests
that to assess public support for a specific energy mix, policymakers should carefully tailor
their communication of the benefits and costs of different energy policy options to different
audiences.

Our results are generalizable across the US states (and perhaps across the world). As we
noted, renewable energy projects are facing local opposition, even in liberal states. Further,
there are 55 commercial nuclear power plants in 28 U.S. states which provides about 20% of U.
S. electricity and constitutes about half of emission-free electricity. With increased carbon
emissions and the Russian invasion of Ukraine, there is a renewed policy interest in nuclear
energy. Recently, the state of California has reversed itself and seeks to extend the regulatory
life of the Diablo Canyon plant which is scheduled to be shut down in 2025. Diablo Canyon
supplies 15% of California’s carbon-free electricity. Broadly, the regulatory licenses (typically
40 years) of most of America’s nuclear reactors will be expiring soon because they were con-
structed in the 1970s and 1980s. Yet, it is not clear what is the level of local support (as opposed
to national-level opinion polls) to relicense them or construct new plants. Thus, assessing local
support for existing nuclear plants is crucial in planning for the clean energy transition at the
state and national levels.

This paper has several limitations. First, we have focused on physical proximity to existing
nuclear and wind facilities, as opposed to perceptions about physical proximity. One might live
near a nuclear plant but not notice it. Or one might notice a wind turbine while driving to
work and believe that it is located in the neighborhood, although it is situated quite far from
the place of residence. Thus, future research should also ask about perceptions of proximity as
opposed to focusing on physical proximity alone. Moreover, this research design should be
replicated in other states, especially where nuclear energy plays a less visible role in meeting
state-level electricity needs.

Second, while we have focused on the nuclear versus wind debate, arguably, other energy
sources might be more relevant in different states or countries. Specifically, citizens might
debate solar versus wind or nuclear versus gas. Different energy sources have specific pros and
cons regarding local jobs, health impact, landscape aesthetics, and supply reliability. It would
be instructive to see how our results travel to other energy mixes. This is important for policy-
making because, with appropriate media framing, public support for energy sources could be
influenced by highlighting the pros and cons, at least at the margin, of energy sources.

Supporting information

S1 Appendix. Appendix for “Comparing public support for nuclear and wind energy in
Washington State”.
(DOCX)

Acknowledgments

We thank Syed Tauseef Hassan and two anonymous reviewers for their constructive
comments.

Author Contributions
Conceptualization: Azusa Uji, Jachyun Song, Nives Dolsak, Aseem Prakash.

Data curation: Jachyun Song.

PLOS ONE | https://doi.org/10.1371/journal.pone.0284208  April 26, 2023 17/21


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0284208.s001
https://doi.org/10.1371/journal.pone.0284208

PLOS ONE

Public support for nuclear and wind energy in Washington State

Funding acquisition: Nives DolSak, Aseem Prakash.

Investigation: Azusa Uji, Jaechyun Song.

Methodology: Azusa Uji, Jachyun Song, Nives DolSak, Aseem Prakash.

Project administration: Azusa Uji.

Software: Jachyun Song.

Supervision: Nives Dolsak, Aseem Prakash.

Visualization: Jachyun Song.

Writing - original draft: Azusa Uji, Nives Dolsak, Aseem Prakash.

Writing - review & editing: Azusa Uji, Nives Dolsak, Aseem Prakash.

References

1.

10.

11.

12

13.

14.

15.

16.

Bashir MF, Sadiqg M, Talbi B, Shahzad L, Bashir MA. An outlook on the development of renewable
energy, policy measures to reshape the current energy mix, and how to achieve sustainable economic
growth in the post COVID-19 era. Environmental Science and Pollution Research. 2022; 29(29),
43636—43647. https://doi.org/10.1007/s11356-022-20010-w PMID: 35416580

Pralle S, Boscarino J. Framing trade-offs: The politics of nuclear power and wind energy in the age of
global climate change. Review of Policy Research. 2011; 28, 323-346.

Inslee J. (2023) Energy & Environment. Available from: https://www.governor.wa.gov/issues/issues/
energy-environment

Department of Ecology. TransAlta Power Plant. 2023. Available from: https://ecology.wa.gov/
Regulations-Permits/Compliance-enforcement/TransAlta.

Wind Exchange. Wind Energy in Washington. 2023. Available from: https://windexchange.energy.gov/
states/wa

Lewis M. Forget Washington’s east-west divide; the real fight is rural vs urban. My Northwest. February
6.2018. Available from: https://mynorthwest.com/890515/forget-washingtons-east-west-divide-the-
real-fight-is-rural-vs-urban/

Flatt C. Two Washington bills, two different approaches to renewable energy projects. KUOW News
January 26, 2022.

Stang J. WA wind power farms may conflict with habitat preservation projects Projects addressing alter-
native power issues sometimes pit environmentalists vs. environmentalists. Crosscut, February 4.
2022.

Riley K, Blethen F, Fryer A, Higgins M, Rowe C, Winfrey C, et al. Seek compromise before siting solar,
wind farms in rural Washington. May 7, 2021. Available from: https://www.seattletimes.com/opinion/
editorials/seek-compromise-before-siting-solar-wind-farms/

Swofford J, Slattery M. Public attitudes of wind energy in Texas: Local communities in close proximity to
wind farms and their effect on decision-making. Energy Policy. 2010; 38(5), 2508—2519.

Olson-Hazboun S, Krannich R, Robertson P. Public views on renewable energy in the Rocky Mountain
region of the United States: Distinct attitudes, exposure, and other key predictors of wind energy.
Energy Research & Social Science. 2016; 21, 167—179.

Rand J, Hoen B. Thirty years of North American wind energy acceptance research: What have we
learned? Energy Research & Social Science. 2017; 29, 135-148.

Kaldellis J. Social attitude towards wind energy applications in Greece. Energy Policy. 2005; 33(5),
595-602.

Wolsink M. Wind power implementation: The nature of public attitudes: Equity and fairness instead of
‘backyard motives’, Renewable and Sustainable Energy Reviews. 2007; 11(6): 1188—-1207.

Walker C, Stephenson L, Baxter J. “His main platform is ‘stop the turbines™: Political discourse, parti-
sanship and local responses to wind energy in Canada. Energy Policy. 2018; 123, 670-681.

Sadig M, Wen F. Environmental footprint impacts of nuclear energy consumption: The role of environ-
mental technology and globalization in ten largest ecological footprint countries. Nuclear Engineering
and Technology. 2022; 54(10), 3672-3681.

PLOS ONE | https://doi.org/10.1371/journal.pone.0284208  April 26, 2023 18/21


https://doi.org/10.1007/s11356-022-20010-w
http://www.ncbi.nlm.nih.gov/pubmed/35416580
https://www.governor.wa.gov/issues/issues/energy-environment
https://www.governor.wa.gov/issues/issues/energy-environment
https://ecology.wa.gov/Regulations-Permits/Compliance-enforcement/TransAlta
https://ecology.wa.gov/Regulations-Permits/Compliance-enforcement/TransAlta
https://windexchange.energy.gov/states/wa
https://windexchange.energy.gov/states/wa
https://mynorthwest.com/890515/forget-washingtons-east-west-divide-the-real-fight-is-rural-vs-urban/
https://mynorthwest.com/890515/forget-washingtons-east-west-divide-the-real-fight-is-rural-vs-urban/
https://www.seattletimes.com/opinion/editorials/seek-compromise-before-siting-solar-wind-farms/
https://www.seattletimes.com/opinion/editorials/seek-compromise-before-siting-solar-wind-farms/
https://doi.org/10.1371/journal.pone.0284208

PLOS ONE

Public support for nuclear and wind energy in Washington State

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Sadig M, Wen F, Bashir M, Amin A. Does nuclear energy consumption contribute to human develop-
ment? Modeling the effects of public debt and trade globalization in an OECD heterogeneous panel.
Journal of Cleaner Production. 2022; 375, 133965.

Sadiq M, Shinwari R, WenF, Usman M, Hassan S, Taghizadeh-Hesary F. Do globalization and nuclear
energy intensify the environmental costs in top nuclear energy-consuming countries?. Progress in
Nuclear Energy. 2023; 156, 104533.

Hassan S, Batool B, Wang P, Zhu B, Sadiq M. Impact of economic complexity index, globalization, and
nuclear energy consumption on ecological footprint: First insights in OECD context. Energy. 2023; 263,
125628.

Hassan S, Wang P, Khan |, Zhu B. The impact of economic complexity, technology advancements, and
nuclear energy consumption on the ecological footprint of the USA: Towards circular economy initia-
tives. Gondwana Research. 2023; 113, 237-246.

Bashir MF, Pan Y, Shahbaz M, Ghosh S. How energy transition and environmental innovation ensure
environmental sustainability? Contextual evidence from Top-10 manufacturing countries. Renewable
Energy. 2023; 204, 697-709.

Hassan S, Batool B, Sadiq M, Zhu B. How do green energy investment, economic policy uncertainty,
and natural resources affect greenhouse gas emissions? A Markov-switching equilibrium approach.
Environmental Impact Assessment Review. 2022; 97, 106887.

Bergmann A, Hanley N, Wright R. Valuing the attributes of renewable energy investments. Energy Pol-
icy. 2006; 34(9), 1004—1014.

Kosenius A, Ollikainen M. Valuation of environmental and societal trade-offs of renewable energy
sources. Energy Policy. 2013; 62, 1148—-1156.

Noblet C, Teisl M, Evans K, Anderson M, McCoy S, Cervone E. Public preferences for investments in
renewable energy production and energy efficiency. Energy Policy. 2015; 87, 177—186.

Roe B, Teisl M, Levy A, Russell M. US consumers’ willingness to pay for green electricity. Energy Pol-
icy. 2001; 29(11), 917-925.

Borchers A, Duke J, Parsons R. Does willingness to pay for green energy differ by source?. Energy pol-
icy. 2007; 35(6), 3327-3334.

Himmelberger J, Ratick S, White A. Compensation for risks: Host community benefits in siting locally
unwanted facilities. Environmental Management. 1991; 15, 647—-658.

Benford R, Moore H, Allen J. In whose backyard?: concern about siting a nuclear waste facility. Socio-
logical Inquiry. 1993; 63, 30—48.

Kunreuther H, Fitzgerald K, Aarts T. Siting noxious facilities: A test of the facility siting credo. Risk Analy-
sis. 1993; 13,301-318

Hunter S, Leyden K. Beyond NIMBY:: explaining opposition to hazardous waste facilities. Policy Studies
Journal. 1995; 23(4), 601-619.

Schively C. Understanding the NIMBY and LULI phenomena. Journal of Planning Literature. 2007; 21,
255-266.

Devine-Wright P. Beyond NIMBYism: towards an integrated framework for understanding public per-
ceptions of wind energy. Wind Energy: An International Journal for Progress and Applications in Wind
Power Conversion Technology. 2005; 8(2), 125—139.

Ek K. Public and private attitudes towards “green” electricity: the case of Swedish wind power. Energy
Policy. 2005; 33(13), 1677—-1689.

Devine-Wright P. Public engagement with large scale renewable energy technologies: breaking the
cycle of NIMBYism. Wiley Interdisciplinary Reviews: Climate Change. 2011; 2(1), 19-26.

Kim'Y, Kim M, Kim W. Effect of the Fukushima nuclear disaster on global public acceptance of nuclear
energy. Energy Policy. 2013; 61, 822—-828.

Gamson W, Modigliani A. Media discourse and public opinion on nuclear power. American Journal of
Sociology. 1989; 95(1), 1-37.

Kemp R. Why not in my backyard? A radical interpretation of public opposition to the deep disposal of
radioactive waste in the United Kingdom. Environment and Planning A. 1990; 22(9), 1239—-1258.

He G, Mol A, Zhang L, Lu Y. Public participation and trust in nuclear power development in China.
Renewable and Sustainable Energy Reviews. 2013; 23, 1-11.

Coval J, Moskowitz T. Home bias at home: Local equity preference in domestic portfolios. The Journal
of Finance. 1999; 54(6), 2045-2073.

Garmaise M, Moskowitz T. Confronting information asymmetries: Evidence from real estate markets.
The Review of Financial Studies. 2004; 17(2), 405-437.

PLOS ONE | https://doi.org/10.1371/journal.pone.0284208  April 26, 2023 19/21


https://doi.org/10.1371/journal.pone.0284208

PLOS ONE

Public support for nuclear and wind energy in Washington State

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Nelson H, Swanson B, & Cain N. Close and connected: the effects of proximity and social ties on citizen
opposition to electricity transmission lines. Environment and Behavior. 2018; 50(5), 567-596.

Greenberg M. NIMBY, CLAMP, and the location of new nuclear-related facilities: U.S. national and 11
site-specific surveys. Risk Analysis. 2009; 29(9), 1242-54. https://doi.org/10.1111/j.1539-6924.2009.
01262.x PMID: 19572962

Jenkins-Smith H, Silva C, Nowlin M, DeLozier G. Reversing nuclear opposition: Evolving public accep-
tance of a permanent nuclear waste disposal facility. Risk Analysis. 2011; 31(4), 629-644. https://doi.
org/10.1111/j.1539-6924.2010.01543.x PMID: 21175714

Venables D, Pidgeon N, Parkhill K, Henwood K, Simmons P. Living with nuclear power: Sense of place,
proximity, and risk perceptions in local host communities. Journal of Environmental Psychology. 2012;
32(4), 371-383.

Thorpe R. Perverse politics: The persistence of mass imprisonment in the twenty-first century. Perspec-
tives on Politics. 2015; 13(3), 618—-637.

Uji A, Prakash A, Song J. Does the “NIMBY syndrome” undermine public support for nuclear power in
Japan? Energy Policy. 2021; 148, 111944.

Jerolmack C, Walker E. Please in my backyard: Quiet mobilization in support of fracking in an Appala-
chian community. American Journal of Sociology. 2018; 124, 479-516.

Milne J. Carbon tax choices: the tale of four states. In Weishaar S, Kreiser L, Milne J, Ashiabor H &
Mehling M (ed.), The Green Market Transition. Edward Elgar Publishing. 2017; 3-15.

Karceski S, Dolsak N, Prakash A, Ridout T. Did T.V. Ads Funded by the Fossil Fuel Industry Defeat the
Washington Carbon Tax? Climatic Change. 2020; 158: 301-307.

Ehret P, Van Boven L, Sherman D. Partisan Barriers to Bipartisanship: Understanding Climate Policy
Polarization. Social Psychological and Personality Science. 2018; 9(3), 308—-318.

Department of Ecology. Washington’s cap-and-invest program. 2023. Available from: https://ecology.
wa.gov/Air-Climate/Climate-Commitment-Act/Cap-and-invest

Walker J. Nuclear power and the environment: The Atomic Energy Commission and thermal pollution,
1965-1971. Technology and Culture. 1989; 30, 964—992.

Greenpeace. Nuclear power: Undermining action on climate change. 2007. Available from http://www.
greenpeace.org/usa/en/media-center/reports/nuclear-power-undermining-ac/

Gerber M. On the Home Front: The Cold War Legacy of the Hanford nuclear site. University of
Nebraska Press; 2007.

Blowers A. The Legacy of Nuclear Power. Routledge; 2016.

Munday M, Bristow G, Cowell R. Wind farms in rural areas: How far do community benefits from wind
farms represent a local economic development opportunity?. Journal of Rural Studies. 2011; 27(1), 1—
12.

Slattery M, Lantz E, Johnson B. State and local economic impacts from wind energy projects: Texas
case study. Energy Policy. 2011; 39(12), 7930-7940.

Suberu M, Mustafa M, Bashir N. Energy storage systems for renewable energy power sector integration
and mitigation of intermittency. Renewable and Sustainable Energy Reviews. 2014; 35, 499-514.

Hasan N, Hassan M, Majid, Rahman H. Review of storage schemes for wind energy systems. Renew-
able and Sustainable Energy Reviews. 2013; 21, 237-247.

Gelman A, Hil J. Data analysis using regression and multilevel/hierarchical models. Cambridge univer-
sity press; 2006.

VanderWeele T. Principles of confounder selection, European Journal of Epidemiology. 2019; 34:211—
219. https://doi.org/10.1007/s10654-019-00494-6 PMID: 30840181

Lutz A, Simpson-Housley P, Deman A. Wilderness: Rural and Urban Attitudes and Perceptions. Envi-
ronment and Behavior. 1999; 31(2): 259-266.

Lim S, Prakash A. How the Opposing Pressures of Industrialization and Democratization Influence
Clean Water Access in Urban and Rural Areas: A Panel Study, 1991-2010. Environmental Politics and
Governance. 2020; 30(4): 182—195.

Bonnie R, Diamond E, Rowe E. Understanding Rural Attitudes Toward the Environment and Conserva-
tion in America. Nicholas Institute for Environmental Policy Solutions of Duke University; 2020.

Allen Wolters E, Steel B, & Warner R. Ideology and value determinants of public support for energy poli-
cies in the US: a focus on western states. Energies. 2020; 13(8), 1890.

Howe P, Mildenberger M, Marlon J, Leiserowitz A. Geographic variation in opinions on climate change
at state and local scales in the USA. Nature Climate Change. 2015; 5(6), 596—603.

PLOS ONE | https://doi.org/10.1371/journal.pone.0284208  April 26, 2023 20/21


https://doi.org/10.1111/j.1539-6924.2009.01262.x
https://doi.org/10.1111/j.1539-6924.2009.01262.x
http://www.ncbi.nlm.nih.gov/pubmed/19572962
https://doi.org/10.1111/j.1539-6924.2010.01543.x
https://doi.org/10.1111/j.1539-6924.2010.01543.x
http://www.ncbi.nlm.nih.gov/pubmed/21175714
https://ecology.wa.gov/Air-Climate/Climate-Commitment-Act/Cap-and-invest
https://ecology.wa.gov/Air-Climate/Climate-Commitment-Act/Cap-and-invest
http://www.greenpeace.org/usa/en/media-center/reports/nuclear-power-undermining-ac/
http://www.greenpeace.org/usa/en/media-center/reports/nuclear-power-undermining-ac/
https://doi.org/10.1007/s10654-019-00494-6
http://www.ncbi.nlm.nih.gov/pubmed/30840181
https://doi.org/10.1371/journal.pone.0284208

PLOS ONE

Public support for nuclear and wind energy in Washington State

68.

69.

70.

71.

72.
73.

Truelove H, Greenberg M. Preferences for government investment in energy programs: Support for
new energy production vs. energy conservation. Environmental Practice. 2011; 13(3), 184—197.

Kotchen M, Boyle K, Leiserowitz A. Willingness-to-pay and policy-instrument choice for climate-change
policy in the United States. Energy Policy. 2013; 55, 617—-625.

McKee S. Rural voters and the polarization of American presidential elections. PS: Political Science &
Politics. 2008; 41(1), 101-108.

Scala D, Johnson K. Political polarization along the rural-urban continuum? The geography of the presi-
dential vote, 2000-2016. The ANNALS of the American Academy of Political and Social Science. 2017;
672(1), 162-184.

Rodden J. Why cities lose: The deep roots of the urban-rural political divide. Basic Books; 2019.

Mettler S, Brown, T. The growing rural-urban political divide and democratic vulnerability. The ANNALS
of the American Academy of Political and Social Science. 2022; 699(1), 130-142.

PLOS ONE | https://doi.org/10.1371/journal.pone.0284208  April 26, 2023 21/21


https://doi.org/10.1371/journal.pone.0284208

