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Abstract: The U.S. and Canada continue to face major changes in energy production. Mounting
awareness of the climate crisis has placed increasing importance on developing renewable energy
sources, however, advances in fossil fuel extraction technology have opened vast domestic reserves
of oil and natural gas. Public preferences for energy policy play a role in determining energy
futures, but researchers rarely simultaneously compare public views across multiple renewable and
non-renewable energies or across country boundaries. Here, we used a 2019 online survey sample
(n = 1500) to compare predictors of support for eight fuel sources for electricity generation in British
Columbia, Canada, and Washington and Oregon, USA. Results indicate the highest support overall
for renewables (wind, solar, wave/tidal energy, geothermal) and the lowest for fossil fuels (coal and
natural gas), nuclear, and hydropower. Mixed-effects regression modeling indicates that views on
climate and the balance between environment and economy were consistent predictors of support
across most energy types, while political ideology was less consistent. Perceived local importance
of both extractive and renewable energy industries were significant predictors of support for some,
but not all, energy sources, as were education and gender. Overall, our research suggests that while
divisions persist in public energy preferences for both renewable and non-renewable sources, there is
the broadest support for renewable energy technologies.
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1. Introduction

Many factors underlie energy policy decisions at state and federal levels, of which public opinion
is one [1-3]. A growing body of social science literature examines public preferences for various
energy sources [2,4-9], but studies rarely measure public opinion on more than a few energy sources
in the same survey effort (with some exceptions [2,10]), complicating a full picture of preferences
across renewable and non-renewable options. They also rarely incorporate populations from more
than one country. Many energy policy decisions are made at sub-national (rather than federal) levels
of government (e.g., U.S. State or Canadian Province) [11-15], and previous research has indicated
significant geographic variation in public opinion at these scales [16,17]. This suggests that research
examining public opinion at regional or smaller scales is particularly relevant. In the present research,
we compared public support across eight sources of energy for electricity generation (coal, natural gas,
nuclear, hydroelectric, wind, solar, wave/tidal, and geothermal) in the northwestern region of the U.S.
and Canada, and we assessed the relative influence of various factors on support for those energies.
We begin by briefly discussing electricity production in both countries (Section 1.1), then cover past
research on public energy preferences (Section 1.2), and finally introduce the present research and
region of focus (Section 1.3).
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1.1. Electricity Production and the Energy Transition in the U.S. and Canada

As with other countries in the world, the U.S. and Canada continue to face challenging choices
about future energy resources. Mounting awareness of the climate crisis has placed increasing
importance on reducing greenhouse gas emissions by proliferating renewable energy facilities and
discontinuing carbon-emitting technologies such as coal-burning power plants. However, the transition
away from fossil fuels has been slow, slower than in many other developed countries such as those in
West Europe [11], and slower than climate scientists say is necessary to prevent catastrophic climate
change [18-20]. The U.S. and Canada remain the top greenhouse gas emitters worldwide. The
slow pace away from fossil fuels is in part due to the availability of cheap natural gas, thanks to the
technological advances of the ‘shale revolution’ in the late 2000s as well as the development of Canadian
oil sands. Indeed, just as the climate movement has strengthened its messages about leaving fossil
fuels “in the ground’ in favor of renewable resources, natural gas production in the U.S. is historically
unprecedented and oil production is at an all-time high in both countries [21-23].

One fossil fuel that is decidedly on the decline in both countries is coal. Growing emphasis on
reducing CO, emissions, the economics of costly coal-plant upgrades, and perhaps most importantly,
the availability of abundant, cheap, natural gas has spurred a trend of replacing coal-fired power
plants with natural gas-fired power plants. For example, in the U.S. between the years 2005 and 2016,
334 coal power units (at 138 facilities) were decommissioned, while 612 new natural-gas-fired units
came online [24], and this trend is holding through 2019, with larger and larger facilities being shut
down [25]. The remaining coal plants in the Pacific Northwest region have nearing retirement dates,
and soon the entire region will generate all its electricity without burning coal. Similarly, Canada is
planning a full phase-out of coal by 2030 [26,27], substituting this portion of electricity generation
largely with natural gas facilities [28].

In contrast, the use of certain renewable resources to produce electricity is growing at a sharp
rate in both countries. Electricity production from wind power tripled in the U.S. between 2009 and
2019 [29], and provides over 6% of the electricity demand in both countries [27,30] with projections
suggesting it will continue to comprise more and more of the energy portfolio. Solar energy growth
rates have been even sharper, but currently, solar energy makes up just 1.5% of electricity production
in the U.S. and less than 1% in Canada. Newer renewable energy technologies such as wave energy
and tidal energy are, for the most part, still in the early stages of development, but hold potential in
both the U.S. and Canada for contributing to a carbon-free grid. Geothermal energy, though not new,
is still relatively rare, due in part to its dependence on a fixed geographic source. Overall, about 7% of
electricity in Canada [27] and about 10% in the U.S. [30] come from non-hydropower renewable energy
(like solar and wind).

Hydropower comprises 60% of electricity production in Canada, but only 7% in the U.S [30].
However, hydropower is regionally significant in our study, accounting for 90%, 39%, and 52% of
electricity generation in British Columbia, Oregon, and Washington, respectively [31,32]. Hydropower
is sometimes classified as a renewable energy resource. Although it is a resource that replenishes itself
and produces no greenhouse gas emissions, some argue that hydropower should not be considered as
‘renewable’, since it poses other concerning impacts on the environment including being a contributing
factor in the decline of Pacific Northwest salmon species [33]. In fact, environmental activism and
public pressure have led to the decommissioning of several major dams in the Pacific Northwest.
While it is unlikely that many new large-scale hydroelectric dams will be built in either country in the
future, opportunities for smaller-scale hydropower are expanding [34]. In the U.S., hydropower counts
toward state-level renewable portfolio standards (RPS) in some states, but not others.

Nuclear power remains a relatively significant contributor to the electricity grid, comprising 19%
of electricity production in the U.S. and 15% in Canada. Like hydropower, nuclear energy may be
viewed either as environmentally favorable or unfavorable. While uranium is a non-renewable resource
that requires mining and produces waste, electricity from nuclear power produces no greenhouse
gases and is considered by many to be a critical component of decarbonizing major energy economies
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like the U.S. and Canada [35]. However, nuclear power is highly contentious amongst members of the
public [36]. Intense controversies often develop around the siting of new nuclear facilities and waste
repositories [37] as well as the environmental and public health risks borne by uranium mining and
milling communities [38].

1.2. Public Opinion Research on Energy Preferences

Previous public opinion research on energy topics has found broad support for renewable
energy [2,8,39] and more divided views on fossil fuels such as natural gas [7,40] and nuclear energy [36].
Generally, opinion polls have found a declining trend in public support for the use of fossil fuels,
especially coal [2,4,9]. Natural gas presents an interesting case because it has been held up as a ‘bridge
fuel’ to aid the transition to a cleaner energy system and thus propel climate mitigation [41,42]. The
public is especially divided about the use of hydraulic fracturing or “fracking” to extract oil and natural
gas [7,43], although it is unclear how opposition for this extraction technology interacts with public
support for natural gas as a ‘bridge fuel’ away from coal.

Much of the research on the public’s views on renewable energy has focused on local level
factors influencing proximate residents’ responses to new energy facilities [44—48]. These studies have
found that local perception of renewable facilities can be more contentious than broad public opinion
about renewable energy [3,49]. In this vein of research, emphasis is often placed on understanding
locally-based opposition [50], though several recent studies have found nearby residents to be favorable
or even indifferent toward renewable energy developments [48,51,52]. Public responses to wind and
solar energy facilities are relatively well studied, but newer and less widespread renewable energies
such as geothermal and wave/tidal energy are less studied. Rarely (if ever) have studies compared
public support across a full suite of renewable technologies.

Across energy sources, several factors stand out as important in influencing public energy
preferences. In a recent review article, Boudet [53] proposes a “technology, people, place, process”
framework to categorize these factors and help order the state of knowledge on public perceptions of
energy technologies. The technology category refers how the public perceives various factors related
to the specific energy technology such as perceptions about its risks and benefits, the aesthetics and
visibility of the technology, and its impact on energy production and pricing. The people component
refers to sociodemographic and individual factors that can influence perceptions about energies such
as the individuals’ norms, political views, and level of trust in government or industry as well as
the influences of important others (e.g., elite cues, peer networks). The place category highlights
how local context shapes public energy preferences including how the specific energy might impact
landscape attachments or the local economy. Finally, the process component refers to procedural
fairness, transparency, and public involvement in decision-making around energy development.
Boudet’s framework captures the types of variables that are important in understanding public energy
preferences, though it would be challenging for any one study to examine all four categories. Below,
we discuss several of these factors in greater detail, specifically focusing on the people and place factors
identified by Boudet.

First, in terms of “people” factors, political ideology, and party affiliation have consistently been
shown to shape views about fossil fuels use in the U.S., with Republicans and conservatives being
more supportive of using fossil fuels [7,40,54,55] and indicating preferences for lighter regulation of
those sources [56,57] than Democrats and liberals. However, the two-party political system in the U.S.
may account for some of this extreme polarization on energy and climate topics between political
parties, and the effect of political ideology may be more nuanced in other countries with multiple
political parties. For example, in a recent study from European Union countries, political ideology was
a minor factor in predicting citizen policy priorities relevant to energy [58]. However, recent research
from Canada—a three-party country—found significant divides in support for hydraulic fracturing
based on political ideology, with conservatives being more supportive [59].
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Global warming views are also relevant to energy preferences, in part because of the extreme
political polarization over climate change, especially in the U.S. [60-62] with political leaders in many
U.S. states (as well as the current U.S. president) frequently dismissing the threat of climate change
and thwarting policy initiatives to phase out fossil fuels. Furthermore, the climate denial movement is
well-documented (again, especially in the U.S.) including the network of think tanks and industry
groups that have sought to limit the public’s concern about climate change and to discredit the work of
climate scientists [63-68]. Public opinion polling about climate change is consistently less favorable in
the U.S. than in Canada [69]. Recent estimates suggest that over 80% of the Canadian public thinks
that global warming is happening and 60% say it is due mostly to human activities [17], while just
67% of the American public thinks climate change is happening and only 53% say it that it is mostly
because of humans [16].

While global warming views are clearly relevant, it is not common practice to include this variable
in the analyses of public energy preferences [55,70]. Past work with climate views included has found
that believing that global warming is caused mostly by humans is significant for renewable energy
support in some studies, but not in others [45,71,72], and that the public does consider emissions
when weighing energy preferences [71]. Additionally, general environmental views have been found
to influence energy preferences [4,5,10,73,74], though this is also not consistently measured across
studies. Furthermore, environmental views and climate change beliefs may be more strongly related
to support for fossil fuels-based energies than for renewable energies, which seem to be less polarizing
overall. Though renewable energy is frequently construed as a climate mitigation strategy, it has other
rationales that are less politically divisive such as local economic development, national energy security,
and air pollution reduction [75-77]. In general, renewable energy has been found to be less divisive
along partisan lines than fossil fuels, though this can be context-dependent [78]. In fact, renewable
energy facilities have received strong support in politically conservative places [52,72,79-81] and tepid
and/or hostile receptions in politically liberal areas, even from self-identified environmentalists [82,83].

Next, certain sociodemographic factors are commonly included in studies on public energy
preferences. These typically include gender, race, age, education, and sometimes income. While
research shows that gender is somewhat inconsistently related to general environmental views [84],
it has a clearer relationship with risk perceptions about certain energy technologies (for example,
hydraulic fracturing and nuclear energy) [7,54,55,85], with women perceiving greater risk and showing
less support. A similar pattern has been shown for racial minorities [5]. Age, education, and
gender have had mixed results, with different studies finding positive, negative, or non-significant
relationships [40,43,74,85,86].

In terms of “place” factors, geographic and contextual factors influence public views about different
energies. Spatial variation in public energy attitudes has been found relating to the prominence of
energy industries in the local/regional economy [72,87], perceptions about the economic and/or cultural
significance of those industries [88-91], and individuals” distance from sites of energy extraction or
production [92-95]. Generally, the literature has shown that proximity has a positive effect, that is,
individuals living closer to sites of energy extraction and production are more supportive, though
this relationship may not hold for proposed (as opposed to existing facilities) or renewable energy
technologies and causality is unclear (i.e., does support precede or follow development?). Other
place-based factors found in the literature to be significant with environment and energy views include
place attachment [96], economic marginalization [85], and residence in a urban versus a rural area [97].

The main aim of this work was to compare public support for different energy technologies and
to identify the factors that predict these views. We were especially interested in the relative influence
of political ideology and global warming beliefs across the eight energies, given the intensely partisan
divide on climate change, growing awareness of the climate crisis, and the influence of these dynamics
on public energy debates in both countries. We also focused on the effect of perceived economic
importance of local energy industries on support, which we propose is increasingly relevant to study,
given the changing geographies of energy production [98].
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Somewhat unsurprisingly, our results suggest the most support for renewable energy sources,
specifically solar, wind, and wave/tidal energy, among our Pacific Northwest respondents, and the least
support for nonrenewable energy sources, specifically coal, nuclear, and natural gas. Views on climate
and the balance between environment and economy were consistent predictors of support across
most energy types, while political ideology was less consistent. Perceived local importance of both
extractive and renewable energy industries were significant predictors of support for some, but not all,
energy sources, as were education and gender. We also found evidence of some homogeneity across
British Columbia, Oregon, and Washington, but not within states/provinces, suggesting that certain
(unspecified) local-level factors might be influencing public opinion. Overall, our research suggests
that while divisions persist in public energy preferences for both renewable and non-renewable sources,
there is broadest support for renewable energy technologies, especially those that are more familiar.
However, we caution that even renewable energy sources in an environmentally progressive region are
subject to division, with wind energy suffering from partisan divisions, and hydro linked to concerns
about environmental impacts.

1.3. The Pacific Northwest

We utilized data from an online survey administered in September 2019 to residents of Washington
(WA), Oregon (OR), and British Columbia (BC). This region is known as environmentally progressive,
and the public from these states/province generally have higher levels of anthropogenic ascription to
global warming and greater support for a carbon tax than some other parts of the U.S. and Canada [16,17].
Furthermore, WA, OR, and BC are at the leading edge of climate and energy policymaking, though
this is facilitated in part by the region’s significant hydroelectric capacity (see Figure 1). In 2016, the
state of Oregon passed legislation to double the state’s RPS to 50% and retire all coal-fired electricity by
2030 [99], and even more recently, Washington’s Governor passed legislation to aggressively reduce
carbon emissions and attain 100% ‘clean” electricity by 2045 [100]. Oregon’s last coal-fired power unit
is slated to shut down in 2020; Washington’s in 2025. In BC, a 2010 rule required 93% of all electricity
to come from ‘clean or renewable sources’ [101], and the province has surpassed that goal.

‘ H Coal M Natural gas Petroleum Nuclear ®Hydropower B Renewables (Non-hydro) ‘
British Columbia | 90.5% 7.7%
Oregon  [XGA 39.0% 45.0% 11.0%
Washington 9.0% 16.0% 56.0% 8.0%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 1. Electricity production by source in British Columbia (BC), Oregon (OR), and Washington
(WA), 2019 [31,102,103].
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However, significant fossil fuel industries continue to thrive in each state and province. Though it
has no coal, oil, or gas mining, Washington hosts five major crude oil refineries that are supplied by a
network of pipelines and oil trains, comprising the fifth greatest capacity of any U.S. state to refine
0il [104]. Oregon has a few natural gas reserves, but mostly imports natural gas from Canada and other
U.S. states to power its natural gas fired units, which comprise the second-largest portion of the state’s
electricity after hydro [105]. Both Oregon and Washington have hosted proposals for some of the most
highly contentious fossil fuel export facilities nationwide [106-108]. Though BC gets no power from
coal currently, coal mining is a major industry in the province, with most being exported to Asian
markets [109]. Additionally, BC accounted for almost one-third of Canada’s natural gas production
and almost 2% of crude oil [110].

Given the dual existence of pro-climate policies and major fossil fuels industries, we argue that this
region is an especially interesting and relevant place to study public preferences for different sources
of electricity production. A number of municipalities in this region have passed local ordinances or
resolutions banning the construction of additional fossil fuels infrastructure facilities [111], in fact,
the area as a whole has been dubbed the ‘thin green line” of resistance between domestic fossil fuel
extraction and overseas export and consumption [106,112], though such resistance is likely clustered in
certain geographic parts of each state/province.

This paper turns next to the survey sampling, measurements, and analysis procedures, after
which we present the results, a discussion of findings, and our conclusions and recommendations.

2. Materials and Methods

2.1. Sampling, Matching, and Weighting Procedures

We contracted YouGov, a global public opinion vendor frequently used in public opinion research,
to recruit the sample and administer our survey. Online administration is widespread in contemporary
survey research [113], in part due to its convenience and relative affordability [114], but also due to
consistently declining response rates to more traditional survey modes such as mail, telephone, and
in-person data collection. While all survey modes could be subject to low response rates and resulting
non-response bias [115,116], online vendors can usually obtain the desired number of responses using
an online platform because of their large respondent pools. Additionally, high quality vendors such as
YouGov utilize strategies such as quota sampling and sample weighting to ensure that a convenience
(nonprobability) sample best approximates a probability sample, leading to more robust results. A
recent study by the Pew Research Center assessed the accuracy of online nonprobability samples [117].
Pew’s study showed that vendors using a more elaborate sampling procedure and weighted the data
to an appropriate target demographic profile yielded the most accurate results. YouGov is known for
its complex sample matching and weighting procedure that aims to select a representative sample
from a non-randomly selected respondent pool.

We requested that YouGov recruit 500 respondents from Oregon, Washington, and British
Columbia, with equal numbers from rural and urban counties/districts. YouGov originally interviewed
690 respondents for Oregon, 760 respondents for Washington, and 794 respondents for British Columbia
(2224 total), with about half from rural and half from urban counties.

YouGov then reduced the sample to 1500 respondents using a matching and weighting procedure
based on a sampling frame of gender, age, race, and education. This produced the final sample. For
Oregon and Washington, the sampling frame was constructed using stratified sampling from the full
2017 American Community Survey (ACS) 1-year estimates using selection within strata by weighted
sampling with replacements. For British Columbia, the frame was constructed using stratified sampling
from the 2012 full Canada Internet Usage Survey sample using selection within strata by weighted
sampling with replacements.

YouGov then weighted the matched cases to the sampling frame using propensity scores. The
matched cases and the frame were combined and logistic regression was estimated for inclusion in the
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frame. The propensity score function included age, gender, race/ethnicity, years of education, region,
and metro/non-metro. The propensity scores were grouped into deciles of the estimated propensity
score in the frame and post-stratified according to these deciles.

YouGov included the sampling weights in the final dataset. For Oregon and Washington, the
weights were post-stratified first by using the 2016 Presidential vote choice and a four-way stratification
of gender, age (four categories), race (four categories), and education (four categories), then on
metro/non-metro distribution from the November 2018 Current Population Survey (CPS) to produce
the final weights. For British Columbia, the weights were first post-stratified on a four-way stratification
of gender, age (four categories), race (four categories), and education (four categories), and then on
metro/non-metro distribution from the 2018 Census.

2.2. Data Quality and Attention Check

YouGov analyzed the final survey data for quality, and respondents were removed or replaced
who (1) indicated a patterned mode of response (e.g., those who chose only response options at the
far-left side of a grid-set of questions), (2) clearly sped through the survey instrument, and (3) failed an
attention check. The attention check was a singular item set in a grid of questions that asked, “No
matter how you answered on the other items, for your answer to this item, please select strongly
disagree.”

2.3. Question Measurement

The authors designed the survey instrument. Our dependent variables—support for eight energy
sources—were measured by asking respondents the following question, which was the first in the
survey instrument: “Consumers such as you have more and more say in how electricity is produced
in the U.S. To meet the country’s electric power needs over the next 25 years, new power plants will
have to be built. Companies and government agencies need to start planning today. How should we
meet this demand? For each power source listed below indicate whether you feel the U.S. should
REDUCE or INCREASE its use.” Power sources included Coal Power, Natural Gas Power, Nuclear
Power, Hydroelectric power (dams), Wind Power, Solar Power, Wave or Tidal Power, and Geothermal
Power. Respondents indicated their level of support for each energy resource by choosing from a
five-point scale that ranged from “Reduce a Lot” [1] to “Increase a Lot” [5], with “Keep Same” [3] as
the middle option. All dependent variables were collapsed into three categories (Reduce [0], Keep
Same [1], Increase [2]) due to data sparsity in some categories (e.g., very few respondents answered
“Reduce a Lot” for solar) and for ease of interpretation.

The survey instrument included a variety of factors discussed in the introduction section above and
shown in past research to be significant in predicting public opinion on energy issues. These included
sociodemographic characteristics (gender, age, race, and education) and whether the individual resided
in an urban or rural county. We also measured political ideology, belief in anthropogenic warming,
support for environmental protection over economic growth, and perceived importance of energy
industries to the local economy. Table 1 describes specifically how each measure was constructed and
coded, as well as presents raw (unweighted) descriptive statistics for each independent variable in
our analysis.
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Table 1. Descriptive statistics for independent variables (n = 1500).

Variable Question / Response Categories Frequency (n) or Mean (sd)
Male Are you male or female? (1) Male; (0) Female 42.2% (633) Male
In what year were you born? (Subtracted from
Age survey year, 2019). Range = 18 to 94 534 (16.2)
What racial or ethnic group best describes you?
(1) White; (2) Black; (3) Hispanic/Latino; (4) o . - .
Race Asian; (5) Native American; (6) Mixed; (7) 84.5% (1267) White, non-Hispanic
Other
What is the highest level of education you have
Education completed? (1) 4-year college degree 40.1% (602) Bachelors
[bachelors]; (0) Less than 4-year college degree
Metro Respondents’ county classified as metro or 50% (750) Metro
nonmetro
In ge.neral., how .WOUld you dgscrlbe your own Original coding: 2.7 (1.2); Collapsed
political viewpoint? (1) Very liberal; (2) Liberal; variable: 74.6% (1119) Not
Ideology (8) Moderate; (4) Conservative; (5) Very TR

conservative. Variable collapsed to (0) Not
Conservative; (1) Conservative

Conservative, 25.4% (381)
Conservative

Environmental priority

With which one of these statements do you
most agree? (1) Protection of the environment
should be given priority, even at the risk of
curbing economic growth; (0) Economic
growth should be given priority even if the
environment suffers to some extent.

72.5% (1087) Environment

Anthropogenic warming

Assuming global warming is happening, do
you think it is: (1) Caused mostly by human
activities; (0) Not caused mostly by human
activities

51.7% (775) Human activities

Community economic identity:

Mining

Now, we’d like to ask you some questions
about your local economy. Please indicate if
[Mining, refining, and utilities] is (1) not
important at all; (2) a little important; (3)
moderately important; (4) or very important to
your area.

30.8% (463) Not at all important; 38.3%
(575) A little important; 19.8% (297)
Moderately important; 11% (165) Very
important

Community economic identity:

Renewables

Now, we’d like to ask you some questions
about your local economy. Please indicate if
[Renewable energy production, like wind, solar,
or hydroelectric] is (1) not important at all; (2) a
little important; (3) moderately important; (4)
or very important to your area.

14.4% (216) Not at all important; 32.7%
(490) A little important; 27.3% (410)
Moderately important; 25.6% (384)

Very important

2.4. Analysis

We first present the (weighted) descriptive results for the respondents’ levels of support for the

eight energy sources and compared them across WA, OR, and BC. Next, we estimated eight random
intercept mixed effects regression models (one per energy source) to analyze the significant predictors of
support. Regression modeling is widely used in environmental survey research [55,87,92,112] because
it provides a method for understanding how certain social characteristics (such as education or political
ideology) may relate to individuals’ views on environmental topics. Using mixed effects modeling
(also known as multilevel modeling) allowed us to account for possible unobserved heterogeneity at
different spatial levels (known as random effects), in this case, county (or Canadian district) and state (or
Canadian province). A mixed effects modeling approach helps account for similarities (if there are any)
between respondents living in the same county/district or state/province [118] and is an increasingly
common approach for analyzing spatially-dependent survey data [72,92,119-123]. We used ordinal
logistic regression modeling instead of ordinary least squares linear regression modeling because our
dependent variables were categorical and not normally distributed (Supplementary Materials). We
estimated the multilevel ordered logistic regression models using Stata’s meologit command. Prior
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to running the regression models, we checked all variables for multicollinearity. In our results, we
present the odds ratios for the fixed effects coefficients (independent variables) and analyze for random
effects at both the county/district and state/province levels.

3. Results

3.1. Respondent Support across Energies and Location

Figure 2 presents response frequencies for all dependent variables, ordered from least to most
preferred. By far, coal had the least support, with 1152 out of 1500 respondents (77%) expressing
support for reducing the use of coal. Natural gas and nuclear also had relatively low support compared
with the other energies, with between a third to a half of respondents indicating they wished to phase
out these energy sources. Respondents expressed the most neutral views for hydroelectric energy,
with over a third saying they would like to maintain the status quo for this energy source. Renewable
energies had by far the most support from respondents, with three-quarters of respondents saying they
wished to see wind, solar, wave/tidal, and geothermal energy sources increased. Of these renewable
energy sources, solar had the most support and the least neutral views; clearly, respondents overall
favored solar over any other energy sources.

B Reduce mKeepSame M Increase

26%

25% 0%%
o 79% 83%

90%

50%
37% 24%
17% 10%
6%
£ [ 3%
* < * AN AN ey S
& & ° «@’b & g & o°
N N X 3 S 9
$°Q \.\’@ N & Sl
® & <

Figure 2. Respondent preferences for eight energy sources, ordered from the least to most preferred
(n = 1500). * Indicates significant state/province differences in support (p < 0.001). Respondents in
BC were more opposed to coal and nuclear than those in OR and WA. Respondents in OR were more
opposed to hydropower than those in WA and BC.

To test for significant differences by state/province, we calculated the Pearson chi-squared statistic
for respondent support for each of the eight energy sources (using the same 3-category variable used in
Figure 2 and in the regression analysis below). We found significant differences in respondent support
by state/province for coal (X? = 17.84, p < 0.001), nuclear (X? = 23.95, p < 0.000), and hydropower
(X2 = 34.53, p < 0.000). Overall, this analysis revealed that respondents in British Columbia were more
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opposed to the use of coal and nuclear than those in Oregon and Washington, and respondents in
Oregon were more opposed to hydropower than those in Washington and British Columbia. Despite
these differences, our results suggest a generally homogenous outlook on future energy sources
throughout the region.

3.2. Multilevel Regression Modeling to Analyze Predictors of Support

We discuss the results by first comparing the effect of independent variables across the eight
models, then by discussing the variance components to analyze random effects at the state/province
and county/district levels (Table 2). We also compared the model fit to consider the relative predictive
power of each model.

Table 2. Weighted ordered logistic multilevel regression models predicting support for the eight
energy sources.

Variable Coal Gas Nuclear Hydro Wind Solar Wave Geo
Male 0.645 1735+ 3140 % 1.137 0.727 0.886 1.997 ** 2,191 =+
Age 0.995 1.022 0.990 *** 0.993 1.006 0.995 1.002 1.009 **
White 0.908 0.784 1.110* 0.728 1.277 2,633 ** 1.460 1.201
Bachelors 0.479 ** 0.787 *** 1.260 0.812%%  2.668** 2368 *** 1.652 1.771%
Metro 1.721 0.815 2,040 *** 0.995 1372 0.989 0.742 0.767 *
Conservative 3.405 *** 1.989 2.083 *** 1.245 0.278 ** 0.410 0.711 0.897
Environmental 0.233 0.337 *** 0.422 ** 0.580 ***  3.851 *** 2.508 ** 1.714 1.078
priority
Anthropogenic 0.332 *** 0.449 * 0.700 ** 0.754 * 3.000 #* 5615 *** 2.074 ** 1.391
warmlng
Mining 1.428 * 1.201 *** 0916 0915 0.695 ** 0.617 ** 0.674 ** 0.766 ***
Renewables 0.968 1.038 0.881 1.190 ** 1279 1.629 *** 1.419* 1.206 **+*
Model characteristics
n (level 1, 1497 1496 1496 1497 1496 1497 1495 1493
individuals)
n (level 2, 105 105 105 105 105 105 105 105
county/district)
n (level 3, 3 3 3 3 3 3 3 3
state/province)
Level 2 variance 0.388 0.479 0.622 0.939 1.839 1.103 2.031 0.191
(county/districts)
Levegsfa‘t’:;;ame 0.000 0.000 0.000 0.120 0.000 0.000 0.000 0.000
AIC 1605 2759 2821 2894 1441 992 1720 2281
BIC 1616 2775 2832 2905 1457 1003 1735 2297

Odds ratios reported. * p < 0.05; ** p < 0.01; ** p < 0.001.

We first note the influence of the four sociodemographic variables. Odds ratios that are greater
than one indicates higher odds of support as the independent variable increases; odds ratios less
than one indicates lower odds of support as the independent variable increases. Gender had the
most pronounced effect on support for nuclear energy, with the odds ratio indicating that males have
about three times higher odds as females of being more supportive of nuclear energy (OR = 3.140,
p < 0.001). Males also had about 73% higher odds than females of being more supportive of natural
gas (OR =1.735, p < 0.001) and about twice the odds as females of being more supportive of wave/tidal
energy (OR =1.997, p < 0.001) and geothermal energy (OR =2.191, p < 0.001). Age was a statistically
significant predictor of support for nuclear and geothermal energies, but we note that the odds ratios
were very close to one, thus indicating an effect of little practical significance. Being white was a
statistically significant predictor of support for two energy sources: the odds of supporting solar were
two and a half times larger for white respondents than non-white (OR = 2.633, p < 0.001) and ten
percent larger for nuclear. Education significantly predicted support for all energies except wave/tidal
and nuclear. Compared to respondents without a Bachelor’s degree, those with a Bachelor’s degree
had lower odds of supporting coal (odds ratio = 0.479, p < 0.05), natural gas (OR = 0.787, p < 0.001)
and hydropower (OR = 0.812, p < 0.001), but about twice the odds of supporting wind (OR = 2.668,
p < 0.001), solar (OR = 2.368, p < 0.001), and geothermal (OR = 1.771, p < 0.05). Finally, respondents
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living in an urban county had higher odds of supporting nuclear, twice as high as those in a rural
county (OR = 2.040, p < 0.001), and about 25% lower for supporting geothermal (OR = 0.767, p < 0.05).

Next, political ideology was a statistically significant predictor in three models: coal, wind,
and nuclear. The odds of being more supportive of coal were about three and a half times larger
for respondents who identified as politically conservative than for those who did not (OR = 3.405,
p < 0.001), and two times larger for nuclear (OR = 2.083, p < 0.05). Conservatives had notably lower
odds of supporting wind energy, about 75% lower than those who did not identify as conservative
(OR =0.278, p < 0.01).

Environmental priority and anthropogenic warming were both statistically significant in many of
the eight models, although anthropogenic warming was consistent in more models and had larger
effect sizes. Respondents who indicated they prioritized environmental protection over economic
development had higher odds of supporting wind, solar, and wave/tidal and lower odds of supporting
nuclear, natural gas, and hydroelectric energy. Anthropogenic warming was a statistically significant
predictor for all energies except geothermal; it was positively related to support for solar energy
(OR =5.615, p < 0.001), wind energy (OR = 3.090, p < 0.001), and wave/tidal energy (OR = 2.074,
p <0.01), and negatively related to support for coal (OR = 0.332, p < 0.001), nuclear (OR = 0.700,
p < 0.01), natural gas (OR = 0.449, p < 0.05), and hydropower (OR = 0.754, p < 0.05).

In terms of the importance of local industries, we found statistically significant effects for both
mining/refining/utilities and renewable industries. The odds of supporting coal were about 40% higher
for respondents who felt mining/refining/utilities were important to the local economy than those who
did not (OR = 1.428, p < 0.05) and 20% higher for supporting natural gas (OR = 1.201, p < 0.001), but
30-40% lower for wind (OR = 0.695, p < 0.001), solar (OR = 0.674, p < 0.001, wave/tidal (OR = 0.674,
p <0.001), and geothermal (OR = 0.766, p < 0.001). In terms of renewable industries, the odds of
supporting increased use of solar energy were over 60% higher for respondents who felt these industries
were locally significant (OR = 1.629, p < 0.001), 40% higher for wave/tidal (OR = 1.419, p < 0.05), and
20% higher for hydroelectric (OR = 1.190, p < 0.01) and geothermal (OR = 1.206, p < 0.001).

As odds ratios are difficult to interpret in terms of the effect sizes, we have produced a set of
predictive margins plots for one explanatory variable to provide a clearer example of model effects.
Figure 3 displays eight predictive plots (one per energy source) that compare the relative probabilities
for conservatives” and non-conservatives’ preferences that each energy source be reduced, kept at the
same production rate, or increased (holding all other variables in the regression models constant). The
plots for coal, natural gas, and nuclear show that conservatives have a lower probability of wanting
reduced production of these three energies than non-conservatives, and a higher probability of wanting
to increase the use of these three energies. Conservatives were also more likely to say they wanted to
keep the use of coal at status quo levels, but this was not the case for natural gas or nuclear, where
the two groups did not vary substantially. In the remaining five plots (hydroelectric, wind, solar,
wave/tidal, and geothermal), conservatives and non-conservatives were more similar to each other; this
is especially the case in the solar, wave/tidal, and geothermal plots where (as evidenced by the very flat
lines between the two groups) conservatives and non-conservatives had fairly equal probabilities of
indicating all three response options. These plots also show that all respondents had a high probability
of wanting to increase the use of solar and a much lower probability of wanting to reduce or keep the
use of these energies at the same level. The plot for wind, though similar, shows a slightly different
story, with conservatives, compared with non-conservatives, having a lower probability of wanting
to increase the use of wind and a higher probability of wanting to reduce wind energy or keep it at
the same level. Still, the plot for wind showed that respondents as a whole had a higher probability
of wanting to increase, rather than reduce, the use of wind energy. Finally, the plot for hydroelectric
showed that conservatives had a higher probability of wanting to increase this energy source and
slightly lower probabilities of wanting to reduce or keep the use of this energy the same.
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Figure 3. Predicted margins plots for support for eight energy sources by political ideology, with 95%
confidence intervals. Predictive margins plots hold all other variables in regression models constant.
(* denotes that ideology was a statistically significant predictor variable in the regression model).

Next, we examined the variance components of our regression models to assess the presence of
random effects at state/province and county/district levels, essentially assessing the potential influence
of local contextual effects on public opinion at different geographic levels. Level 3 variance components
suggest that there was no pattern in public opinion based on what state or providence the respondents
lived in. In contrast, Level 2 variance components suggest that opinion was patterned based on what
counties/districts respondents resided in.

Finally, we assessed AIC and BIC as measures of relative model quality. Lower values of the AIC
and BIC indicate models with a better fit. Thus, the values presented in Table 2 indicate that the solar,
wind, wave, and coal models were better fit than those for nuclear, natural gas, hydro, and geothermal
models, suggesting that there might be other variables not captured in this study that might better
predict public opinion on the latter four energies.
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4. Discussion

We used an online survey sample to measure public support for eight different sources of electricity
in WA, OR, and BC. The highest support amongst respondents was for non-hydro renewable energy
sources: wind, solar, wave/tidal, and geothermal. Coal by far had the least support, followed by nuclear,
natural gas, and hydroelectric. Our regression modeling revealed that political divisions existed
for some (but not all) energy sources, suggesting that some energy resources enjoy broader public
appeal than others. Electricity sources that were politically polarized were coal, nuclear, and wind.
Interestingly, other less prevalent renewable energy sources—solar, wave/tidal, and geothermal—did
not show the same political divisiveness. Although natural gas showed relatively low respondent
support compared with renewable resources, this support did not appear to be politically polarized.
This finding suggests that political liberals may not have settled on a position about natural gas’s
merit as a ‘bridge fuel’ to replace coal-fired energy, versus its own greenhouse gas contributions and
other environmental impacts. That renewable energy sources were largely not politically polarized is
consistent with the literature, though we note the political division over wind energy in our sample. It
is possible that this stems from the pattern of wind energy development in this region, such that it
is often built in more politically conservative rural counties, though we did not see the same divide
between urban and rural residents. It could also be related to elite cues in the form of negative and
politicized discourse about wind energy from leaders like the U.S. President Donald Trump and
others [124].

Belief in anthropogenic warming was a more consistent predictor of support for different electricity
sources than political ideology. In the case of natural gas, respondents who attributed warming to
human activities were about half as likely to indicate support, suggesting that greenhouse gas emissions
were a relevant factor in weighing the upsides and downsides of this resource. Anthropogenic warming
was also a strong predictor of support for all renewable resources except geothermal energy, as was
placing priority on environmental protection over economic development. Thus, even though we
found evidence suggesting most renewable energies are not politically polarized, our respondents
expressed deep divisions on the basis of environmental views, which themselves have long been
politically polarized [61,125]. This finding is consistent with a 2015 study by Steel et al. in Oregon
and Washington [74], which also found that environmental views mattered for all renewable energy
sources except geothermal.

Our findings also suggest that nuclear energy is more politically divisive than hydropower, and
nuclear also had less support overall. We are not surprised by this finding, given the history of
contentious debate over the risks of nuclear energy, and in light of the region’s abundant hydroelectric
resource and its reliance on hydropower to achieve clean energy goals. We were also not surprised that
support for environmental protection was related to lower support for both energy sources. However,
the finding that belief in anthropogenic warming was also related to lower support for both was
puzzling, given that both energy sources are carbon-free. This result either highlights gaps in public
knowledge about these energies or simply indicates that individuals who acknowledge human-based
warming also have concerns about using nuclear and hydropower as a solution (and would likely
prefer other renewable resources).

We found evidence suggesting that respondents from the same county/districts felt somewhat
similarly toward the various energy sources, though our model did not account for what specific
local factors might be responsible for this. Previous work has found that local significance of energy
industries can favorably influence residents’ perceptions of those energy sources, and even unfavorable
influence their perception of new or different energy sources [72,87,89,92]. In this study, we found
that perceived local economic importance of energy industries was related to all energy types except
nuclear, though we caution that our measure was based on respondent perception. Future research
could refine this measure in various ways including tying it to the objective economic contributions of
each energy source to different localities. Furthermore, though we did find some differences between
respondents’ energy preferences in the bivariate analysis (British Columbia respondents were less
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favorable toward coal and nuclear, and Oregon respondents were less favorable toward hydropower),
we did not see the same effects in our regression modeling once control variables were accounted for.
This suggests that the two states and province make up a cohesive region, at least in terms of public
energy preferences, and that region (even if it crosses national boundaries) is a worthwhile level of
analysis. Our results also suggest that local-level factors may shape public preferences more than state
or national factors.

The strong, positive effect of gender on support for wave/tidal, nuclear, natural gas, and geothermal
energy is something worth examining in future studies. Previous work has found differences in male
versus female support for risky technologies [55,84], and these four sources could be perceived as
more risky than the other four either because they are unknown/new (in the case of wave/tidal and
geothermal) or because they have been attributed as bearing risky effects (e.g., nuclear meltdown and
hydraulic fracturing).

Some limitations to our study are worth mentioning. First, we focused on utility-scale electricity
production and did not ask the respondents about their preferences for distributed or community-scale
electrical generation. However, while our measures specifically asked about preferences for new
power plants, some of our respondents may have answered favorably to solar energy (for example)
because they support residential, rooftop solar. Thus, future studies should try to more specifically
parse out preferences for both utility-scale and distributed energy generation. Second, though our
dataset underwent complex matching and weighting procedures, we ultimately relied on convenience
sampling rather than scientific random sampling, thus limiting generalizability. Furthermore, we
acknowledge that there are likely missing explanatory factors, particularly related to process and place,
that could be significantly related to public energy preferences. Finally, we asked about preferences
for energy technologies that were likely less familiar to the majority of respondents (for example,
wave/tidal and geothermal), and we did not control for respondents’ familiarity (although the literature
consistently finds that the public is unfamiliar with energy technologies in general [53]). It remains to
be seen how these more unfamiliar technologies will come to be represented (for example, the degree
to which they are associated with climate mitigation or the degree to which they become politically
polarized) as they become increasingly common in energy production.

5. Conclusions and Recommendations

Much remains to be determined about the future of energy in both the U.S. and in Canada, and
public preferences will help shape that future. As coal phase-out continues in an effort to decarbonize
electricity production, will coal continue to be largely replaced by natural gas-based electricity? Will
renewable energy continue to proliferate at the same rate or faster, and how quickly will newer
renewable energy technologies come online? Will nuclear and hydropower maintain their current
share of non-greenhouse gas emitting electricity production, or will these sources decline as facilities
reach their expiration dates and are not replaced due to unfavorable economics and public opposition?

These questions highlight some uncertainties about the future of electricity production in British
Columbia, Oregon, and Washington. In this region, the continued shift toward carbon-free electricity
production depends not only on ongoing renewable energy development, but also continued reliance
on hydroelectric energy and, at least in Washington State, continued use of nuclear energy. Additionally,
since the use of coal in this region is already set to fully phase out in the near future, a major uncertainty
is how much electricity production will be generated from natural gas. Though past studies have
found that the public is divided about natural gas extraction techniques [7], natural gas as an electricity
source has been framed by industry and governments as a bridge fuel to a cleaner energy future (even a
‘clean fuel” in some cases) [126]. At the same time, many climate activists see it as a ‘bridge to nowhere’
that impedes progress on renewables.

The purpose of the present research was to measure citizens’ energy preferences (and the predictors
thereof) in a globally significant region that hosts progressive climate policy and politics alongside
immense fossil fuel production (British Columbia) and export (Oregon and Washington) potential.
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Unlike most public opinion studies, our study incorporated both urban and rural areas, which is
important given that much energy production and export takes place in periphery or rural areas.
Furthermore, our study is unique in that we measured the energy preferences across a large suite of
energy sources including renewable and nonrenewable sources as well as familiar and unfamiliar types
of renewable energies such as wave/tidal and geothermal. We found the highest support for renewably
generated electricity, and we note that respondents were not politically divided for three of the four
non-hydro renewable energies, a significant finding given the substantial political divide on climate
mitigation policy in the U.S., especially, but also in Canada. We note, however, that respondents were
somewhat more ambivalent toward wave/tidal and geothermal energies, which could indicate less
familiarity with these types of renewables. One recommendation to come out of this work is for energy
changemakers and developers alike to pursue both greater use and wider communication about these
less familiar renewable energy sources; indeed, our research suggests that diverse residents of this
region are open to greater use of them.

Though we found the highest support for renewable sources of electricity, we caution that
even these sources in an environmentally progressive region are subject to division, with wind
energy suffering from partisan divisions and hydroelectric energy linked to concerns about
environmental impacts. Thus, another recommendation based on this research is for policymakers and
non-governmental organizations to work to depoliticize wind energy and seek to avoid polarization
around other non-hydro renewables. One method of doing this could be to use non-climate based
frames to discuss and justify further development of these resources; indeed, some other recent work
has also come to similar conclusions [75-77].

Perhaps even more relevant to the future of a carbon-free energy transition are public attitudes
about natural gas, nuclear, and hydropower, all of which had lower levels of support than the four
renewable (non-hydro) energies, but which comprise a significant portion of the current electricity
portfolio in this region and are likely important components of a renewable energy future to provide
baseload support for more intermittent renewable energy generation. This finding suggests possibly
bitter battles ahead in the Pacific Northwest (and other regions like it) as policymakers and energy
planners seek to balance public preferences for non-hydro renewable sources with the everyday realities
of meeting energy demand in the context of changing political and physical climates.
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