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CHAPTER 1:

INTRODUCTION

The United States (U.S.) saw a 19 % increase in solar capacity between 2020 and
2021, following the trend of solar energy being the largest portion of new electricity
generating capacity since 2019 (Lyons & Bristol, 2022). This growth, both residential
and commercial, is distributed across the country even in unexpected locations; for
example, in the traditionally conservative state of Texas, where previous research
suggests solar would be less prevalent due to political associations with solar installation,
the capacity of solar that was added in 2021 was greater than that of California (Lyons &
Bristol, 2022). Globally, solar energy has become increasingly available and technically
viable while also increasing in affordability (IPCC Working Group III, 2022). Residential
solar has accounted for about one-fifth of the total solar energy generation growth in the

U.S. over the past decade (Davis et al., 2022).

Research into solar panels and the people who have them has increased, in part
due to the ever-growing presence of residential solar installations and the benefits of solar
power generation to offset fossil fuel emissions and mitigate climate change (Davis et al.,
2022; Hawken, 2017). Prior investigations surrounding solar panels and the people likely
to adopt them have shown that while some traits, such as higher income and liberal-
leaning political ideology, do predict solar panel installation, these causal explanations
are relatively weak (Baranzini et al., 2017; Best et al., 2019; Bollinger & Gillingham,
2012; Schelly & Letzelter, 2020). Most prior research on the social aspects of household

solar has focused on who tends to install solar and their reasons for doing so. The idea of



solar presence itself changing an individual’s opinion is another gap in research that
needs to be studied to better understand the policy implications and public acceptance of

solar energy generation within neighborhoods.

Another gap found in this prior research is in the attention to the neighborhood
effect, or how the surrounding environmental influences on an individual’s behaviors or
attitudes, regarding solar panel density in the surrounding area. This research, therefore,
takes a novel approach to understanding the social implications and neighborhood effect
of residential solar: rather than studying who installs solar panels on their home, I
examine if the presence of solar panels (on one’s home or in one’s neighborhood)
correlates with an individual’s civic engagement and environmental views - such as
opinions about climate change and energy policies. As the residential solar market share
grows, it is important to understand how this growth may or may not influence the
political and regulatory landscape for clean energy, since rooftop solar owners (or people
in neighborhoods with high concentrations of solar) may be motivated to preserve and
expand a favorable policy environment for clean energy (Stokes & Breetz, 2018).
Rooftop solar presence increases at an exponential rate once introduced to a
neighborhood, which thus affects what individuals see and observe just as quickly
(Curtius et al., 2018). This change can have an important influence on solar panel

adoption as well as those factors listed above.

In this research, I analyzed multiple waves - November 2016, March 2018, and
April 2019 - of a large nationally representative georeferenced survey data led by the
Climate Change in the American Mind (CCAM) project, jointly run by the Yale Program

on Climate Change Communication and George Mason Center for Climate Change



Communication (Leiserowitz et al., 2021). In combination with the survey results, [ used
remote sensing imagery of the neighborhoods of survey respondents using GIS software,
to determine the potential influence residential solar has on an individual’s actions and

opinions, including both people who live in homes with solar installations and those who

live near others who have solar installations.



CHAPTER 2:

LITERATURE REVIEW

The following literature review begins with the transition from fossil fuel-based
energy generation to renewable energy, specifically residential solar energy production. I
then explore the connection between this transition and its impact on various aspect,
including local and federal legislation, neighborhood effects, climate, income levels, and
individual personalities and opinions.
Phasing Out Fossil Fuels And Phasing In Renewables

Fossil fuels have been an important source of energy production and economic
growth since the Industrial Revolution. Consequently, the fossil fuel industry has
developed a large influence on policies related to the energy production sector (Stokes,
2020). While renewable energy technologies, particularly solar energy generation, have
existed for more than 50 years, these sectors are facing a large obstacle in overcoming the
stranglehold that fossil fuel energy generation companies have on utilities and power
grids in the U.S., as well as other issues which include end of life waste (e.g discarded
batteries, solar panel components) and power storage (Hawken, 2017). Phasing out
contemporary, fossil fuel energy production is heavily influenced by policy, and while
there has been legislation put in place to phase out coal-fired power plants across the
nation, this legislation often takes many years to have an impact and has been changed
and weakened along the way (Stokes, 2020). For example, legislation can be altered and

weakened by including exceptions for current utilities that allow them to proceed without



change or setting goals that are optional instead of mandatory and extremely easy to

achieve or have already been achieved (Stokes, 2020).

Policies to phase out fossil fuel energy in the U.S. are often weakened through the
legislative process for many reasons but one specific is the promise of job replacement
not being kept (e.g. unemployment spiked for coal workers after plants shut down)
(Collins, 2019). The opposition toward the phase-outs might be misplaced as some
workers have been retrained to work in natural gas energy production, which has taken
over a significant sector of energy production since 2011 (Davis et al., 2022). The switch
from coal to natural gas means fossil fuels remain a larger share of energy production
than renewables, despite arguments that natural gas can serve as a bridge fuel (Davis et
al., 2022). Jacquet and Stedman (2013) compared the community impacts of natural gas
and wind energy generation, finding that often those impacted by either installation are in
favor of wind energy mainly due to less perceived risk being associated with wind
energy. While favorability of wind energy does help with the transition from fossil fuels
somewhat, natural gas energy production is increasing at similar rates as renewables
(Davis et al., 2022). The coal industry, however, is considered to be in a “death spiral”, or
a transition phase, which has led to a call from workers for a simple and structured
transition from mining and coal electricity production, to other work opportunities as well
as a call for help with retraining or relocation (Mayer, 2022). Partisanship does not
appear to affect how miners in communities feel about assistance with relocating, taking
retraining classes, and having pension protection (Mayer, 2022). Knowing that people
who are dependent on and base their livelihoods on the fossil fuel industry are willing to

adapt and adjust is key for some, not all, policymakers in understanding how to help



communities transition to a more diverse renewable-based energy society (Bergquist et
al., 2020). The economic benefits of switching to renewables are not being created at the

pace needed to dampen the impact of the decline of coal (Bergquist et al., 2020).

Recent legislation, The Bipartisan Infrastructure Law and Inflation Reduction
Act, have allayed previous federal patterns by being the largest investment from the
federal government in clean energy production (Landrieu, 2022). This law not only
invested money into clean energy, it also invested money into the transition away from
fossil fuel energy production by allotting money for the retraining and help to those

involved throughout the supply chain of fossil fuel energy generation (Landrieu, 2022).

The Inflation Reduction Act that was passed near the end of 2022 provided large
sums of money to help prompt the transition to cleaner and renewable energy (Podesta,
2023). It includes measures that incentivize the adoption of residential solar systems by
providing tax credits, grants, or other financial benefits to the investing homeowners
(Podesta, 2023). Another key part of this act is the encouragement and financial back for
neighborhood-based initiatives to help spread solar into communities (Podesta, 2023). By
supporting those initiatives, the Inflation Reduction Act enables neighborhoods to
harness clean energy production while reducing their dependence on fossil fuel energy

production (Podesta, 2023).

Figure 1 shows the reduction of cola production in various countries and how
long they have been reducing said coal production (Diluiso et al., 2021). As costs for
renewables continue to decrease, these phase-outs might increase in pace. However, the

fact that subsidies for renewables were also disappearing and getting retrenched, or being



pulled back, in the legislative process, the recent bi-partisan infrastructure bill provides
incentives for local and state level governments to fund projects supporting renewables
(Collins, 2019; Landrieu, 2022; Stokes, 2020). While the U.S. does not have a set date to
have all coal power phased out, coal use has been steadily declining since 2011 due to the
switch to other fuel sources and production rates at the plants being reduced (Diluiso et

al., 2021).

Figure 1

Absolute reduction in coal use compared with relative reduction since peak year of coal
production (Diluiso et al., 2021).
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The phasing out of coal does not mean renewable energy production is
immediately filling its place as renewable energy production often has intermittency and
energy storage issues. Many natural gas-burning power plants have been built to replace
old coal plants during this phasing-out process (Davis et al., 2022). While the overall
downward trends are hopeful toward transitioning to cleaner energy, there is still a long

way to go as far as transitioning to a fully renewable energy grid and meeting the goals



established by various legislations like the Infrastructure Reduction Act and the recent
Bipartisan Infrastructure Deal (Diluiso et al., 2021; Landrieu, 2022). Coal burning power
plants produce large amounts of pollution, therefore cleaner energy options are often
sought after (Diluiso et al., 2021). These alternative energies reduce the environmental
impact of energy production, including impact on the climate (IPCC Working Group III,
2022). The attractiveness of the long-term deployment of mitigation practices, including
residential solar installation, depends on factors such as availability, home equity, public
and political support, and cost (IPCC Working Group III, 2022). Figure 2 shows the
potential impact of solar energy adoption to reduce net greenhouse gas emissions and

how cost-effective that transition could be relative to the current fossil-fuel market.
Figure 2

Lifetime cost per emission reduction of different low-carbon energy options (IPCC
Working Group I1I, 2022).
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The phasing out of fossil fuels is not a simple transition to renewable energy

production and has many barriers (e.g., coal is decreasing in use, natural gas has taken its



place) (Davis et al., 2022). The fossil fuel phasing out process has been successful and
provided renewable energy production with increased recognition and presence
throughout the social and political spheres, although it is not without legislative

roadblocks (Stokes, 2020; Stokes & Breetz, 2018).

Increasing Presence And Policy Recognition

The replacement of fossil fuel energy generation by renewables such as solar,
wind, and hydroelectric have become more accepted and eagerly sought after by both the
U.S. public and utility companies (Davis et al., 2022). Renewable energy represents more
than half of the share of yearly generating capacity installed in recent years (Figure 3)
(Davis et al., 2022). Figure 3 groups all solar power additions, commercial and
residential, with residential solar accounting for roughly 15 to 20 % of total solar growth
each year (Davis et al., 2022). According to Stokes (2020), the increasing presence of
solar across the country is causing policymakers to increase their interest and

involvement in renewable energy legislation.
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Figure 3

Energy production type proportion of new capacity installed each year. Not
representative of total grid share (Davis et al., 2022).
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The influence of state and federal legislation has a large impact on solar energy
generation growth and renewable energy production in general (Stokes, 2020).
Regardless of those legislative inhibitors or catalysts, solar is growing worldwide and has
begun to spread throughout many neighborhoods worldwide (Hawken, 2017). In studying
how rural and remote communities are being impacted by the spread of solar energy
generation, Hawken states that “just as mobile phones leapfrogged installation of
landlines and made communication more democratic, solar systems eliminate the need
for large-scale, centralized power grids.” (Hawken, 2017, p. 11). Energy storage during
intermittent times for solar and wind energy production, as well as the cost of said
storage, causes worry and hesitation as well as the difference between residential solar

and industrial scale solar installations (Svarc, 2022). Adding to this hesitation is the
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possible, though extremely unlikely, elimination of power infrastructure to provide power
to homes or the supply chains that provide fuel for energy generation and the coinciding
job loss for skilled workers in the fossil fuel industry, although retraining is an option
provided for the workers through various programs, including ones from the Department

of Energy (Bedford & Cook, 2016; Podesta, 2023).

As the presence and impact of residential solar increases, the surrounding energy
policy and utility costs will change as well. Solar power installation prices in the U.S. for
an “average-sized” rooftop system are consistently dropping, with recent estimates
showing a decrease from $40,000 to $20,000, pre-incentive (Davis et al., 2022).
Although the cost of installation is dropping, income still influences solar panel adoption.
In Australia, a study found that a 4 % increase in net wealth led to a 1 % increase in the
likelihood of solar panel uptake (Best et al., 2019). In another study done in southern
Florida that uses home size as a proxy for income, the average square footage of houses
with solar was 2,654 square feet contrasting the average of 1,954 square feet of homes
without solar (Varela-Margolles & Onsted, 2014). Despite the declining cost of solar
panels, the adoption rate of solar energy systems in residential homes remains relatively
low in both favorable and unfavorable locations, as determined by climate and policy

factors(Wolske et al., 2017).

To have efficient mitigation options there are institutional barriers in place that
need to be addressed (IPCC Working Group III, 2022 p. 57). Legislation can boost
renewable energy installation through rebate programs or Renewable Portfolio Standard
(RPS) policies. RPS policies establish goals and/or mandates regarding renewable energy

generation as a proportion of the current energy use; however, legislation can also be
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used to slow down the spread of renewables in a community by limiting net metering — a
way for residents to be reimbursedfor the power they supply to the grid - or increasing
funding to fossil fuel companies (Stokes, 2020). For example, in Arizona, an ambitious
net metering law in 2008 stimulated the growth of residential solar in the state. By 2013,
Arizona Public Service, a utility company, invested at least $55 million into several
campaigns to try to reduce the impact and value of net metering to decrease the
attractiveness of adopting residential solar (Stokes, 2020). This proved to be partially
successful in terms of reducing net metering, but advocates for solar power generation
kept it from disappearing entirely; however, the rate of installation for residential solar

slowed as a result (Stokes, 2020).

Historically, legislation at all levels regarding renewables has often needed to be
hidden within larger energy bills to be successfully passed (Stokes, 2020). While many
have deployed successfully, it is still necessary to package or group policies together to
gain more traction as renewable energy legislation is often struck down by policymakers
representing fossil fuel interests (IPCC Working Group III, 2022; Stokes, 2020). Best et
al. (2019, p. 931), state that “a positive and significant relationship” is present between
legislation (or incentive) programs and solar installation. Public research and
development as well as funding for credits and subsidies pushed forward by legislation
provide the much-needed boost for the spread of solar installation (IPCC Working Group
11, 2022). The Intergovernmental Panel on Climate Change (IPCC) Working Group III,
which focuses on the mitigation of climate change, further reports that while legislation is

needed and has been successful in pushing the spread of solar energy production, current
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legislation is not yet progressive enough to help many countries hit the goals set in recent

years (IPCC Working Group 111, 2022).

Some recent renewable energy policies include subsidies or rebate programs to
reduce financial barriers to switching over to solar-generating electricity. Wolske (2017)
also points out that the complexity of legislation and government programs can keep
people from installing solar or taking advantage of subsidies and credits available to
them, although utility companies might take advantage of those credits and subsidies at
an industrial level. One study goes as far as saying that the solar panel market is driven
by the incentives divvied out by local, state, and federal governments, however, the
conclusions were unclear as to why certain policies seem to increase the rate of
installation (Shrimali & Jenner, 2013). However, regulations and subsidies are a key part
of an effective energy transition from fossil fuels to renewable energy sources (Hazboun
et al., 2019; Stokes & Breetz, 2018). Awareness and understanding of these incentives
have provided some lower-income communities with opportunities to adopt solar that
would otherwise be unaffordable (Varela-Margolles & Onsted, 2014). These studies also
show that while there are general assumptions about political attitudes toward clean
energy, some states that are known to be conservative, commonly assumed to be against
renewable energy, excel in renewable energy production (Hazboun et al., 2019; Stokes &

Breetz, 2018; Varela-Margolles & Onsted, 2014).

Solar is not the only renewable energy source that has been growing in recent
years. Generally conservative states, largely assumed — sometimes errantly - to be
enemies of cleaner energy production, have been supportive of this new technology with

Wyoming and Texas both being national leaders in wind energy production (Hazboun et
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al., 2019; Stokes, 2020). Further studies have shown that at the community level, political
affiliation with the Democratic Party is a major predictor of support for renewable energy
development (Hess et al., 2016). When looking at the individual level, a study of social
media patterns by Nuortimo et al. (2018) found that a majority of the population they
surveyed self-reported neutrality toward solar power with more of the remaining
population having a positive opinion. Further observations have shown that as access to
digital technology spreads throughout the world, the use of digital media and political
engagement are positively correlated (Boulianne, 2020). Consequently, individuals tend
to increase their level of political involvement, leading to heightened concerns that
prompt them to take financial or environmental actions either in support of or against the
progress of renewable energy initiatives(Boulianne, 2020). Olson-Hazboun and
colleagues (2016) state that one’s global warming beliefs are not a significant predictor of
their acceptance of renewable energy. A relevant finding from Mildenberger (2019) and
colleagues sheds light on Olson-Hazboun and colleagues’ conclusion by suggesting that
those who have solar panels are more likely to be active voters. Those who have solar
regardless of political party are more likely to be politically engaged than those without,

however it is unknown if they are civically active as well (Mildenberger et al., 2019)

It is critical then to understand how the presence of solar on an individual’s home
or in their neighborhood plays a role in civic engagement because as the number of voters
with solar panels increases policy and legislation will be impacted, especially with voter
turnout being higher among those with solar than those without (Mildenberger et al.,
2019; Stopka et al., 2022). A positive feedback loop regarding solar is the idea that as

more people install solar, legislation becomes more favorable to solar, therefore pushing
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even more individuals to install solar. This positive feedback loop may continue to lower
prices and make access to solar power generation easier for a larger population base
(Stokes, 2020). Although the efforts of utility companies and wealthy lobbyists to
retrench and weaken these policies are present, the influence of the public on influencing
policymakers may overpower those efforts if the public becomes increasingly supportive
of renewable energy policies.

Peer Influence

Along with legislation having a larger focus on residential solar as solar presence
increases, the influence of that solar on the surrounding individuals also increases. The
simple act of someone installing rooftop solar in a neighborhood appears to be a catalyst
for local solar adoption with the solar installation rate increasing as the number of units
installed increases in a community (Baranzini et al., 2017; Graziano & Gillingham,
2015). Evidence suggests that neighbors appear to have an even more significant impact
when the installations are on visible parts of the roof (Bollinger & Gillingham, 2012).
Smaller city centers appear to have higher solar adoption rates than large urban centers,
with the likelihood of installation rising based on the number of already installed solar
units nearby (Graziano & Gillingham, 2015). Previous studies find evidence that the
number of solar energy production systems in a neighborhood increases a person’s
intention to install a solar panel system (Curtius et al., 2018). Further research finds that
sociodemographic variables are not reliable predictors of solar adoption when grouped
together (Rai et al, 2016). However, in studies of solar adoption, researchers have found
evidence that “spark” events, or major events in one’s life, are significantly impactful on

the decision to install solar (Rai et al., 2016). Direct marketing, retirement, or the increase
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of utility electricity cost are these spark events that appear to result in solar power
adoption along with the phenomenon of co-adoption, meaning individuals installed solar
around the same time as adopting other energy-related products (e.g. energy-efficient
appliances, electric vehicles) (Rai et al., 2016).

Part of the process of adopting residential solar is considering how the visual
aesthetics of the exterior of one’s home will change. Depending on the location and
direction of the house, the panels might be seen from the road or only by those living
behind the house. Rooftop solar, although broadly accepted, may provoke feelings of
opposition or resistance from neighbors worried about the visual changes in the
characteristics of the neighborhood (Rai et al., 2016). This opinion of favoring rooftop
solar in general but not necessarily in close proximity is an example of a “not in my
backyard”, or NIMBY effect. This simply means that a person likes what they have,
whether that is wildlife, views, or any other reason for people to want to keep their place
of living the same, and they plan on protecting it (Bell et al., 2013). NIMBY does not
necessarily mean opposition in general, one could be in favor of wind power generation,
just not near them (Bell et al., 2013; Dear, 1992) It is oversimplified as a protectionist
attitude toward unwanted development that will alter or remove what they like about their
neighborhood (Dear, 1992). This issue, while applying to most fossil fuel or geothermal
energy production, does not appear to have a major impact when it comes to renewable
energy development across the U.S. although there are many localized instances of
NIMBY halting wind and solar installations (Mayer et al., 2021). Mayer and colleagues
(2021, p. 2) also state, “the so-called NIMBY effect, which informed much of the early

work on public acceptance of renewable energy, is not present at a systemic level,
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echoing the observation that opposition may be overemphasized.” Although Mayer and
colleagues looked at specifically large-scale wind and solar, it has been found that people
perceive residential solar more positively when compared to large-scale solar installations
(Cousse, 2021; Nilson & Stedman, 2022). Assumptions of other people’s feelings toward
renewable energy production can cause misunderstanding, however, these assumptions
have been shown to not hold up based solely on over-arching political affiliation at the

state level (Hazboun et al., 2019).

The effect peer influence has on the installation of solar panels is well evidenced
and observed. This peer influence then spreads solar to individuals who would not
necessarily be expected to own solar. With the ownership of solar diversifying and the
climate changing, solar panel adoption appears to be only increasing in its rate of spread.
Changing Solar Ownership Characteristics

People are installing solar at an increasing rate, and while peers have been found
to have an influence, the question remains of whether or not their opinions toward
climate change, and climate change-influenced policy, are also changing (Davis et al.,
2022). Solar generation as a whole has experienced an average annual growth rate of 42
% over the last decade (Davis et al., 2022). Climate change has become a source of great
worry for an increasing number of the US population as well as a highly politically
polarized issue (Hess et al., 2016). Despite this political polarization over climate, a
similar polarization does not appear to exist in household solar adoption: a recent study
has shown that there was little difference in household solar depending on the political
affiliation of residences, but there was a positive correlation between the likelihood to

vote and solar panel presence, across political parties (Mildenberger et al., 2019). A
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survey of solar panel owners in Miami-Dade County, Florida found that very few
installed solar for purely environmental reasons, with 19 % installing for only economic
reasons and 60 % citing both economic and environmental reasons for installation
(Varela-Margolles & Onsted, 2014).

However, other evidence suggests that those who are adopting residential solar
tend to be more concerned about climate change. A study in upstate New York indicates
that 84 % of people who have residential solar believe that climate change is happening
and is human-caused, while an additional 12 % believe climate change is happening but
is not caused by human activities (Schelly & Letzelter, 2020). These percentages are
above average for the general New York state population which is 79 % for those who
believe global warming is happening, with 64 % believing humans are a major cause of
that global warming (Leiserowitz et al., 2021). Further results from the study in upstate
New York indicate that the main decision-making factor was that solar power results in a
positive impact on the environment (Schelly & Letzelter, 2020). U.S. national survey
results from the Climate Change in the American Mind survey — a biannual survey that
measures climate risk perceptions, policy support, and behavior - show that while only an
estimated 57 % of the American adult population thinks global warming is caused by
mostly human activities, 86 % are in favor of funding research into renewable energy
sources (Leiserowitz et al., 2021). Studies using multi-decadal surveys, including the
Climate Change in the American Mind survey show that from 2008 to the present,
support for energy transition policies is becoming more discordant between political
parties with Republican support remaining low but with Democrats increasing in support

steadily over that period (Bergquist et al., 2020).
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Extreme events may influence people to favor transitioning to cleaner or more
independent energy sources. During the energy crisis in the late 1970s, President Carter
placed solar panels on the roof of the White House which greatly expanded the exposure
and desire for solar panel installation. This influence lasted only a few years though as
the panels were removed when the energy crisis was averted and party political forces
became an issue (Siitterlin & Siegrist, 2017). Solar panel installation rates slowed in

response to the removal of the panels from the White House (Siitterlin & Siegrist, 2017).

The influence of extreme events is not felt only by solar power generation, but
also for the example of nuclear energy, a carbon-free energy source that often garners a
lot of public and media attention. For example, after the 2011 tsunami in Japan with its
following nuclear meltdown in Fukushima, the global public became favorable toward an
energy transition from nuclear power, as well as fossil fuel power generation, to different
renewable energy production such as solar and wind (Siitterlin & Siegrist, 2017). Not
only are there some risks associated with renewable energy there are also wastes when it
comes to production or end-of-life patterns - like the disposal of nonrecyclable wind
turbines or solar panel parts - these are often overlooked by the general public when it
comes to adopting renewable energy on any scale (Siitterlin & Siegrist, 2017). The
positives of renewables are often the main focus of individuals, however, there are
definite negatives; nevertheless in some individuals’ minds, the negatives of fossil or
nuclear are still worse than the waste created during renewable production even though
nuclear is often seen as renewable energy itself — which is not true, nuclear energy is a
carbon-free nonrenewable energy source — (Siitterlin & Siegrist, 2017). A life-cycle

assessment looks at the production through the disposal of various energy production
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devices. Studies have been completed focusing on life-cycle assessments of various types
of energy production and their emissions throughout their lifetime. Renewables have
considerably fewer life-cycle emissions and solid waste as compared to contemporary
fossil fuel energy production (Géralczyk, 2003). Although dated, Figure 4 shows that
even in past production of renewables, they still had less impact on the surrounding

environment as measured in lifecycle emissions (Goralczyk, 2003).

Figure 4

Life cycle analysis results of different renewable energy sources compared with
contemporary fossil fuel energy sources (Goralczyk, 2003).

100000

O Solid waste (landfill) [g] ‘

10000 80X [8
e @NOX [g] i o
M Net GGE [kg CO2) - ‘
1m - - ——————. — )| ——— — - |
10 -
: |

Hydroelectric  Electricity from Electncrty from Oil fired Coal fired Matural gas
power station  photovoltaics  wind turbines electricity power station fired power
enaration stations

Climate Change In The American Mind

Climate change opinions and the worries associated with those appear to
influence the choice to install solar panels. While assumptions have been previously

made as to who would install solar based on those opinions alone, the diversity of those
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installing solar is changing, and as solar becomes more affordable the neighborhoods
where solar is found - and the characteristics of adopters - are likely to change. While
U.S. public opinion is as deadlocked as most heavily-polarized political issues, less
action is taken by the more concerned, liberal population toward combating climate
change than combating other issues (Egan & Mullin, 2017). The combination of
polarization and lack of support provides little incentive for legislation to be passed to

help solve the issues created by climate change (Egan & Mullin, 2017).

Another key part in understanding how solar installation might influence an
individual and their opinions or actions is understanding climate change opinions and
predictors of those climate opinions as a whole because of the apparent relationship
between the two. Extensive studies have been performed to advance the science
surrounding climate change opinion and the public’s understanding of climate change-
related risks and opportunities (Leiserowitz et al., 2021). The findings from these surveys
suggest that the largest threat to humanity, and the planet as a whole, this century is
global warming and social scientists are trying to understand how public opinion and

behavior have consequences regarding that threat (Leiserowitz et al., 2021).

Similar to how climate change and global warming opinion can be affected by
how much an individual knows about it, global warming and climate change opinion can
be heavily impacted by current weather and geographic location. The impacts of one’s
neighborhood surroundings could possibly influence their opinions and consequently
their actions like policy support or installing solar. In 1988, NASA scientist James
Hansen testified to congress about the dangers of global warming after his associates left

the windows open and the AC off all night to make the chamber overwhelmingly warm
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in hopes of emphasizing his message (Zaval et al., 2014). This phenomenon of local
temperature or weather impacting climate change opinion has been extensively studied.
The findings of these studies show a relatively low and inconsistent effect of local
weather and temperature anomalies on climate opinions (P. D. Howe et al., 2019). When
flipping the lens and studying how climate opinion might impact subjective perceptions
of local weather, these studies found that while people could recognize changes in the
local temperature, climate opinion added bias to changes that people reported (P. D.

Howe et al., 2019).

Climate change and global warming opinions often exhibit geographic variation
as people who share cultures and ideologies are often surrounded by similar individuals
(P. Howe et al., 2015). Spillover, or the ability of seemingly unrelated things to influence
another, has been found to have a small but significant impact on climate opinion
showing the vast number of impacts known and unknown that go into climate opinion
and the actions related to it (Carrico, 2021). As the understanding of the public’s
knowledge and opinion increases surrounding climate change and global warming,

predictors are becoming present in the research, and behaviors can be better understood.

A number of these predictors are related to social and demographic situations.
Women and non-white populations are more concerned that men and white populations
about climate change and its related impacts (Palm et al., 2017). Age, marital status,
religion, and income have all been found to influence climate change opinion (Haq &
Ahmed, 2017). Populations between 25 and 64 are more likely than other ages to say
climate change is impacting them (Buckley et al., 2017). Education is in a positive

relationship with climate change opinion by increasing worry and concern over the
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climate with increasing education (Buckley et al., 2017). These socio-demographic
influences can lead to predictions about one’s actions following the pattern established by

the Theory of Planned Behavior although demographics are not often used within the

theory (Sussman & Gifford, 2019).

Theory Of Planned Behavior

The Theory of Planned Behavior is one example of behavioral theories that may
explain solar adoption. This theory does not address how the behavior might influence
the base feelings or knowledge toward an action (Sussman & Gifford, 2019). In the
psychology literature surrounding the theory of planned behavior, there are three
components involved in predicting behavioral intention: attitude, subjective norms, and

perceived control (Ajzen, 1991).

Figure 5

The Theory of Planned Behavior. Lines show logical connections and dashed line shows
reactive connections (Sussman & Gifford, 2019).

Intention Behaviour
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Within this theory, it is implied that decisions flow from those three base
components through intentions and onto actions (Sussman & Gifford, 2019). This theory
has been used to try to predict solar panel ownership (eg. Baranzini et al., 2017; Best et
al., 2019; Bollinger & Gillingham, 2012; Schelly & Letzelter, 2020) with the results
being inconclusive. These previous studies look at human action through a lens of
“independent self” which cuts out many external influences outside of personal
characteristics (Eyster et al., 2022). Feedback, the idea that actions influence decisions
and vice versa, is essential in understanding how solar panel installation might influence
an individual, and therefore an approach focusing on “interdependent” human action

theories should yield more substantial results (Eyster et al., 2022).

The interdependent metatheory, an alternative to the theory of planned behavior,
is a grouping of theories that treat human action or behavior as something that is
continually formed, strengthened, or destroyed over time by a web of various things (eg.
goals, experiences, values, identities, positions). This web is then altered based on the
actions taken thus creating a loop of change and influence (Eyster et al., 2022). While
making the actual decision is still essential in this research, many influences go into
understanding human behavior.

Personalities And Demographic Influence

While climate perceptions and a person’s surroundings influence solar adoption,
an individual’s personality and demographics also have a large impact on the choices
they make. Past research has shown that personality traits might influence the decision to
install solar panels (Busic-Sontic & Fuerst, 2018). Certain personalities, like those who

are more outgoing and service-oriented individuals, are inherently more likely to adopt
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rooftop solar than others. These same personalities are also influenced more than others
by the presence of solar on their neighbors’ homes (Busic-Sontic & Fuerst, 2018). This
implies that as people are more outgoing, they might be more willing to be civically
engaged as well — a theory this thesis will test. A key part in pushing forward the idea of
installing solar is understanding how engagement with various actors in the political
arena as well as the social arena can provide catalysts in mitigation practice adoption
(IPCC Working Group III, 2022). Some people are heavily influenced by what their
neighbors are doing and in terms of power consumption, a study found that sending out
home energy reports to customers indicating their relative usage to those around them
influenced their energy usage (Allcott, 2011). This behavior could very easily cross over
into the adoption of solar no matter the environmental opinion of a certain individual.
Environmental education is also seen as having a large impact on the impact of humans
on the environment through the future and current adoption of sustainable practices,
including the installation of residential solar (Hawken, 2017; Velasco-Martinez et al.,
2020).

Globally, the unit cost of solar has dropped by 85 % since 2010 with at least 10
times the growth of installations within that same time frame as shown in Figure 6 (IPCC
Working Group III, 2022). The median household income for homes with residential
solar installed in 2019 was $113,000 while the median US household income was
$74,000 among those who own their homes and $64,000 across all households (Barbose
et al., 2021). The gap between overall US median income and solar adopter income is

closing, going from $72,000 in 2010 to just $49,000 in 2019 (Barbose et al., 2021). The
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results of this gap becoming smaller shows that solar power production has become more

economically affordable (IPCC Working Group 111, 2022).
Figure 6

Drop in cost for energy produced by photovoltaics, or solar panels, and the exponentially
increasing rate of adoption. The cost per MWh using solar energy production matches
that of fossil fuel energy production (grey bar) (IPCC Working Group 111, 2022).
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People who have a housing burden, or those who pay a significant amount of their
income to housing costs, are less likely to own residential solar as well as those who are
less educated and do not speak English as a first language (Lukanov & Krieger, 2019).
Barbose et al. point out and confirm Lukanov and Krieger’s findings that when compared
to a broader population, residential solar owners live in homes with higher property
value, have higher credit scores, have more schooling, are older, more likely to be
surrounded by white people, and work in the corporate world (Barbose et al., 2021).
Often those who are disadvantaged need the economic benefits of residential solar,

however, they are not in a position to invest in installation (Lukanov & Krieger, 2019).
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Just as peers influence solar panel adoption, climate and affordability have been
shown to influence and impact solar panel installation. The lowering of cost and apparent
contagion effect of solar panel installation leads to an increasing density of homes with
solar panels within some neighborhoods. This increased rate of solar panel presence may
further affect those living within that community through a possible neighborhood effect,

discussed below.

Neighborhood Effect

Looking for the influence of peers, climate, and affordability through the
neighborhood lens will help me determine the presence of a neighborhood effect, or the
impact and change one’s surroundings might have on them as individuals and the actions
they take (van Ham & Manley, 2012; Wilson, 2012). In this research I studied the
neighborhood effect through the frame of solar installation rate within a neighborhood.
Many limitations are present when it comes to installing solar, including cost and being a
renter. However, the presence or extent of solar in a neighborhood could have an impact
on these individuals without solar panel installations on their own homes based on
exposure, either observed or subconscious. For example, in a Canadian study those who
notice solar installations were 50 % more likely to support solar energy installation and
policy (Sherren et al., 2019). Approaching this research through a spatial lens is novel
because of the ability to include remote sensing data to understand density and potential

exposure to solar panel technology.

Current methods of determining neighborhood effect as well as the impact that
space and time have on a person’s exposure to the influence of their surroundings are

being questioned in regards to simply using census tract or county-level data (Kwan,
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2018). Most people rarely stay at home all day without running errands or completing
other daily tasks. This leads to them being exposed to many other neighborhoods, not just
the one they reside in. This could result in inaccurate results when determining the
neighborhood effect (Inagami et al., 2007). The fact that something spatially appears to
be closer does not always mean that an influence is present or even interaction due to

access, commute routes or commute time of day (Chen & Kwan, 2015; Widener &

Shannon, 2014).

These are also common factors when looking at the possible influence of solar
panels in a neighborhood. Solar panel placement is often based on the general direction
of the sun, wind patterns, shading, and to avoid soilage (e.g. dust or leaf litter covering
the panel) (Maghami et al., 2016). If these requirements lead the solar panels to be placed
on the roof in a position not visible to passersby, then an influence is likely absent due to
lack of visibility. The number of interactions between neighbors is decreasing and
subjective well-being studies show that these interactions mean less to people the more
recently they were born, this leads to interactions being quicker or simple subconscious

exposure (Howley et al., 2015).

The neighborhood effect along with the various influences discussed throughout
this literature review will be considered during this research. As residential solar power
generation is increasing in presence and affordability throughout the U.S., the influence
of legislation on the ease of installation will become increasingly important. I explored
whether solar panel presence has a correlation with civic engagement and therefore
provide policymakers with an understanding of how they might better represent their

constituency as opinions might change surrounding residential solar policies.



29

CHAPTER 3:

RESEARCH QUESTIONS AND HYPOTHESES

Some of the previous research reviewed has provided various conclusions and
suggestions on what can predict solar panel ownership. These conclusions range from
political affiliation being the only predictor, to hybrid car ownership or environmental
opinion, to the number of adults employed in the house, to finally a paper that concludes
nothing is “meaningfully significant” (Baranzini et al., 2017; Best et al., 2019; Bollinger

& Gillingham, 2012; Schelly & Letzelter, 2020).

In response to previous research and the gaps found therein, I have developed four
research questions. The answers to these questions build on previous research and further
the knowledge associated with the drivers and implications of residential solar
installation. I have developed these questions in combination with the data at my

disposal. In this thesis I explored the following questions:

1. Is solar panel presence on an individual’s home associated with climate change
opinions and renewable energy policy support?

2. While people who have solar panels are more likely than their neighbors without
solar panels to vote, regardless of political affiliation (Mildenberger et al., 2019),
are they also more likely to engage in other actions related to environmental civic
engagement, including donating money to environmental organizations,
volunteering with an environmental organization, or meeting with an elected

official to discuss global warming?
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Is the presence of solar panels in an individual’s neighborhood surroundings
associated with climate change opinions and renewable energy policy support,
regardless of whether they have solar panels on their own home?
Are people who live in neighborhoods with higher rates of solar panels, compared
to those in neighborhoods with low solar penetration, more likely to engage in

actions related to environmental civic engagement, including those listed above?

In response to the four research questions, I outline four hypotheses:

1.

Consistent with previous research, I expect that people with solar panels on their
homes will have more polarized opinions on climate change; meaning they will
have more strongly held beliefs about climate change and policy.

Individuals with solar panels installed on their residences will be more likely to be
civically engaged around environmental issues than those without.

Individuals with high rates of solar panels in their neighborhoods will be more
worried about global warming or supportive of climate friendly policies.

People living in neighborhoods with high rates of solar panel presence will be
more likely to be civically engaged around environmental issues than those in

neighborhoods with low rates of solar panel presence.

These questions and hypotheses also use a novel approach - analyzing household-

level remote sensing imagery in conjunction with common statistical analysis practices -

to explore whether a neighborhood context effect exists regarding solar panel presence in

relation to environmental opinions and civic engagement.
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Addressing these questions will help researchers and policymakers understand the
impact that the increasing presence of solar panel installation could have on civic
engagement and other characteristics related to public support for energy and climate
policies. This study will help suggest ideas as to how policies regarding solar energy
generation might change or provide a better understanding of residential solar penetration
in various communities. While lobbyists and interest groups have immense power,
understanding the level of civic activity of those who have solar installed on their homes
is critical in understanding how policy and legislation will progress (Stokes, 2020). A
positive feedback cycle might be created which would only increase the rate of solar
panel adoption and therefore gain more support for policies regarding solar energy

production or renewable energy generation as a whole (Stokes, 2020).
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CHAPTER 4:

METHODS

Survey

To address these questions, I used survey response data from the Climate Change in
the American Mind survey which is a nationwide probability-based panel survey
completed twice a year. The questions asked in the survey focus on an individual’s
opinions and actions regarding climate change and global warming. The survey has been
ongoing since 2008, with well over 20,000 responses. I used survey responses that were
present in three waves of the survey that were recorded in November 2016, March 2018,
and April 2019 which provided 3795 responses to work with. Table 1 shows the
questions I used and their associated variable names. I selected these questions because
they were collected during the same survey waves that the initial question of whether or
not they have solar on their home. I selected three civic engagement questions about
meeting with a politician, donating money, or volunteering time, all with an
environmental focus. I then selected two policy questions regarded research into
renewable energy sources and providing tax rebates and electric vehicles. The policy
questions were selected for the direct impact those policies would have on solar panel
installation. The final four questions I selected are all personal environmental opinion

questions that could have impact on solar installation likelihood.

The survey data was collected using the Ipsos KnowledgePanel, an online panel that
uses national probability sampling. They use random digit dial and address-based

sampling to identify panel participants and provide computers and internet access to those
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without it so all people can participate if they are willing (Leiserowitz et al., 2021). A key
advantage of this survey dataset for my research questions is that — unlike many publicly
available national survey datasets — each response is georeferenced at nearly the
household address level. Household address locations have been randomized within 100
meters of the respondent to provide anonymity. However, even at this level of
randomization, this still allows for the calculation of solar panel rates among nearby

homes to address my research questions on the neighborhood effect.

Table 1

Variable names with their associated survey questions and available responses.

Variable ID Question Response Options
Volunteer How likely would you be to volunteer your time Definitely would not
to an organization working on global warming ifa  Probably would not
person you like and respect asked you to? Probably would
Definitely would
Don’t Know

Prefer not to answer
DonateMoney  How likely would you be to donate money to an Definitely would not

organization working on global warming if a Probably would not
person you like and respect asked you to? Probably would
Definitely would
Don’t Know
Prefer not to answer
MeetPolit How likely would you be to meet with an elected  Definitely would not
official or their staff about global warming if a Probably would not
person you like and respect asked you to? Probably would
Definitely would
Don’t Know
Prefer not to answer
Solar Do you currently live in a home with solar Yes
panels? No
Research How much do you support or oppose a policy to Strongly support
fund more research into renewable energy Somewhat support
sources, such as solar and wind power? Somewhat oppose

Strongly oppose
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Neighborhood Solar Rate

After collecting the neighborhood solar rate data, I was able to create the map
shown in figure 8. Neighborhood solar rates were highest among respondents in
California, but there were many respondents throughout the U.S. who have some amount
of solar among neighboring homes. The neighborhoods with solar rates greater than 0
were focused mainly within the suburbs of urban centers. Florida, California, Arizona,
and the New York City-Washington DC corridor appear to be the states or urban areas
with the largest number of neighborhoods where solar rate is greater than 0. Another key
part of the map is the time period that each survey was completed. Respondents in the
April 2019 wave had higher rates of solar in their neighborhoods (and were more likely
to say they had solar on their own home) than respondents in either of the previous waves
with November 2016 having the least. This progression throughout each wave is
consistent with previous findings of U.S. rooftop solar adoption increasing year over

year.

Figure 8

Map of the neighborhood solar rate. The size of each dot represents the solar rate of that
respondent: the proportion of homes in their proximate neighborhood with solar panels.
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Figure 9 is a histogram — with a faceted portion to show detail - showing the count
of each neighborhood solar rate. Two-thirds of the respondent neighborhoods I counted
had a solar rate of 0. Throughout the histogram the pattern of time becomes evident with
each wave having a higher count of specific neighborhood solar rates than the previous
one, excluding the rate of 0. There are outliers however with 2 of the greatest

neighborhood solar rates being found within the November 2016 wave.

Figure 9

Histogram showing the count of each neighborhood solar rate value of the dataset.
Faceted portion zooms in to show smaller counts of higher rates in greater detail.
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Correlation Tests

To begin testing the correlation between the variables I was testing I ran statistical
tests using the R package sjPlot to output Table 4. Table 4 shows the results of the
correlation tests between the variables I include throughout the rest of my multi-level
regression tests. | found that all of my variables are individually correlated with at least 3
other variables. The variable with the most correlations to others when looked at as pairs
was worry about global harming and expected personal harm from global warming.
Within the grey section of Table 4 are results of the correlations between each of the civic
engagement, climate opinion, and policy support variables I tested. The bolded lettering
and three asterisks for each value show strong correlation between the two represented
variables. Every single result shows a strong correlation within the grey section. The
orange section of Table 4 shows the strong correlation that political ideology has with
each of the civic engagement, climate opinion, and policy support variables. The fact that
all the values are positive shows that the more liberal an individual is, the more likely
they are to volunteer, donate money, or meet with a politician regarding global warming,
as well as be worried, expect harm, think their local officials should do more about global
warming. They would also be more likely to support teaching global warming in school
and support tax rebates for EVs and solar panels as well as support the funding of
research into renewable energy. As the values shown in Table 4 get closer to positive or

negative one, the greater the correlation of those variables.
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Table 4

between

hips

ificant and non-significant relations

ing sign

Correlation test results show

variables.

Correlation Test

,MMMM. MNMMMMM\@ Volunteer W\MHWM .\WMM.M wMMM e Research  Worry — Harm QMMM.MWQ Teach  Income Education — Age MNMNNMMMM Solar
SolarRate 0.134™ | -0.001 | 0.006 | -0.021 | 0.024 | 0.005 | 0.027 | -0.001 | -0.028 | 0.005 0.095™ 0032 | -0003 0019 0237
StructureDensity  0.134™" 0073 0.122"" 0073 0.042 0061 0.089"" 0.1077" 00897 0077 0024 0014 004 01407 0.050"
Volunteer 0001 0073 0037003920099 03277 0.062"
DonateMoney ~ 0.006 0.122"™ 00090108 -0.074" 0389 0.046"
MeetPolit 0021 0,073 -0.035 | 0.041 | -0011 0244 0.044
TaxRebate 0.024 | 0.042 0002 0045 0041 02207 0.029
Research 0005 0.061" 0.054" 0072 0002 0.195™ -0.009
Worry 0.027  0.089"" 000200667 -0.0917" 0468 0.042
Harm -0.001 0.107™ -0.090"" 0031 0,083 032" 0019
LocalOfficials ~ -0.02%  0.089™" 00270018 -0.051" 04007 0.029
Teach 0.0050.077" 0.009 003 -0058 0336 -0.036
Income 0.095™"| 0024 | -0037 | -0.009  -0.035 0002 0.054" | -0.002 -0.090""| -0.027 | 0.009 0386 00607 0013 0104
Education 0032 0014 0039 01087 0041 0045" 00727  0066" -0.031 0018 003 0386 0036 0.065"  0.032
Age 0003 -0.04 20099 0,074 -0.011 0.041  -0.002 -0.091"" -0.083" -0.051" -0.058 00607  0.036 -0.105™" 0.03
Politicalldeology  0.019  0.140"" 0327 0.389"" 0244 0220™" 0.195™" 0.468™" 0322"" 0400 0336 -0012 0065 -0.105"" 0.007
Solar 0237 0050° 0062”7  0046" 0044 0029 0009 0042 0019 0029 0036 0104 0032 003 0007

Computed correlation used pearson-method with listwise-deletion.
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Note. The grey rectangle groups together the civic engagement, climate opinion, and
policy support variables. The orange rectangle draws attention to the significant
relationships political ideology has with certain variables. The closer a value is to positive

or negative one the greater the correlation.

Robustness Test

For my statistical analyses I first tested the relationship between self-reported
solar presence and my neighborhood solar rate variable. This was part of testing the
robustness of my data by finding the legitimacy of the self-reported solar presence as well
as the accuracy of my neighborhood solar rate collection. To do so, I performed a multi-
level logistical regression test where neighborhood solar rate was the dependent variable
and demographics, along with presence of solar on an individual’s home were the
independent variables. Table 5 indicates the results from this test that show that the data
and models are consistent with findings from previous research on demographic
predictors of solar adoption, most notably income (e.g. higher income level indicates
higher likelihood of solar installation). This robustness test also illustrates that
respondents who reported having solar on their own home on average lived in
neighborhoods with higher solar rates, which would be expected if respondents were
responding truthfully and if the neighborhood solar rate data collection technique via

satellite imagery accurately detected the presence of rooftop solar.



Table 5

Multi-level linear regression results predicting neighborhood solar rate.

Solar and Solar Rate Robustness Test

Solar Rate No Solar Solar Rate

Predictors Estimates Ccl p Estimates Ccl P
(Intercept) 0.01 -0.00 - 0.03 0.12 0.01 -0.00 - 0.03 0.124
AgeGroup36-55 0 -0.01 -0.00 0.09 0 -0.01 -0.00 0.101
AgeGroup56-75 -0.00 " -0.01 —-0.00 0.04 -0.00 " -0.01 —-0.00 0.027
EducationGroup [HS
Graduate toAssociate 0.01 -0.00-0.01 0.09 0.01 -0.00-0.01 0.091
Degree]
EducationGroup
[Bachelors Degree or 0.01 -0.00-0.01 0.13 0.01 -0.00-0.01 0.124
Higher]
Gender [Male] 0 -0.00 - 0.00 0.41 0 -0.00 - 0.00 0.431
IncomeGroup [$50,000 to - .
$149,999] 0.01 0.00-0.01 0.01 0.00 0.00 - 0.01 0.024
IncomeGroup [$150,000+] 0.01 ™ 0.00 - 0.02 0 0.01 ™ 0.00 - 0.01 0.004
Race [Black,

0 -0.00 - 0.01 0.12 0 -0.00 - 0.01 0.145

Non-Hispanic]
Race [Hispanic] 0 -0.01 - 0.00 0.1 -0.01 -0.01 - 0.00 0.072
Race [Other,

0 -0.01 - 0.00 0.35 0 -0.01 —0.00 0.396
Non-Hispanic]
Race [2+ Races,

0 -0.01 -0.01 0.79 0 -0.01 -0.01 0.388
Non-Hispanic]
StructureDensity 0 -0.00 - 0.00 0.65 0 -0.00 - 0.00 0.624
PoliticalldeologyGroup
[Middle of the Road] 0 -0.00 - 0.00 0.85 0 -0.00 - 0.00 0.765
PoliticalldeologyGroup 0 20.01-0.00  0.64 0 20.01-0.00  0.589
[Liberal]
Solar [Yes] 0.03 ™" 0.03 -0.04 <0.001
Random Effects
o’ 0 0
Too 0.00 State 0.00 State
N 51 State 51 State
Observations 3129 3126

. ) .

Marginal R*/ Conditional 0.005/0.512 0017 /0488

RZ

£9<0.05 **p<0.0] ***p<0.001
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Note. Reference categories for each variable: Solar [No]; AgeGroup [18-35];
EducationGroup [Less than high school graduate]; Gender [Female]; IncomeGroup [$0 to
$49,999]; Race [ White]; PoliticalldeologyGroup [Conservative]. Random effects results
show the absence of geographical patterns.

Civic Engagement Multi-Level Logistic Regression

To investigate the relationships between variables identified in contingency
tables, I employed a series of multi-level logistic regression models. I dichotomized the
dependent variables into two groups based on the responses for each question. For the
civic engagement variables, the responses were grouped into “would” or “would not” by
respectively combining “definitely would” with “probably would” and “definitely would

not” with “probably would not”.

Table 6 shows the results of the multi-level logistic regression tests regarding the
first civic engagement variable of willingness to volunteer for an organization working on
global warming. In the combined rendering of this model that includes both solar
presence and neighborhood solar rate as predictors, solar presence has a significant
relationship with willingness to volunteer in that someone is 55 percent more likely to
volunteer for an organization working on global warming if they have solar on their
home. More significant relationships are found with volunteering and education as well

as gender, income, and political ideology.

Table 7 shows the results of the multi-level logistic regression tests regarding the
second civic engagement variable of willingness to donate money to an organization
working on global warming. I found that while there is no significant relationship
between the solar variables and donating money within the 95 % confidence threshold,

the presence of solar has marginal positive relationship with being willing to donate
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money (p<.1). Of note is the absence of correlation of donating money with income level,
the logical assumption is that as one has more money the more likely they are to donate,

however this shows that is not the case.

Table 8 shows the results of the multi-level logistic regression test regarding the
third civic engagement variable of meeting with a politician. There is a significant
positive relationship found between solar presence and meeting with a politician as
someone with solar is almost 69 % more likely to meet with a politician than those
without solar. Of note, the more liberal an individual is increases the likelihood of saying
they would meet with a politician — 3.6 times more likely when comparing self-reported

conservatives and self-reported liberals.

Across all three environmental civic engagement variables, I found that Black or
African American respondents were more likely to participate in civic engagement than

white individuals with strong significance in each model.
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Table 6

Multi-level regression results for Volunteer.

Volunteer Multi-Level Logistic Regression

Solar Presence Solar Rate Combined

. Odds Odds Odds
Predictors Ratios a P Ratios a P Ratios = P
(Intercept) 017 0.10-0.28 <0.001 0.17" 0.10-0.28 <0.001 0.17"" 0.10-0.28 <0.001
Solar [Yes] 1.44 0.95-2.18  0.086 155" 1.01-237  0.045
AgeGroup36-55 0.9 0.70-1.14 0377 0.89 0.70-1.13  0.337 0.89 0.70—1.14  0.365
AgeGroup56-75 0.71"™ 0.56-0.89  0.003 071"  0.56-0.89  0.003 0.70™ 0.56-0.89  0.003
EducationGroup [HS
Graduate to Associate 1.57° 1.01-2.44  0.045 1.59°  1.02-247 0.04 158  1.02-2.46  0.042
Degree]
EducationGroup
[Bachelors Degree or 1.90 1.19-3.03  0.007 190" 1.19-3.03  0.007 191 120-3.05 0.006
Higher]
Gender [Male] 0.82° 0.69-0.98  0.031 082"  0.69-0.98 0.03 0.82°  0.69-0.98  0.031
IncomeGroup [$50,000 . . .
t0 $149,000] 0.76 0.61-0.94 0.012 0.77 0.62-0.96  0.017 0.77 0.62-0.95 0.015
IncomeGroup . .
[$150,000+] 0.72 0.54-0.97  0.031 0.76 0.57-1.01  0.061 0.73 0.55-0.98  0.039
Race [Black,

1.99 ™ 143-2.77 <0.001 201" 1.44-279 <0.001 200" 1.44-2.78 <0.001
Non-Hispanic]

Race [Hispanic] 1.90 ™ 142-253  <0.001 194" 145-258 <0.001 1.927" 144-256 <0.001
Race [Other,

1937 1.24-298  0.003 1977  127-3.04  0.002 1977  127-3.05  0.002
Non-Hispanic]

Race [2+ Races,

1.03 0.62-171 0902 106 064-176 0807 104 0.62-172 0893
Non-Hispanic]
StructureDensity 1.01 097-1.05 0582 101  098-1.05 0453 101  098-1.05 0.486
fﬁfﬁfé?ﬁfg;’%ﬁgup 292" 233-3.66 <0.001 291" 232-3.65 <0.001 292" 233-3.66 <0.001
ff}égf;l]lde"logyc’mup 629" 494-800 <0.001 631" 496-804 <0.001 631" 4.96-8.03 <0.001
SolarRate 043  009-2.02 0288 031  006-149 0.144
Random Effects
o? 3.29 3.29 3.29
Too 0.00 e 0.00 sae 0.00 sae
N 51 e 51 e 51 e
Observations 2499 2500 2499
Marginal R? /

Conditional R? 0.198 / NA 0.197 / NA 0.199 / NA

9<0.05 **p<0.0 ***p<0.00]
Note. Reference categories for each variable: Solar [No]; AgeGroup [18-35];
EducationGroup [Less than high school graduate]; Gender [Female]; IncomeGroup [$0 to
$49,999]; Race [ White]; PoliticalldeologyGroup [Conservative]. Random effects results
show the absence of geographical patterns.
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Table 7

Multi-level regression results for Donate Money.

Donate Multi-Level Logistic Regression

Solar Presence Solar Rate Combined

. Odds Odds Odds
Predictors Ratios = P Ratios = P Ratios a P
(Intercept) 011"  0.07-0.19 <0.001 0.11" 0.07-0.19 <0.001 0.11" 0.07-0.19 <0.001
Solar [Yes] 1.39 0.92 -2.09 0.116 1.44 0.95-2.20 0.088
AgeGroup36-55 0.98 0.76 — 1.25 0.852 0.98 0.76 — 1.25 0.842 0.98 0.76 — 1.25 0.846
AgeGroup56-75 0.94 0.74-1.18 0.576 0.94 0.75-1.19 0.612 0.94 0.74—-1.18 0.57
EducationGroup [HS
Graduate to Associate 1.5 0.96 —2.35 0.073 1.51 0.97 —2.36 0.069 1.51 0.97 -2.36 0.07
Degree]
EducationGroup

[Bachelors Degree or 233" 145-372  <0.001 2337 146-3.72 <0.001 2337 146-3.73 <0.001
Higher]

Gender [Male] 0.84 0.71 - 1.01 0.062 0.84 0.71 - 1.01 0.059 0.84 0.71 - 1.01 0.061
IncomeGroup [$50,000

to 0.96 0.77 - 1.19 0.695 0.97 0.78 - 1.20 0.755 0.96 0.78 - 1.19 0.711
$149,999]

IncomeGroup

[$150,000+] 0.86 0.64-1.16 0.325 0.89 0.66 —1.19 0.418 0.87 0.65-1.17 0.353

Race [Black,
1.90™  137-2.64 <0.001 191" 138-2.66 <0.001 1907 137-2.64 <0.001
Non-Hispanic]

Race [Hispanic] 1.677"  125-224 0.001 1.70™" 1.27-228 <0.001 1.68°" 1.25-225 0.001

Race [Other,
1.86 ™" 1.20-2.90 0.006 1.89™ 1.21-2.94 0.005 1.89™  1.21-295 0.005
Non-Hispanic]

Race [2+ Races,

0.79 0.48-1.32 0.375 0.81 0.49-1.36 0.428 0.79 0.48-1.32 0.377
Non-Hispanic]
StructureDensity 1.04° 1.01-1.08 0.016 1.05° 1.01-1.08 0.013 1.05° 1.01-1.08 0.013
PoliticalldeologyGroup

[Middle of the Road]

3297 2.63-4.11 <0.001 328" 2.63-410 <0.001 328" 2.63-410 <0.001

PoliticalldeologyGroup
843"  6.62-10.73 <0.001 8417 6.61-10.71 <0.001 843" 6.62-10.72 <0.001

[Liberal]

SolarRate 0.74 0.15-3.56 0.703 0.53 0.10-2.69 0.446
Random Effects

o’ 3.29 3.29 3.29

Too 0.00 siate 0.00 siate 0.00 siate

N 51 sute 51 sute 51 sute

Observations 2553 2553 2553

Marginal R? /

Conditional R2 0.232/NA 0.231/NA 0.232/NA

#<0.05 *#*p<0.0] ***p<0.00]



Note. Reference categories for each variable: Solar [No]; AgeGroup [18-35];
EducationGroup [Less than high school graduate]; Gender [Female]; IncomeGroup [$0 to
$49,999]; Race [ White]; PoliticalldeologyGroup [Conservative]. Random effects results

show the absence of geographical patterns.

Table 8

Multi-level regression results for Meet with Politician.

Meet With Politician Multi-Level Logistic Regression
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Solar Presence Solar Rate Combined
. Odds Odds Odds
Predictors Ratios ar P Ratios ¢ Ratios ¢ P
(Intercept) 0.12""  0.07-020 <0.001 0.12" 0.07-020 <0.001 0.12" 0.07-0.20 <0.001
Solar [Yes] 1.54°  1.04-228  0.031 1.69°  1.12-253  0.012
AgeGroup36-55 1.05 0.83-1.34  0.662 1.05 0.82-1.33 0.715 1.05 0.83-1.33  0.687
AgeGroup56-75 1.21 0.96-1.51 0.102 1.21 096-1.51  0.101 1.2 0.96 - 1.50 0.11
EducationGroup [HS
Graduate to Associate
Degree]
EducationGroup
[Bachelors Degree or 205 129-326  0.002 206" 129-327  0.002 207 130-330  0.002
Higher]
Gender [Male] 135" 1.13-1.60  0.001 134" 1.13-1.60  0.001 134" 1.13-1.60  0.001
IncomeGroup [$50,000
to 0.87 0.71-1.07  0.194 0.89 0.73-1.09 0.262 0.88 0.72-1.08 0.222
$149,999]
IncomeGroup « *
[$150,000+] 0.73 0.55-0.96  0.027 0.77 0.58—-1.02  0.064 0.74 0.56-0.98  0.038
Race [Black,
1.86™ 136-2.55 <0.001 188" 137-257 <0.001 187" 137-257 <0.001

Non-Hispanic]
Race [Hispanic] 1.90 ™ 143-251 <0.001 196" 148-259 <0.001 192" 1.46-2.55 <0.001
Race [Other,

1.19 0.77-1.84 0424 1.23 0.79 - 1.89 0.36 1.22 0.79-1.89  0.363
Non-Hispanic]
Race [2+ Races,

0.94 0.57-1.54  0.802 0.98 0.60—-1.61  0.938 0.94 0.57-1.55 0.813
Non-Hispanic]
StructureDensity 1.03 0.99-1.06 0.132 1.03 1.00-1.07  0.082 1.03 1.00-1.07  0.091
PoliticalldeologyGroup . . .
[Middle of the Road] 2.01 1.63-2.48 <0.001 2.00 1.63—-2.47 <0.001 2.01 1.63-2.48 <0.001
PoliticalldeologyGroup 3 59+ 587 449 <0.001 360" 2.88-450 <0.001 3.60°" 287-451 <0.001
[Liberal]
SolarRate 0.38 0.09-1.69 0.204 0.25 0.05-1.14  0.073
Random Effects
c? 3.29 3.29 3.29
Too 0.00 sate 0.00 sate 0.00 sate
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N 51 State 51 State 51 State
Observations 2561 2562 2561

H 2
Marginal R*/ 0.110 /NA 0.109 / NA 0.112/NA

Conditional R?

#<0.05 ¥ p<0.0] ***p<0.001

Note. Reference categories for each variable: Solar [No]; AgeGroup [18-35];
EducationGroup [Less than high school graduate]; Gender [Female]; IncomeGroup [$0 to
$49,999]; Race [ White]; PoliticalldeologyGroup [Conservative]. Random effects results
show the absence of geographical patterns.

Climate Opinion Multi-level Logistic Regression

I mirrored the way I calculated the civic engagement models when creating the
climate opinion multi-level logistic regression models. I again dichotomized each
variable response into groups of being “worried” or “not worried” (“Very worried” with
“Somewhat worried” and “Not very worried” with “Not at all worried”), “expecting
moderate or some harm” compared to “little or no harm” (“A great deal” with “A
moderate amount” and “Only a little” with “Not at all”), as well as “supportive” or “not
supportive” of teaching global warming in school (“Strongly agree” with “Somewhat
agree” and “Somewhat disagree” with “Strongly disagree”) and thinking officials should
do “more” or “less” (“Much more” with “More” and “Less” with “Much less” with

“Currently doing the right amount™).

Table 9 shows the results of the multi-level logistic regression tests with the
expected personal harm variable. Solar presence on the individual’s home and in their
neighborhood do not appear to have a significant relationship with whether or not
someone is personally expecting harm from global warming. The combined version of
the model showed that men are less likely to expect harm than women as well as the

pattern that as an individual’s income level increases, they are less likely to expect
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Note. Reference categories for each variable: Solar [No]; AgeGroup [18-35];
EducationGroup [Less than high school graduate]; Gender [Female]; IncomeGroup [$0 to
$49,999]; Race [ White]; PoliticalldeologyGroup [Conservative]. Random effects results
show the absence of geographical patterns.

Table 11

Multi-level regression results for Local Officials.

Local Officials should be doing more Multi-Level Logistic Regression

Solar Presence Solar Rate Combined
. Odds Odds Odds
Predictors Ratios = P Ratios a P Ratios = P
(Intercept) 047" 031-0.73 0.001 046" 030-0.71 <0.001 047" 0.31-0.73 0.001
Solar [Yes] 1.2 0.79 - 1.82 0.397 1.31 0.85-2.02 0.218
AgeGroup36-55 1.14 091 —1.44 0.249 1.14 091-1.44 0.256 1.13 0.90 - 1.43 0.285
AgeGroup56-75 1.18 0.95 - 1.46 0.138 1.18 0.95 - 1.47 0.13 1.17 0.94 - 145 0.16

EducationGroup [HS
Graduate to Associate 1.16 0.79 - 1.69 0.455 1.2 0.82-1.75 0.345 1.18 0.80-1.72 0.401
Degree]

EducationGroup
[Bachelors Degree or 1.25 0.83 -1.87 0.283 1.29 0.86-1.94 0213 1.27 0.85-1.90 0.251
Higher]

Gender [Male] 0.89 0.76 — 1.06 0.191 0.89 0.75-1.05 0.172 0.9 0.76 -1.06  0.196
IncomeGroup [$50,000
to $149,999]

IncomeGroup
[$150,000+]

Race [Black,

0.84 0.69 - 1.03 0.094 0.85 0.70-1.04  0.115 0.85 0.70-1.04  0.106

0.87 0.66 —1.15 0.327 0.9 0.68—-1.18  0.441 0.88 0.67-1.17  0.388

1.31 0.96 - 1.79 0.087 1.3 0.96-1.78  0.092 1.32 097-1.80  0.079
Non-Hispanic]

Race [Hispanic] 186"  137-252 <0.001 191" 141-258 <0.001 1.89™" 1.39-2.55 <0.001

Race [Other,
1 0.65—-1.53 0.992 1.02 0.67-1.57 0919 1.02 0.66 —1.56 0.93
Non-Hispanic]

Race [2+ Races,
1.29 0.78 -2.14 0.316 1.27 0.78-2.09  0.338 1.29 0.78-2.14 0319
Non-Hispanic]

StructureDensity 102 098-106 0279  1.02 099-1.06 0222 102  099-1.06 0239
fﬁ;ﬁifgﬁ;gggﬁ‘p 337" 279-407 <0.001 3357 278-405 <0.001 3367 279-406 <0.001
PoliticalldeologyGroup ¢ 57+ 657 1049 <0.001 831™ 655-10.5 <0.001 828 653105 <0.001
[Liberal]

SolarRate 024  005-111 0067 021° 004-097  0.046
Random Effects

o 329 3.29 3.29

oo 0.01 s 0.01 sue 0.00 suce

N 51 state 51 state 51 state

Observations 2868 2871 2868



Marginal R?/
Conditional R?

0.189/0.192 0.190/0.191

0.190/0.192
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59<0.05 **p<0.01

Note. Reference categories for each variable: Solar [No]; AgeGroup [18-35];
EducationGroup [Less than high school graduate]; Gender [Female]; IncomeGroup [$0 to
$49,999]; Race [ White]; PoliticalldeologyGroup [Conservative]. Random effects results

show the absence of geographical patterns.
Table 12
Multi-level regression results for Teach.

Teach Global Warming in School Multi-Level Logistic Regression

% p<0.001

Solar Presence Solar Rate Combined
. Odds Odds Odds

Predictors Ratios = P Ratios a Ratios a P
(Intercept) 1.62° 1.01-2.59  0.044 1.64° 1.02-2.62  0.039 1.62° 1.01-2.59  0.044
Solar [Yes] 0.7 0.46-1.07 0.103 0.69 045-1.06  0.093
AgeGroup36-55 0.99 0.76 -1.29 0952 0.99 0.76 -1.28  0.923 0.99 0.77-1.29  0.964
AgeGroup56-75 0.87 0.68—-1.11 0254 0.86 0.67 — 1.09 0.21 0.87 0.68 —1.11 0.26
EducationGroup [HS
Graduate to Associate 0.96 0.63-1.46 0.843 0.95 0.62-1.45 0.814 0.96 0.63-1.46 0.833
Degree]
EducationGroup
[Bachelors Degree or 1.07 0.68-1.68  0.759 1.06 0.68—-1.66  0.803 1.07 0.68-1.68  0.767
Higher]
Gender [Male] 0.72"  0.60-0.87 <0.001 0.73™ 0.60-0.87 0.001 072" 0.60-0.87 <0.001
IncomeGroup [$50,000
to $149,999] 0.92 0.74-1.15 0471 0.92 0.74-1.14 0.43 0.92 0.74—-1.14 0463
IncomeGroup
[$150,000+] 1.03 0.76 -1.40  0.858 1.01 0.75-1.37 0.94 1.02 0.75-1.39  0.882
Race [Black,

1.04 0.73-1.48  0.829 1.04 0.73-1.48  0.828 1.04 0.73-1.48  0.831
Non-Hispanic]
Race [Hispanic] 1.29 092-1.79 0.135 1.26 091-1.75 0.168 1.28 092-1.79  0.141
Race [Other,

1.23 0.74-2.06  0.425 1.22 0.73-2.05 0444 1.22 0.73-2.05 0.442
Non-Hispanic]
Race [2+ Races,

0.61" 0.37-1.00  0.049 0.60 " 0.37-0.99  0.045 0.61" 0.37-1.00  0.049

Non-Hispanic]
StructureDensity 1 096-1.04 0953 1 0.96-1.04 0.927 1 0.96-1.04  0.909
PoliticalldeologyGroup . . .
[Middle of the Road] 4.07 334-496 <0.001 4.06 334-495 <0.001 4.07 334-4.96 <0.001
PoliticalldeologyGroup 1y 33+ g34 154 <0001 1127° 830-153 <0001 11.33"° 834154 <0.001
[Liberal]
SolarRate 1.06 0.20-5.71  0.946 1.42 0.25 - 8.06 0.69
Random Effects
o’ 3.29 3.29 3.29
Too 0.00 State 0.00 State 0.00 State
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N 51 State 51 State 51 State
Observations 3121 3124 3121
Marginal R? /

Conditional R? 0.235/NA 0.234 / NA 0.235/NA

5<0.05 **p<0.0] ***p<0.001

Note. Reference categories for each variable: Solar [No]; AgeGroup [18-35];
EducationGroup [Less than high school graduate]; Gender [Female]; IncomeGroup [$0 to
$49,999]; Race [ White]; PoliticalldeologyGroup [Conservative]. Random effects results
show the absence of geographical patterns.

Policy Support Multi-level Logistic Regression

I again mirrored the policy support model based on the previous two and
dichotomized the two variables into “support” or “not support” (“Strongly support” with
“Somewhat support” and “Somewhat disagree” with “Strongly disagree”). Table 13
shows the results of the multi-level logistic regression model regarding support for
funding research into renewables. The results from this model show that education and
income have significant correlation with supporting funding research into renewables. A
person with a bachelor’s degree or higher is 80 % more likely to support funding research
than someone without a high school diploma or equivalent and someone who makes over
$50,000 but less than $150,000 is 31 percent more likely to support the funding than
those who make less than $50,000, however as income increases to over $150,000 the
relationship is no longer significant. Neither household solar nor the neighborhood solar

rate were associated with support for funding research into renewables.

Table 14 shows the results of the multi-level logistic regression model regarding
support for tax rebates for people who purchase energy efficient vehicles or solar panels.
Of note is the absences of a significant correlation between solar presence on an

individual’s home and the support for a tax rebate for those solar panels. Men are less
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likely than women to support a tax rebate as well as conservatives being far less likely

than liberals to support a tax rebate.
Table 13

Multi-level regression results for Research.

Fund Research into Renewables Multi-Level Logistic Regression

Solar Presence Solar Rate Combined
. Odds Odds Odds

Predictors Ratios a Ratios = Ratios = P
(Intercept) 1.46 0.89-2.38  0.131 1.42 0.87-2.31 0.16 1.46 0.89—2.38 0.13
Solar [Yes] 0.89 0.53-1.47 0.645 0.9 0.53-1.51  0.681
AgeGroup36-55 1.14 0.85-1.51 0384 1.14 0.86-1.52  0.368 1.13 0.85-1.51 0.388
AgeGroup56-75 1.21 092-1.58 0.176 1.2 092-1.58 0.175 1.2 092-1.58 0.179
EducationGroup [HS
Graduate to Associate 1.29 0.84-1.97  0.239 1.33 0.87-2.03 0.187 1.29 0.84-1.98 0237
Degree]
EducationGroup
[Bachelors Degree or 1.80°  1.13-2.88  0.014 185" 1.16-2.94 0.01 1.80°  1.13-2.88 0.014
Higher]
Gender [Male] 0.93 0.75-1.14 0474 0.92 0.75-1.14 0.46 0.93 0.75-1.14 0474
IncomeGroup [$50,000 . . .
t0 $149,999] 1.31 1.03-1.66  0.028 1.31 1.03-1.66  0.028 1.31 1.03-1.66  0.028
IncomeGroup
[$150,000+] 1.1 0.78 — 1.55 0.595 1.1 0.78 — 1.55 0.599 1.1 0.78 — 1.55 0.589
Race [Black,

0.71 049-1.03  0.071 0.7 048—-1.01 0.053 0.71 049-1.03 0.071
Non-Hispanic]
Race [Hispanic] 1.13 0.78 — 1.64 0.53 1.12 0.77-1.63  0.542 1.13 0.78—-1.64  0.529
Race [Other,

1.25 0.67-2.35 0.486 1.25 0.67-2.36 0.484 1.25 0.67-2.36  0.482
Non-Hispanic]
Race [2+ Races,

0.78 044-1.39 0401 0.79 044-139 0413 0.78 044-1.39 0.399
Non-Hispanic]
StructureDensity 1.01 0.96-1.05 0.823 1.01 096-1.05 0.777 1.01 096-1.05 0.813
PoliticalldeologyGroup . B . B . B
[Middle of the Road] 3.00 239-3.78 <0.001 2.99 2.38-3.76 <0.001 3.00 2.39-3.78 <0.001
PoliticalldeologyGroup 7 51« 495 994 <0.001 702" 495-995 <0.001 701 495-9.94 <0.001
[Liberal]
SolarRate 0.76 0.10-5.71 0.79 0.82 0.11-645 0.853
Random Effects
o’ 3.29 3.29 3.29
Too 0.03 State 0.03 State 0.03 State
N 51 State 51 State 51 State
Observations 3103 3106 3103

H 2

Marginal R°/ 0.165/0.172 0.165/0.173 0.165/0.172

Conditional R?

#<0.05 ** p<0.01

*E p<0.001
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Note. Reference categories for each variable: Solar [No]; AgeGroup [18-35];
EducationGroup [Less than high school graduate]; Gender [Female]; IncomeGroup [$0 to
$49,999]; Race [ White]; PoliticalldeologyGroup [Conservative]. Random effects results
show the absence of geographical patterns.

Table 14

Multi-level regression results for Tax Rebate.
Tax Rebate Multi-Level Logistic Regression

Solar Presence Solar Rate Combined
Predictors ROa ij?s Cl P ROa ij?s CI )4 }51 ij?s CI )4
(Intercept) 1.81°  1.14-290  0.013 176 1.11-2.80  0.017 1.81°  1.14-289  0.013
Solar [Yes] 1.58 091-2.73  0.104 1.52 0.87-2.65 0.142
AgeGroup36-55 1.05 0.80-1.39  0.717 1.06 0.81-1.40  0.668 1.06 0.80-1.39  0.703
AgeGroup56-75 0.92 0.71-1.20  0.548 0.94 0.73-1.22  0.636 0.93 0.71-1.20  0.561

EducationGroup [HS
Graduate to Associate 1.48 0.99-222  0.055 1517 1.01-226  0.043 1.48 0.99-221  0.057
Degree]

EducationGroup
[Bachelors Degree or 1727 1.11-2.67  0.016 175 1.13-271  0.012 1717 1.10-2.65  0.017
Higher]

Gender [Male] 0.74™ 0.61-090 0.003 074" 0.61-0.90 0.002 074" 0.61-0.90 0.003
IncomeGroup [$50,000

to $149,999] 1.17 093-1.47  0.181 1.18 094-148 0.164 1.17 0.93 147 0.19
IncomeGroup

[$150,0004] 0.87 0.64-1.20  0.409 0.88 0.64—-121 0428 0.87 0.63-1.19 0.38
Race [Black,

0.74 0.52-1.05  0.095 0.73 0.51-1.03  0.077 0.74 0.52-1.05  0.094
Non-Hispanic]
Race [Hispanic] 1.02 0.72-1.45  0.898 1.03 0.73-1.47  0.849 1.02 0.72-1.44  0.928
Race [Other,
Non-Hispanic]
Race [2+ Races,

1.13 0.65-1.97  0.669 1.11 0.64-195 0.707 1.12 0.64-1.95 0.702

0.72 042-123  0.229 0.74 0.44-1.27 0.278 0.72 042-1.23 0.226
Non-Hispanic]

StructureDensity 1 096-1.04 0813 099  095-1.04 0771 099  0.95-1.03  0.749
fﬁggﬁ;ﬁﬁ}gg&;‘]“p 2507 2.02-3.09 <0.001 250" 2.02-3.10 <0.001 250" 2.02-3.10 <0.001
PoliticalldeologyGroup ¢ 57+ 475 910 <0001 661" 478-9.16 <0.001 657 475-9.10 <0.001
[Liberal]

SolarRate 279 038-206 0316 197  026-150 0513
Random Effects

o 329 329 329

Too 0.00 sate 0.00 sate 0.00 sate

N 51 state 51 state 51 state

Observations 3104 3107 3104

Marginal R?/

Conditional R2 0.157/0.158 0.157/0.158 0.158/0.158

#<0.05 **p<0.0] ***p<0.00]
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Note. Reference categories for each variable: Solar [No]; AgeGroup [18-35];
EducationGroup [Less than high school graduate]; Gender [Female]; IncomeGroup [$0 to

$49,999]; Race [ White]; PoliticalldeologyGroup [Conservative]. Random effects results
show the absence of geographical patterns.
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CHAPTER 6:

DISCUSSION

In research question one, I asked: is solar panel presence on an individual’s home
associated with climate change opinions and renewable energy policy support? After
controlling for demographics, there were no significantly correlated relationships
between the variables. The strong and highly significant relationship that political
ideology has with each variable could have hidden or masked the significance of solar

panel presence in regard to climate change opinion and policy support.

Previous research shows that select demographic characteristics, such as income,
political ideology, and race, can predict solar adoption. My research is consistent with
some of these findings: I show higher-income people are more likely to live in
neighborhoods with greater solar prevalence. However, my research shows the presence
of solar on one’s home is not a sonsistent or strong predictor of environmental opinion.
Although research question one focuses on solar panel presence and its relationship with
climate opinion and environmental civic engagement this is an additional finding that
sheds necessary light on inferring solar panel ownership in regard to long held predictors
for household solar adoption. (Bergquist et al., 2020; Leiserowitz et al., 2021; Schelly &

Letzelter, 2020).

The second question I asked was, while people who have solar panels are more
likely than their neighbors without solar panels to vote, regardless of political affiliation
(Mildenberger et al., 2019), are they also more likely to engage in other actions related

to environmental civic engagement, including donating money to environmental
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organizations, volunteering with an environmental organization, or meeting with an
elected official to discuss global warming? Each of the three types of environmental civic
engagement were found to be significantly or marginally significantly associated with the
presence of household solar. After controlling for demographics, respondents who
reported having solar on their home tended to be more likely to say that they would be
willing to engage in civic actions related to global warming. This builds on the previous
research mentioned in the research question by showing that not only are people more
likely to vote like that research found, but they are also more likely to be civically
engaged in other ways if they have solar on their homes. Those with solar were 69 %
more likely to engage in the environmental civic engagement actions of meeting with a
politician and 55 % more likely to donate money to organizations working on global

warming than those without solar.

A key finding not related to household solar regarding the civic engagement
variables is seeing how income impacts a person’s willingness to participate. Two had
significant negative relationships as income increased, showing that the more wealth an
individual has, the less likely they are to volunteer or meet with a politician regarding
environmental issues, and the willingness to donate money had an absence of

significance in either direction.

The third question I asked was, is the presence of solar panels in an individual’s
neighborhood surroundings associated with climate change opinions and renewable
energy policy support, regardless of whether they have solar panels on their own home? 1
found that there was one significant relationship between neighborhood solar rate and

policy support or climate opinions. The relationship between neighborhood solar rate and
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thinking your local officials should be doing more about global warming was negatively
associated. This association could imply that people who live in neighborhoods with high
solar rates get a sense that their local officials are doing enough to address global
warming. Although the two are not directly related, local officials could influence solar
adoption rates in the form of favorable legislation. The lack of significance with other
variables could lead one to suggest that while assumptions can be made of solar dense
neighborhoods, those assumptions of climate change opinion or policy support should not
be applied to individuals. Another key part of this is that neighborhoods with high solar
rates were consistently found in New York and California, states often assumed to be in
favor of climate change friendly policies and opinions. The answer to this question is
contrary to those assumptions as these solar dense neighborhoods show little to no
association with the respondent’s climate change opinion or policy support. However,
subsidies could be an influencing factor in the case of states with pro-solar legislation.
The results of the random effects tests within the model show there are two variables that
are influence by geography, support of funding research into renewables and worry about

global warming.

Policy often drives the spread of residential solar throughout neighborhoods and
states (Stokes, 2020). However, the findings of these tests indicate that while solar
installations may be expanding in various neighborhoods, the associated sentiments and
perceptions do not consistently align with this trend. (Graziano & Gillingham, 2015;

Palm et al., 2017; Stokes, 2020).

The fourth question I asked was, are people who live in neighborhoods with

higher rates of solar panels, compared to those in neighborhoods with low solar



68

penetration, more likely to engage in actions related to environmental civic engagement,
including those listed above? There were no significant relationships found within the 95
% confidence requirements. The importance of finding no significant relationships is that
while having solar on your specific home correlates with the tested variables as noted
previously, solar in your neighborhood does not show the same correlation. This is a very
interesting finding as solar and neighborhood solar rate are highly correlated with each
other, however, solar is significant with all three civic engagement variables while

neighborhood solar rate lacks that same relationship with all of them.

The second hypothesis was mostly supported: I found that solar on an individual’s
home correlates with how likely someone is to be civically engaged. This was supported
for the two of the three civic engagement variables at the 95% confidence level, and one
variable at the 90% confidence level. Overall, household solar presence appears to be a

fairly consistent predictor of climate change-related civic engagement actions.

My third and fourth hypotheses were only partially supported. I found that the
solar panel presence within one’s neighborhood was not associated with one’s climate
opinions, policy support, or civic engagement willingness outside of a negative
association with thinking local officials should doing more to address global warming.
These results suggest that although one can make assumptions regarding neighborhoods
with high solar density, such assumptions lack a solid foundation as city ordinances,
policies, and even homeowner association (HOA) regulations exert an influence on solar
installations at the neighborhood level (Kisiel, 2020; Stokes, 2020). Some states have
new solar projects being banned at the county and city levels, as well as providing an

option for HOA’s to ban new solar (Nationwide Solar, 2022; Zuckerman et al., 2022).
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An unexpected finding to point out regarding neighborhood effect is that structure
density was found to have significant relationships with some of the variables. Expected
harm from global warming and willingness to donate to an organization addressing global
warming both increased as structure density increased. For example, in reference to the
worry variable, if person one lives in a neighborhood with a structure density of 3 per
square kilometer and person two lives in one with 99 per square kilometer, then person
two would be 34.65 times more likely to expect personal harm from global warming.
That results in a very large increase in likelihood with just a small increase in structure

density.

Political ideology had very strong correlations with each variable showing that
while solar presence and neighborhood rate might influence some of the civic
engagement, climate opinion, and policy support variables, the overarching influencer is
the factor of political ideology. How conservative or liberal someone is was a much
stronger predictor of environmental civic engagement, climate opinion, and policy

support than any of the other variables tested.

Previous research surrounding risk associated with climate change effects
regarding urban and rural communities finds that rural communities are more at risk than
urban communities (Lal et al., 2011). My findings show that while those that live in rural
communities expect less harm and are less worried than those in urban settings, the
individuals in more rural areas have a higher risk of being impacted negatively by climate

change.
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CHAPTER 7:

CONCLUSION

The results of this research provided more understanding of who has solar panels
on their roof, whether or not they are civically engaged in environmental issues, and how
the presence of solar panels in a neighborhood might be associated with public support
and engagement toward environmental issues. I investigated the relationship between an
individual and solar panel presence from a different point of view than previous research
and thus provide novel results. The use of remote sensing data was a novel approach to
understanding how neighborhood solar panel density influences a person’s climate

opinions or environmental civic engagement.

Some limitations to my research were not having satellite imagery that matched
the survey dates for each point and the phrasing of the questions. I was able to find
imagery from either 6 months prior or 6 months post survey, but the solar installation
rates within neighborhoods could have changed during those times as well as the overall
visibility based on installation location on the roof. The temporal limitations were also
present while I was counting the number of structures, as there were homes under
construction in many cases. If the homes had been completed by the survey time or new
ones completely built, my numbers for structure density would not have been accurate at
the exact time of the survey completion. The phrasing limitation comes from the survey
using the phrase “global warming”, this phrase has become associated with a specific part
of climate change, however it is sometimes used interchangeably, which causes

confusion and misunderstanding (Villar & Krosnick, 2011).
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The next step to further assess the impact of individual solar and neighborhood
solar rate would be to take a temporal look at the results. Throughout my research and
analysis, I used the dataset as a whole and if there were more waves present a cross-
sectional approach using the waves as benchmarks in a time series could produce
intuitive results. Cross-sectional studies have a myriad of benefits to understand how
populations are changing and can better help predictions and policy decisions in the
future (Di Girolamo & Mans, 2019). This data already has three sets of the same
variables from different people and points in time, and future waves of this survey will
include them which could result in a very robust dataset for a temporal cross-sectional

study.

Conclusions from previous research provided conflicting information as to what
correlates with solar installation, with reasons ranging from hybrid car ownership to the
number of people bringing in income to the household (Best et al., 2019; Bollinger &
Gillingham, 2012). Schelly and Letzelter (2020) found that many variables may predict
solar panel ownership (e.g., political affiliation, climate change opinion, education level)
but none are “statistically significant” (Schelly & Letzelter, 2020). Rebates and other
policies regarding renewable energy resources have begun to be researched but it is still a
newer area of study (Stokes, 2020). My research aimed to clarify the extent to which
solar panel presence correlates with climate opinions and environmental civic
engagement intentions. Policymakers and activists will likely be interested in the findings
about how the growth of household solar in a community might shape or signal the
public’s support for renewable energy policies. For policymakers, knowing their

constituency is a key part of reelection and understanding the needs of the people they
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represent, and these findings will provide policymakers with information regarding the
response to solar panel growth at an individual and community level. Based on these

findings, civic organizations and community organizers pushing for climate action can
better understand how varying rates of solar installation could influence the ideals and

habits of communities.
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