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“Is global warming affecting the weather?” Evidence for increased attribution beliefs

among coastal versus inland U.S. residents.

Increasingly, researchers studying public beliefs about global warming have turned to the question

of whether individuals have begun to perceive changes to their local climate conditions and to what

extent they attribute these changes to the phenomenon of global warming. Perceptions of particular

types of extreme events, i.e., extreme heat and droughts, have attracted the most attention, whereas the
possible effects of place (such as proximity to coastal areas vulnerable to sea level rise) on public beliefs
about the link between changes to weather patterns and global warming have been largely neglected. This
study matches geo-located responses to a nationally-representative survey of U.S. residents with climate
extremes data in order to investigate the social and physical factors shaping public views about the links
between global warming and extreme weather. Specifically, regional-level Climate Extremes Indices (CEI)
are modeled together with individual-level socio-demographic characteristics and an indicator of coastal
residence to test whether the incidence of extreme events and proximity to the coasts, net of social and
economic factors, correspond to increased perceptions that global warming has affected the weather.
Results indicate that coastal shoreline county residence significantly predicts individuals’ beliefs about the

extent to which global warming is affecting the weather.

Keywords: Climate change; risk perceptions; coastal communities; survey research; climate
extremes

Word count: 8,910
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Introduction

The 2014 National Climate Assessment found that “Human-induced climate change has
already increased the number and strength of some of these extreme events,” and that “[o]ver the
last 50 years, much of the United States has seen an increase in prolonged periods of excessively
high temperatures, more heavy downpours, and in some regions, more severe droughts,” (Melillo
et al. 2014). While the scientific consensus about the reality and human causes of global
warming has been well documented (Cook et al. 2016), the increasing scientific evidence linking
meteorological events with global warming, or attribution science — does not have a similar level
of certainty associated with it in the scientific literature (Trenberth et al. 2015; Stott et al. 2016).
Climate scientists generally favor an approach that emphasizes how anthropogenic climate
change may be magnifying extreme weather events, and recent studies point to changes in large-
scale thermodynamic environments (i.e., anomalous sea surface temperatures) as fueling extreme
temperatures and atmospheric moisture associated with extreme weather events, such as the 2012
superstorm Hurricane Sandy and the 2013 Colorado floods (Trenberth et al. 2015). That said,
extreme weather events are by definition infrequent and a single event is not replicable so the
attribution of anthropogenic climate change to any single extreme event, or even any extreme
event type, is generally only possible through simulation (Trenberth et al. 2015).

Since attribution science is still relatively new and public understanding of the difference
between weather and climate is limited (Capstick and Pidgeon 2014), it is likely that most
individuals interpret local trends in weather-related phenomena through their own social
circumstances, relative exposures to events, and evaluative predispositions about environmental
issues and hazards. Individuals living near the U.S. coasts in particular have been and may

become increasingly more exposed to the adverse impacts of severe weather events than many
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inland residents, but the extent to which and why individuals in these highly vulnerable areas
perceive (or do not perceive) these impacts has not been comprehensively studied. Past research,
however, has found some evidence suggesting that proximity to the coasts in other countries is
correlated with beliefs about global warming and support for policies to address it (Milfont et al.
2014; Zahran et al. 2006; Carlton and Jacobson 2013). For example, a recent study using a
national probability sample of New Zealanders found that people living nearest to the shoreline
“expressed greater belief that [global warming] is real and greater support for government
regulation of carbon emissions,” controlling for age, education, gender, political orientation, and
wealth status (Milfont et al. 2014).

Although there have been local and regional studies examining the link between risk
perceptions, beliefs and attitudes, and proximity to the coasts (e.g., Zahran et al. 2006; Carlton
and Jacobson 2013), there has been a relative dearth of research efforts aimed at examining the
influence of geographic proximity to the coasts on residents’ perceptions of the link between
global warming and weather on a national scale in the United States. This research aims to
investigate whether and the extent to which beliefs about the link between global warming and
weather emerge from place-specific contexts rather than simply corresponding to ideological or
sociodemographic characteristics of individuals alone. Specifically, this study will test three
interrelated hypotheses about the nature of individual-level environmental risk perception
formation:

H1: Individual-level sociodemographic characteristics exert a direct influence on
individuals’ perceptions about the link between global warming and weather events. Specifically,
younger, higher educated, lower income, non-white, and politically liberal individuals will be

more likely to attribute global warming to changes in weather events. Additionally, those who
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are more worried about global warming will be more likely to attribute weather changes to the
phenomenon.

H2: Climate extremes, as measured by regional climate extremes indices, exert a direct
influence on individuals’ perceptions of the link between global warming and weather events.
Specifically, individuals residing in regions with greater climate extremes will be more likely to
attribute changes in weather events to global warming.

H3: There is geographic variation in individual-level perceptions about the link between
global warming and weather events. Specifically, individuals residing nearest to the coasts will

be more likely to attribute changes in weather events to global warming.

Review of Literature

In Environmental Sociology, John Hannigan argues for "an approach to environment and
society that pivots on the concept of emergence," (2014). Emergence in the social sciences is
understood as the concept "...that social organization and the production of knowledge are
fundamentally fluid, dynamic, and adaptive," and "...that they percolate from the grassroots
rather than pass from the top downwards," (Hannigan 2014). This concept provides a useful
framework for understanding human-environmental interactions by framing perceptions of
climate- and weather-related events as emergent properties stemming from place-specific, social,
economic and physical characteristics. Guagnano and Markee (1995, 137) proposed the useful
notion that "...attitudes, values, and beliefs have historical and cultural roots, and these roots may
be specific to different regions of the United States, each of which has its own unique cultural
heritage and tradition." Others have conceptualized similar constructs to place-based emergence

in the social sciences, such as Gieryn’s (2000) argument for an understanding of social
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phenomena as “emplaced,” or rooted in the social, economic, and cultural aspects of geographic
locations.

As concept in sociological theory and practice, place has generally has been defined and
utilized in terms of three mutually necessary characteristics: 1) geographic location; 2) physical
or material forms; and 3) meaning and value (Gieryn 2000). Place is embedded in geographic
space, associated with material culture and the built or natural environment, and imbued with
socially constructed meanings and values. As it relates to environmental attitudes and
perceptions, prior research has most often utilized place by investigating the influence of
individuals’ sense of place or place attachments (Stedman 2002; Scannell and Gifford 2010(a);
Scannell and Gifford 2013). Many studies examining place attachment have found significant
and positive associations between various dimensions place attachment (i.e., natural vs.
civic/built environment attachments) and environmental concern and conservation behaviors
(e.g., Vorkinn and Riese 2001; Brehm et al 2006; Gosling and Williams 2010; Scannell and
Gifford 2010(b)), but other efforts to examine place attachments have also revealed that deeper,
place-based meanings and values exert an even stronger influence over environmental concern
than attachments to place alone (Brehm et al. 2011).

Individuals’ perceptions of place have also been construed in terms of “sense of place,”
which has been defined as a “collection of symbolic meanings, attachment, and satisfaction with
a spatial setting held by an individual or group,” (Stedman 2002; Stedman 2003). Such sense of
place attributes have been found to contribute to pro-environmental attitudes and behaviors
(Jorgensen and Stedman 2006; Brown and Raymond 2007; Walker and Ryan 2008; Larson et al.
2013). Deep attachment to place can also be rooted in biophilia, i.e., the innate or learned

attraction to habitation in healthy and abundant environments, and/or topophilia, i.e., value- and
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meaning-laden attachments of individuals and social groups to place, and these two senses of
place can either reinforce or challenge one another, particularly when changes to landscape
features or the built environment are under consideration, i.e., green-space development in urban
places (Stedman and Ingalls 2014). Sense of place and place attachment likely play substantial
roles in the formation of individuals’ perceptions of environmental risks, especially when those
risks are related to hazards that can fundamentally alter the natural or physical characteristics of
lived environments and thereby affecting individuals’ continued sense of place and associated
attachments to it. Perceptions of climate- and weather-related phenomena are particularly
relevant to this discussion, especially in the context of climate change and the link between
extreme weather event magnitude and global climatic change.

Past efforts to understand perceptions of climate- and weather-related phenomena have
largely focused on single event-types and case studies, e.g., hurricanes, droughts, and floods
(Kasperson and Dow 1993; Clark et al. 1998; Bullad and Wright 2009; Goebbert et al. 2012;
Howe et al. 2014; Klinenberg 2015; Hamilton et al.. 2016b), or particular indicators of climate
and weather, e.g., temperature, precipitation, or weather extremes (Hamilton and Keim 2009;
Brulle et al. 2012; Howe and Leiserowitz 2013; Marquart-Pyatt et al. 2014; Cutler 2015; Shao
2016; Shao and Goidel 2016; Hamilton et al. 2018; Fownes and Allred 2019), and their social
and biophysical correlates. Studies investigating the correlates of beliefs about global warming
have incorporated local weather events and climatic data in order to understand whether and to
what extent severe events have influenced individuals’ perceptions about the reality and risks
posed by global warming. Exploiting short-term variation in local weather conditions, a growing
set of studies link climate beliefs and attitudes to temperature shifts (Hamilton and Keim 2009;

Egan and Mullin 2012; Hamilton and Stampone 2013; Zaval et al. 2014; Shao et al. 2014; Shao
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et al. 2016; Fownes and Allred 2019); many fewer have considered coastal flooding (e.g., Spence
et al. 2011). Physical vulnerability to climate-related impacts appears to increase global warming
risk perceptions. Brody, Zahran, Vedlitz, and Grover (2008), for example, found that respondents
residing in places most vulnerable to inundation from sea level rise perceived a greater risk from
global warming than did those living on relatively higher ground or further away from the
coastline. Additionally, Milfont et al. (2014) demonstrated a significant effect of proximity to the
shore on beliefs about the reality of global warming and support for policies to address it.
Perceptions and experiences of actual weather may not always align as some segments of
the public have become more sensitized to global environmental change than others. On the one
hand, individuals’ perceptions of unusual local weather may exert a stronger influence on their
global warming risk perceptions than objectively-measured abnormal weather trends at the local-
level (Shao 2016). This suggests that public perceptions of climate impacts may sometimes
outpace local-level changes to weather patterns. On the other hand, strong socio-cultural filters
can reduce or even override one’s ability to detect local weather changes (e.g., Brulle et al. 2012;
Myers et al. 2012; Kahan 2012; Howe and Leiserowitz 2013; McCright et al. 2014; Marquart-
Pyatt et al. 2014; Howe 2018). Other studies (e.g. Goebbert et al. 2012) demonstrate that
instrumental changes in the weather are better predictors of perceptions of drought and flooding
than perceptions of local temperature changes. Changes in precipitation patterns also appear to
be more easily detected by residents than changes in temperature (Marlon et al. 2018). Moreover,
a number of studies find that individual-level political orientations overshadow regional-level
climatic conditions in models predicting public beliefs about the immediacy and seriousness of
global warming and climatic phenomena (Marquart-Pyatt et al. 2014, Hamilton et al. 2016a, and

Hamilton et al. 2016b).
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Using nationally-representative survey data, other recent studies have employed
multilevel regression and post-stratification (MRP) to “downscale” or predict beliefs and
perceptions at various sub-national levels. MRP models accurately predict global warming
beliefs, risk perceptions, and policy preferences at the state, congressional district, metropolitan,
and county levels (Howe et al 2015; Mildenberger et al. 2016; Mildenberger et al. 2017).
Geographic variation in perceptions of both local events or phenomena and broader global
warming has proven critically important to explaining potential differences in public attitudes
about the immediacy of global warming as a threat and its impact on current trends in localized
climatic or meteorological events. This place-based variation has been found to be related to
variation in political support and local economic contexts, such as in places associated with the
mining, oil, and gas industry (Olson-Hazboun et al. 2018). This indicates that local economic,
social, and cultural circumstances are also critical to our understanding of risk perception
formation.

Many past studies on subjects ranging from human health and public safety, to the
environment and other domains, show that personal experience of a hazard significantly
increases beliefs about the likelihood of future incidence and seriousness of such events
(Kunreuther 1978; Smith and Tobin 1979; Mitchell 1984; Weinstein 1989). The link between
personal experiences of climatic events and perceptions of risks associated with global warming,
however, has found relatively limited support (McCright et al. 2014; Hornsey et al. 2016), and is
likely due in part to the perceived spatial and temporal distance of global warming among the
general public in the United States. On the international level, however, evidence suggests that
changes to local climates have influenced perceptions of local change. Howe et al. (2013)

investigated measured temperature changes alongside public perceptions of changes across 89
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countries and found that those residing in places with rising average temperatures were more
likely to perceive local warming.

Physical vulnerabilities to climate- and weather-related hazards have also been associated
with climate change risk perceptions: people residing in places most vulnerable to inundation
from sea level rise perceive a greater risk from global warming than do those living on relatively
higher ground or further away from the coastline (Brody et al. 2008; Milfont et al. 2014). The
subjective experience of climate-related extreme events is also related to the proximity to
impacts as well as the magnitude of the impacts (Howe et al. 2014). Additionally, other research
has found a multiplicative effect between county-level property damage from severe weather and
individual-level household income on individuals’ perceptions of climate risks and extreme
weather, such that lower-income individuals living in places hardest hit by severe weather were
much more likely to perceive climate impacts than their higher-income neighbors (Cutler 2015;
2016).

Though there have been many studies on individual beliefs and attitudes about
environmental phenomena and their sociodemographic correlates, these studies have
overwhelmingly focused on identifying and explaining what Van Liere and Dunlap (1980)
referred to as the “social bases of environmental concern.” From the “age, social class, residence,
political, and sex hypotheses” (see Van Liere and Dunlap 1980) emerged a myriad of studies
over the following decades charting the sociodemographic correlates of individual beliefs,
attitudes, perceptions of risks, and norms of behavior with respect to environmental issues and
problems, most notably in recent years the social and political dimensions of global warming
beliefs. Less attention, however, has been given to the potential place-level socioeconomic

factors, especially in conjunction with biophysical indicators that put some individuals in
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positions of increased risk for harm. Perceptions are an important determinant of responses to
risks, so an improved understanding of the drivers of risk perceptions can clarify how severe
climate- and weather-related event impacts may affect individuals and populations (Leiserowitz
2005; Thomas et al. 2007; Whitmarsh 2008; Weber 2010; Wilhelmi and Hayden 2010).

Individual-level values are also embedded in place-specific contexts and connected to
locally-relevant phenomena, such as cultural milieu, history, economic vibrancy, and patterns of
integration or segregation, among other factors (Guagnano and Markee 1995; Lorenzoni and
Pidgeon 2006; Shwom et al. 2008; Hamilton and Keim 2009; Hamilton et al. 2010; Safford et al.
2012; Sampson 2012; Hamilton and Safford 2014). As has been shown above, place-based
values and attachments relate to environmental beliefs and concerns, but to what extent
individuals understand and perceive their own relative vulnerabilities is an important factor for
policymakers and organizations involved in disaster preparation and response to consider. The
link between perceived and measured vulnerabilities to environmental hazards has also been
relatively underexplored (Brody et al. 2008; Wolf et al. 2010; Spence et al. 2011). Perceptions
about climate change have been analyzed as correlates of personal values, worldviews, and other
culturally-rooted cognitive processes at the individual level, but place-level factors have received
relatively less attention. Where place-level factors have been assessed in prior research on
perceptions of environmental risks, these studies have often focused on specific regions, such as
perceptions of weather conditions among U.S. Gulf Coast residents or perceptions of
environmental risk among Floridians (Shao and Goidel 2016; Carlton and Jacobson 2013).

This research will link these insights from sociological and psychological studies
exploring the individual-level influences on environmental attitudes and perceptions to the

geographic literature on place-level differences in attitudes and perceptions by combining
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national survey data with multiple sets of data on place-level physical contextual factors and
indicators of residence in communities along the U.S. coasts. In doing so, this study will address
a gap in the literature, namely that coastal residence, in particular, may be an important yet
previously unexplored factor influencing how certain among those in the general public have

come to attribute local weather extremes to global warming. .

Methods

Data utilized in this research comes from the Climate Change in the American Mind
(CCAM) surveys conducted by the Yale Program on Climate Change Communication and the
George Mason University Center for Climate Change Communication. CCAM surveys have
tracked public beliefs and attitudes about global warming and a wide range of associated issues
and topical areas, such as risk perceptions, media consumption habits, policy preferences, and
many others. Samples were drawn from GfK’s KnowledgePanel®, an online panel recruited
using probability sampling via random digit dialing and address-based mail techniques which
cover essentially all resident phone numbers and mail addresses in the United States. Survey
questionnaires were self-administered by respondents through a web-based environment. Those
sampled who chose to join the panel but did not have access to the internet at home were loaned
personal computers and provided with internet access in order to participate so that the web-
based design would not systematically exclude certain segments of the population. Post-survey
weights were applied to demographic variables to match the US Census Bureau’s norms. Survey
weights were also applied to the statistical analyses presented in this study.

There have been eighteen waves of CCAM data collected since the fall of 2008. While

some items have been tracked throughout CCAM’s deployment, most survey questions have
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257  been asked more selectively. In this study, two survey items are used to construct a single ordinal
258 indicator of belief about the link between global warming and the weather. The two survey

259  questions read as follows:

260 2. Which statement below best reflects your view? [Global warming is affecting the

261 weather in the United States, Global warming is not affecting the weather in the United States,
262 Global warming isn’t happening, Don’t know, Prefer not to answer].

263 3. [1f “Global warming is affecting the weather”] How much do you think global

264 warming is affecting the weather in the United States? [A lot, Some, A little, Don’t know, Prefer
265 not to answer].

266  These items were assessed on six CCAM survey waves — April 2013, December 2013, April
267 2014, March 2016, November 2016, and May 2017. Sample sizes and response rates for all

268  waves are reported in Table 1. Survey waves were pooled for the purposes of these analyses, but
269 an indicator for survey wave was included in order to test any potential temporal effects. The
270  dependent variable derived from these items was treated as ordered categorical, with categories

271 ordered as follows:

272 1. Global warming isn’t happening.

273 2. Global warming is not affecting the weather.

274 3. Don’t know.

275 4. Global warming is affecting the weather. Don’t know (how much).
276 5. Global warming is affecting the weather — a little.

277 6. Global warming is affecting the weather — some.

278 7. Global warming is affecting the weather — a lot.

279  [Table 1 near here]
280 Individual-level independent variables included respondents’ age, (1, 18-29; 2, 30-44, 3,

281  45-59; 4, 60+), gender (0, Male, 1, Female), educational attainment (1, less than high school; 2,
12



282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298
299
300
301
302
303
304

305

high school or equivalent; 3, some college/2-year Associate’s degree; 4, Bachelor’s degree or
higher), household income (1, less than $25,000; 2, $25,000-$34,999; 3, $35,000-$49,999; 4,
$50,000-$74,999; 5, $75,000-$99,999; 6, $100,000+) race and ethnicity (1, White, non-Hispanic;
2, Hispanic; 3, Black, non-Hispanic; 4, Other race or multiracial, non-Hispanic), and political
ideology (1, very liberal; 2, somewhat liberal; 3, moderate; 4, somewhat conservative; 5, very
conservative). Descriptive statistics for survey-based, individual-level characteristics are
provided in Tables 2 and 3. Place-level independent variables included two indicators of weather
extremes derived from NOAA’s Climate Extremes Index (CEI) and an indicator of coastal
shoreline county residence developed using data from the National Geodetic Survey’s
Continually Updated Shoreline Project (CUSP). CUSP data is available for download at the
regional level through NOAA’s Shoreline Data Explorer online and captures all national
shoreline boundaries, including Alaska, Pacific Islands, Great Lakes, Gulf of Mexico, North
Atlantic, Southeast and Caribbean, and West Coast.
[Table 2 near here]

NOAA'’s CEI was accessed and data downloaded via the National Centers for
Environmental Information (NCEI) website. The CEI is defined as follows:

“the arithmetic average of the following five of six indicators of the percentage of the
conterminous U.S. area: 1) The sum of (a) percentage of the United States with maximum
temperatures much below normal and (b) percentage of the United States with maximum
temperatures much above normal, 2) The sum of (a) percentage of the United States with
minimum temperatures much below normal and (b) percentage of the United States with
minimum temperatures much above normal, 3) The sum of (a) percentage of the United States in
severe drought (equivalent of the lowest tenth percentile) based on the Palmer Drought Severity

Index (PDSI) and (b) percentage of the United States with severe moisture surplus (equivalent to
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the highest tenth percentile) based on the PDSI, 4) Twice the value of the percentage of the
United States with a much greater than normal proportion of precipitation derived from extreme
(equivalent to the highest tenth percentile) 1-day precipitation events, 5) The sum of (a)
percentage of the United States with a much greater than normal number of days with
precipitation and (b) percentage of the United States with a much greater than normal number of
days without precipitation, and 6) The sum of squares of U.S. landfalling tropical storm and
hurricane wind velocities scaled to the mean of the first five indicators,” (Gleason et al 2008).

Beginning in 2011, NCEI introduced a regional CEI measure (RCEI), which calculates CEI
values for each of the nine Standard U.S. Regions (Northeast, Southeast, Ohio Valley, Upper
Midwest, South, Upper Rockies and Plains, Southwest, Northwest, and West). Two RCEI
indicators included in this preliminary analysis are the 3-month average RCEI value attached to
each respondent for the three months preceding the date of survey administration and the 30-year
anomaly of the average RCEI for that same period. Descriptive statistics for climate extremes
data are reported in Table 4. Geocoded survey responses were matched to the 3-month average
and RCEI anomalies by locating respondents by region and assigning the RCEI metrics to their
case identifiers in the survey data set through a data merge and matching by region.

CUSP data were accessed online using NOAA’s Shoreline Data Explorer. Shoreline
shapefiles were matched to the U.S. Census TIGER/Line® county boundary shapefiles using
ArcMap software. Geolocated CCAM survey responses enabled the identification of survey
respondents who resided in counties that either overlapped or shared boundaries with CUSP
national shoreline data. Using this information, a dichotomous indicator was created for
shoreline county residence. Finally, dummy variables for survey wave were included to control

for potential temporal effects of the month and year in which the surveys were administered.
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Additionally, a CCAM-specific nine-region variable was included to handle the potential for
spatially autocorrelated data and take into account additional geographic variation.
[Table 3 near here]

A mixed effects ordered logistic regression was conducted to assess the effects of
individual characteristics on belief that global warming is affecting the weather (Model 1),
individual characteristics, risk perceptions, and ideology on the DV (Model 2), and the factors in
Model 2 plus place characteristics (Model 3). A mixed effects model was chosen to account for
variation in the potential relationships between place-based climate indicators and the DV in
different parts of the country. Analyses were re-run using a multilevel mixed-effects linear
regression and results remained largely unchanged. The strength of effects decreased slightly, but

significance and directionality were unaffected, suggesting that results are sufficiently robust.

[Table 4 near here]
Results

Respondent socio-demographic characteristics are detailed in Table 2. Median age for
respondents was 54 years of age, with a range of 18 to 94. About half of respondents were male
(50.30%) and half female (49.7%). About seventy-five percent of respondents were white, non-
Hispanic (74.95%), roughly ten percent Hispanic (9.74%), slightly under nine percent black,
non-Hispanic, and less than five percent other, non-Hispanic or two or more races, non-Hispanic.
Slightly more than one-third of respondents had a Bachelor’s degree or higher, while about thirty
percent had some college or an Associate’s degree, about twenty-seven percent had a high school
diploma or equivalent, and about seven percent had less than a high school diploma. Roughly

seventeen percent of respondents had household incomes of $125,000 or more, twelve percent
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between $100,000 and $124,999, fifteen percent between $75,000 and $99,999, nineteen percent
between $50,000 and $74,999, twenty-two percent between $25,000 and $49,999, and fifteen
percent had less than $25,000 in household incomes.

Results from the mixed effects ordered logistic regression are presented in Table 4. Odds
ratios are reported for the ease of interpretation. Odds ratios are relative to 1.0, where a positive
effect is indicated by an odds ratio greater than 1.0 and a negative effect is indicated by an odds
ratio below 1.0. Positive associations refer to the multiplicative effects of a “global warming is
affecting the weather - a lot” response for a single unit increase in the independent variable
versus any other response to the dependent variable, holding other independent variables
constant, whereas negative associations refer to the multiplicative effects on the odds of a
“global warming isn’t happening” response on the other end of the spectrum versus any other
response to the dependent variable. Respondents’ region of residence is set as the second-level
random effect in order to test for spatial variability unaccounted for among the fixed effects and
to handle the potential spatial autocorrelation of place-based indicators in the first level of the

model.

[Table 5 near here]

Among demographic characteristics, respondents’ age, gender, education, and race and
ethnicity were all significantly associated with their beliefs about whether and to what extent
global warming is affecting the weather (Model 2; Table 5). Odds of a “global warming is
affecting the weather a lot” response was higher among older respondents (3.4% increased odds
for a unit increase in age), female respondents (33.8% increased odds for female versus male),

more highly educated respondents (12% increased odds for a unit increase in education),
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Hispanic respondents (60.7% increased odds for Hispanic versus White, non-Hispanic), Black or
African American respondents (22.2% increased odds for Black, non-Hispanic versus White,
non-Hispanic), and non-White, non-Hispanic respondents identifying with another race (33.6%
increased odds for Other, non-Hispanic versus White, non-Hispanic). Interestingly, the effect of
Hispanic ethnicity echoes recent research that indicates Hispanics and Latinx are much more
engaged with the issue of global warming than non-Hispanic/Latinx, have greater climate risk
perceptions, and that their risk perceptions also correspond to higher levels of civic engagement
on the issue (Leiserowitz et al. 2017; Ballew et al. 2019). Moreover, the effects of Black and
other non-White racial identities are also mirrored by past research that has indicated higher
climate change health risk perceptions among racial and ethnic minorities, whom are also
generally more vulnerable to the harms posed by climate change (Akerlof et al. 2015; Harlan et
al. 2015).

After their addition in Model 3, however, worry about global warming and political
ideology were the strongest predictors of beliefs that global warming is affecting the weather and
these variables mediate some of the demographic effects in Model 2 (Table 5). The political
ideology finding is consistent with a rich literature on political orientation, values, and beliefs
and attitudes about global warming (Van Liere and Dunlap 1980; Slovic 1993; Dietz et al 2005;
Leiserowitz 2005; Wood and Vedlitz 2007; Hamilton 2008; Malka et al. 2009; Kahan et al.
2011; Mildenberger et al. 2017). On the other hand, the result that worry about global warming
influences belief that global warming is affecting the weather raises a “chicken-and-egg”
problem (whether worry influences belief that global warming is affecting the weather, or vice
versa), which this research is not able to unpack and investigate further due to the constraints of

the cross-sectional survey design and sampling strategy (but see Myers et al. (2012) for a
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structural equation modeling approach to understanding the “chicken-and-egg” problem of
directional influence between climate change belief, belief certainty, and personal experience
with climate change.

Among the place-level indicators, coastal shoreline county residence significantly
predicted beliefs about the effect of global warming on the weather. The odds of a “global
warming is affecting the weather a lot” response was 14.8% higher among individuals living in
coastal shoreline counties versus all other counties represented in the sample. On the other hand,
neither the 3-month RCEI value nor the 30-year RCEI anomaly had any significant impacts on
beliefs about the effect of global warming on the weather. Therefore, the significant association
of coastal shoreline county residence, net of ideological and sociodemographic factors and actual
climate and weather extremes, suggests that residents of coastal areas believe they are
experiencing the effects of climate- and weather-related phenomena in ways that relate to factors
that are not captured by the sociodemographic and biophysical characteristics included in this
study. However, this effect of coastal shoreline county residence is limited insofar as it does not
provide any context about how specifically coastal shoreline county residents actually experience
the impacts of weather and climate change in their everyday lives.

This finding may indicate that physical proximity to coasts may be an important predictor
of global warming risk perceptions due perhaps to the unique issues facing coastal communities,
such as extreme high winds, storm surges, coastal flooding, and coastal erosion. Identifying the
different perceptions found in coastal versus inland areas is particularly important given the
existing and worsening risks posed by global warming to coastal communities, towns, and cities
across the United States. Interestingly, however, this effect is not moderated by ideological

orientation — the interaction between ideology and coastal shoreline residence was not
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significantly predictive of attribution beliefs. In other words, coastal shoreline residence
influences attribution beliefs about equally across the ideological spectrum (Figure 1). However,
the coastal proximity effect appears to dissipate among those who identify as “somewhat” or
“very” liberal — both coastal shoreline and inland liberals had similarly high mean responses to
the attribution scale.

[Figure 1 here]

Discussion

The combined sociological concepts of place and emergence can provide a useful
framework for understanding how individuals perceive the environment, changes to it, and the
potential risks of environmental hazards. Specifically, individuals’ perceptions of the
environment and environmental hazards or risks may emerge out of a combination of place-
specific contexts and individual characteristics. While the methodological approach and results
of this research cannot address all of the possible place-level factors that influence perceptions
of environmental risks, it is worthy of note for future research that the significant effect of
coastal shoreline residence, net of political-ideological and other sociodemographic factors, may
indicate that coastal communities have experienced the effects of a changing climate. Future
studies should consider mixed method approaches, including qualitative or ethnographic
methods, to better understand all of the place-level factors that contribute to this coastal
proximity effect, including how coastal residents may have already begun to perceive these
impactsand why they are attributing at least some of the changes to global warming.

Several results in this analysis verify the extant literature on the correlates of

environmental beliefs and attitudes. First, political ideology significantly influences perceptions

19



444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

about the link between global warming and the weather. Those who identify as politically liberal
are much more likely to believe that global warming has had an impact on the weather than their
politically conservative counterparts. This is consistent with numerous studies across social
science disciplines and decades of research on beliefs and attitudes about the environment in
general and global warming specifically (Van Liere and Dunlap 1980; Stern and Dietz 1994;
Leiserowitz 2006; Hamilton 2008; Kahan 2012; McCright and Dunlap 2013). This research
extends this established link between political ideology and environmental perceptions by
demonstrating that political-ideological characteristics also relate to how much individuals
attribute global warming to changes in local weather. Interestingly, however, this research also
adds to the literature finding less consistent effects of sociodemographic factors by providing
evidence that older, female, and Hispanic individuals are more likely to link global warming to
changes in local weather patterns, controlling for political ideology. While a “white male
conservative” effect on environmental risk perceptions has been established (Finucane et al.
2000; Flynn et al. 1994; Kahan et al. 2007; Kalof et al. 2002; McCright and Dunlap 2013), this
study adds new insight to research on race, ethnicity, and environmental perceptions by
suggesting that apart from other racial and ethnic groups, Hispanics are much more likely to
perceive a causal link between global warming and local weather (Macias, 2016). Future
research might extend this line of inquiry by investigating how and why Hispanic individuals and
communities seem to be more concerned about the impacts of global warming, particularly with
respect to weather events at the local level.

In addition to these individual-level effects, this study also finds an important association
between place of residence and individual perceptions of the relationship between global

warming and weather. Those living in coastal counties bordering national shorelines are more
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likely than their inland-residing counterparts to attribute changes to local weather to the broader
phenomenon of global warming. This result remains significant even after controlling for strong
individual-level predictors of environmental perceptions such as political ideology. Importantly,
the effect among coastal shoreline residents cannot not be entirely attributed to higher
populations of more politically liberal or left-leaning individuals, since the analysis controls for
political ideology. Individuals living nearest to the coasts may be experiencing global warming
differently or more immediately than inland residents and therefore attribute a larger effect of
global warming on changes to local weather patterns. On the other hand, no significant effect is
observed from the 3-month average RCEI or the 30-year RCEI anomaly on perceptions of the
link between global warming and weather. Past studies utilizing other types of measures of RCEI
were also unable to demonstrate any significant effect of RCEI on beliefs about global warming,
or that any effect fades quickly in the aftermath of extreme weather events (Brulle et al. 2012;
Marquart et al. 2012; Konisky et al. 2016; Lyons et al. 2018). These results indicate either 1) that
RCEI is not the most appropriate measure for assessing local impacts of extreme or unusual
weather and/or 2) that residents of coastal communities bordering shorelines may experience
local climatic changes through factors in their everyday lives not captured by a biophysical
indicator such as RCEI, such as “sunny day flooding,” rapid loss of marshlands, erosion, and
property or infrastructure damage from increased sea level rise and tidal action.

Future research should consider incorporating measures that capture some of these
specific examples of phenomena affect the coasts, but may also consider selecting particular
coastal locations for case studies and more in-depth qualitative work. It may also suggest that
social and economic circumstances particular to coastal communities have a role in increasing

their residents’ risk perceptions surrounding the issue global warming. For instance, coastal
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communities bordering shorelines often host industries and sectors of employment that may be
more vulnerable to the impacts of extreme or unusual weather events, such as tourism,
commercial and recreational fishing, or domestic and international trade. While this research was
not able to unpack these possibilities, future studies might consider more in-depth field work or
ethnographic methods of research to better understand the particular characteristics of coastal
shoreline communities that may play a role in influencing coastal residents’ perceptions of the
risks associated with extreme weather and global warming.

Returning to the sociological concepts of place and emergence, future research should
consider using this combined framework to understand how place-to-place variation in
environmental risk perceptions is formed despite (or perhaps in compliment to) the powerful
influence of individual-level values and political predispositions. For example, individual
ideological and sociodemographic characteristics clearly play a major role in determining
individuals’ beliefs and attitudes about environmental phenomena, but such individual-level
characteristics are embedded in place-specific contexts, such as local sociocultural and political
milieus, economic vitality, infrastructure, or the aesthetics of the natural and/or built
environment, and thus emerge out of the interplay between individuals’ personal characteristics
and the conditions of the larger community. In coastal communities in particular, residents may
have a unique sense of place that is related to the intersection between the aesthetic quality of the
natural environment and the cultural or material quality of the coastal economy.

This sense of place may be augmented, however, by individuals’ relative position in
terms of socioeconomic status, race/ethnicity, or political-ideological orientation, such that these
individual-level, socio-demographic characteristics influence choices to interact in different ways

with the natural and built environments of the coasts. Therefore, research investigating
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513  perceptions of environmental risks should correspondingly assess the potential local-level

514  impacts to vulnerable populations, communities, and economies. One key limitation of this study
515  is that the coastal shoreline county indicator does not itself provide any detailed information

516  about how coastal residents experience global warming and local weather. While it appears that
517  coastal shoreline residence is related to increased perceptions of a causal link between global

518  warming and weather, more research is needed to identify the specific place-based characteristics
519  relevant to coastal residents’ experiences of global warming and extreme or unusual weather.
520  There is enormous diversity and heterogeneity among the places represented within the coastal
521  shoreline county indicator and this research cannot unpack any of the intricacies related to this
522 specific place-to-place variation. Therefore, future research should aim to illuminate the lived
523  experiences of coastal shoreline residents and their communities in the context of a changing

524 climate.
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784  Table 1. Survey Wave Information

Survey wave Sample (unweli\lghte d) Response Rate
April 2013 2,222 1,045 47%
December 2013 3,453 830! 48%
April 2014 3,389 1,384 48%
March 2016 2,459 1,317 55%
November 2016 2,636 1,226 51%
May 2017 2,506 1,266 51%

785 1. In December 2013 the sample was split for experimental design purposes. The sample we retained for these
786 analyses were surveyed using the term “global warming,” which is the standard language used across all CCAM
787 surveys. The other half of the sample were surveyed using the term “climate change” for experimental purposes.
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789

790
791
792

Table 2. Respondent socio-demographics.

Demographic characteristic

Descriptive Statistics

Age

5,286

Mean = 52, Median = 54,
Range = 18-94

Gender

5,286

49.7% Female, 50.3% Male

Race/Ethnicity

5,286

74.95% White, 9.74% Hispanic,
8.91% Black, 3.58% Other,
2.82% Two or more races

Education

5,286

6.87% Less than high school,
26.73% High school/GED,
29.53% Some college/Associate’s,
36.87% Bachelor’s or higher

Income

5,286

< $25k - 14.95%
$25-$49k - 21.6%
$50-74k - 19.32%
$75-99k - 14.68%
$100-124k - 12.32%

$125k or > - 17.14%
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793  Table 3. Independent Variables from CCAM Surveys.

Mean (Standard
Deviation)
Individual-level Characteristics
1 (18-24), 2 (25-34), 3 (35-44), 4 (45-

Variable Range

Age 54), 5 (55-64), 6 (65-74), 7 (65+) 4.22(1.70)
Gender 0 (Male), 1 (Female) 1.50 (0.50)
1 (<high school), 2 (high school), 3
Education (some college), 4 (Bachelor’s or 2.95 (0.95)
higher)
1 (<$25,000), 2 ($25,000-$34,999), 3
($35,000-$49,999) 4 ($50,000-
Household Income $74,999), 5 ($75,000-$99-999), 6 3.38 (1.68)
($100,000+)
1 (White, non-Hispanic), 2
Race/ethnicity (Hispanic), 3 (Black, non-Hispanic), 1.56 (1.12)

4 (Other/Multiracial)
1 (Very conservative), 2 (Somewhat
Ideology conservative), 3 (Moderate), 4 2.87 (1.07)
(Somewhat liberal), 5 (Very liberal)
1 (Not at all worried), 2 (Not very

Worried about GW worried), 3 (Somewhat worried), 4 2.53 (0.966)
(Very worried)
Coastal Shoreline County, Census Division, and CCAM Survey Wave
Coastal Shoreline 0 (non-coastal shor'ehne), 1 (coastal 0.36 (0.43)
County shoreline)

1 (New England), 2 (Mid-Atlantic), 3
(East-North Central), 4 (West-North
Census Division Central), 5 (South Atlantic), 6 (East- N/A
South Central), 7 (West-South
Central), 8 (Mountain), 9 (Pacific)
Six dichotomous indicators for each

Survey Wave wave of participation -

794

5,286

5,286

5,286

5,286

5,286

5,286

5,286

5,286

5,286
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795  Table 4. Climate Extremes Index (CEI) Indicators

. Mean (Standard
Variable Range Deviation)
3-month average CEI 2.42 -66.84 31.62 (16.67)
30-year CEI anomaly -15.8 —47.64 12.101 (17.15)

796

5,247

5,247

39



797  Table 5: Weighted Mixed Effects Ordered Logistic Regression of “Global Warming Affecting the Weather” on Individual- and Place-

798  level Factors
799

Independent Variables
Individual characteristics
Age
Gender (Female)
Education
Household Income
Hispanic
Black, non-Hispanic
Other, non-Hispanic
Multiracial, non-Hispanic
Worried about GW
Ideology
Survey Wave
Place characteristics
Coastal Shoreline County
3-month RCEI
30-year RCEI anomaly
Random Intercept

Census Division
N
Wald chi?

+-p<0.1 *-p<.05, **-p<.01, ***-p<.001

800

Model 1
Odds Ratio (95% conf.)

1.035%* (1.006 - 1.065)
1.336%%* (1212 - 1.472)
1.127%%* (1.068 - 1.190)
986 (.954 - 1.018)
1.656*** (1.422 - 1.928)
1.293%** (1.105 - 1.513)
1.415%** (1.153 - 1.736)
1.031 (.668 - 1.590)

NS

Std. Dev. (95% conf.)
.025%** (L.007 - .088)
5,286
104.15%**

Model 2
Odds Ratio (95% conf.)

1.034* (1.005 - 1.064)
1.338%** (1.214 - 1.475)
1.120%** (1.062 - 1.183)

983 (.952 - 1.015)
1.607*** (1.378 - 1.873)

1.222%% (1.042 - 1.432)

1.336%* (1.086 - 1.644)
984 (.632 - 1.532)

NS

1.324%%% (1,184 - 1.482)
950 (.909 - .993)
1.053 (1.007 - 1.100)

Std. Dev. (95% conf.)
.010** (.002 - .057)
5,247
132.81%**

Model 3
Odds Ratio (95% conf.)

1.110%** (1.077 - 1.144)
1.158* (1.045 - 1.283
979 (.925 - 1.037)
983 (.950 - 1.017)
1.144 (973 - 1.344)
1.060 (.894 - 1.258)
942 (757 - 1.173)
864 (.545 - 1.370)
4.923%%* (4,575 - 5.297)
1.504%** (1,421 - 1.592)
NS

1.148%* (1.027 - 1.284)
979 (.939 — 1.023)
1.022 (.980 — 1.022)

Std. Dev. (95% conf.)
.003+ (.000 - .044)
5,247
2,559.44%**
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804

Figure 1. Mean Scale Responses to “Global Warming Affecting the Weather” by Ideological
Orientation and Coastal Shoreline versus Inland Residence
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