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Objective. To explore the effects of long-term climate trends and short-term weather fluctuations,
evaluations of scientists and science, political predispositions, religious affiliation, the information
environment, and demographic attributes on individuals’ views about whether global warming
exists and, if so, whether it is a result of natural cycles or human activity. Methods. We use data from
the 2009 Pew General Public Science Survey, along with data on long- and short-term patterns of
temperature and precipitation in individuals’ home communities. Results. We find that long-term
trends in summer temperatures influence perceptions of global warming. Individuals who reside in
communities with long-term warming of summer temperatures that are coupled with long-term
cooling of spring temperatures are significantly more likely to perceive that global warming exists
and is due to human activity. We also find that Americans’ attitudes toward scientists and science,
political dispositions, evangelical religious affiliation, education, and some demographic attributes
all have discernible effects on their perceptions of anthropogenic (man-made) global warming.
Conclusion. Individuals’ attitudes toward global warming are influenced by long-term temperature
trends in their home communities, as well as a variety of attitudinal and demographic attributes.

There are few topics in American politics today that generate as much controversy as
the subject of global warming and climate change.1 Americans are sharply divided on this
issue. For many Americans, global warming is very real and the result of human activity,
and climate change has the potential of generating catastrophic conditions of global
proportions. For these Americans, a state of alarm is fully warranted, and complex effects
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1We note at the outset that we use the terms “climate change” and “global warming” interchangeably
throughout the article. Many observers prefer the term “climate change,” though survey data used in this article
are based on survey questions that refer to “global warming.” Further, we note the different definitions of
“weather” and “climate.” By “weather,” we mean patterns of temperature, precipitation, and other atmospheric
conditions that occur in the short term (i.e., today, over the past few days, or over the past week) at a location
or in a specific geographic area. By “climate,” we refer to general, longer-term patterns (i.e., over months or
years) of weather that characterize a location or geographic area.

SOCIAL SCIENCE QUARTERLY
C© 2016 by the Southwestern Social Science Association
DOI: 10.1111/ssqu.12317



2 Social Science Quarterly

of rising temperatures call for immediate attention and action by both policymakers and
the mass public. For other Americans, global warming and climate change is merely “real,”
insofar as there is some evidence that something is going on with the global climate but
also enough uncertainty about the causes of this phenomenon (or even whether it exists)
that a state of crisis and alarm is not warranted. For these Americans, humankind is not
a major player in climate change, any changes in global climate are due largely to natural
cycles that are beyond the control of humankind, and in any event there is little that
society can do to affect major changes in the world’s climate. Still other Americans deny
that climate change exists at all. For these Americans, concerns about global warming are
not only unwarranted but rather represent a hyperbolic overreaction by environmental
extremists, the scientific community, and the mass media.

The disagreement about climate change in the mass public stands in contrast to the
consensus in the international scientific community about both the warming of global
temperatures and the view that global warming is due to the cumulative effect of human
activity over the past two centuries; indeed, almost 90 percent of scientists attribute climate
change to human activity (Funk, Rainie, and Page, 2015). How can the views of the
mass public and the views of the scientific community be so out of sync? It is likely
that Americans’ perceptions of climate change and its causes, as well as attitudes toward
policies designed to alleviate climate change in the long run, are the result of a confluence of
factors, including political attitudes, trust in scientist and science, specific knowledge about
climate change, exposure to information about climate change in the media and from other
sources, and individuals’ own experiences with local weather and climate patterns. Some
of these factors—especially political dispositions, attitudes toward science and scientists,
and knowledge about climate change—may contribute to a distribution of opinion about
climate change within the mass public that differs in stark terms from the consensus of
opinion within the scientific community. (See Appendix A for a brief discussion of the
scientific consensus on climate change and differences in perceptions by the mass public.)

In this article, we explore the role of local weather fluctuations and climate trends,
science beliefs, and other social and cognitive predictors in shaping perceptions about
climate change. For instance, does local weather and climate help to understand why some
Americans are convinced that global warming is a major problem confronting the planet,
while still other Americans are either ambivalent or deny its existence? Recently, other
scholars, using a variety of models and data sets, have explored such questions (cf. Egan
and Mullin, 2012; Hamilton and Keim, 2009; Hamilton and Stampone, 2013; Kellstedt,
Zahran, and Vedlitz, 2008; Lorenzoni and Pidgeon, 2006; Shao et al., 2014). We build on
this body of research by considering the effects of a wide range of predictor variables, but we
focus particular attention on the effects of long- and short-term patterns of local weather
and climate, as well the role of beliefs about science and scientists. We find that both positive
attitudes toward science and scientists, as well as long-term seasonal temperature trends in
individuals’ local environments, have a discernible effect on how Americans perceive global
warming and its causes.

Previous Research on Mass Attitudes and Perceptions About Climate Change

What explains variation in individuals’ attitudes toward and perceptions of global warm-
ing and climate change? Previous studies have identified several theoretical clusters of
variables as determinants of public opinion toward global warming: (1) geographic and en-
vironmental context, (2) attitudes toward scientists and science, (3) political predispositions
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and attitudinal variables, (4) the information environment, (5) religious beliefs and attach-
ments, and (6) socioeconomic and demographic characteristics.

Geographic and Environmental Context. That weather could affect how individuals
think about climate change makes some sense. The role of local weather has a storied history
in studies of American electoral behavior, with the conventional wisdom that bad weather
on Election Day decreases voter turnout and favors Republicans in American elections
finding considerable empirical support (Gomez, Hansford, and Krause, 2007). Regarding
public perception of global warming, the effect of local weather has been estimated in
several studies. Personal observation of local weather (Borick and Rabe, 2010; Krosnick
et al., 2006; Myers et al., 2013), short-term weather fluctuations (Egan and Mullin, 2012;
Hamilton and Stampone, 2013; Howe et al., 2013), and long-term temperature trends
(Hamilton and Keim, 2009; Shao et al., 2014) have all been found to have significant
effects on public perception of global warming. Further, Hamilton and Stampone (2013)
and Egan and Mullin (2012) find evidence that the effects of local short-term weather
fluctuations on perceptions of global warming vary systematically by partisanship and
ideology. It appears that local weather plays a role in shaping individuals’ attitudes toward
and perceptions of global warming.

Attitudes Toward Scientists and Science. The scientific community has been the
primary advocate for the view that climate change is occurring and that it is the result of
human activity, so it would not be surprising that how Americans think about scientists and
science would affect their views of climate change. Indeed, Malka, Krosnick, and Langer
(2009) find that trust in scientists has a powerful effect on the conversion of knowledge
about global warming into perceptions of how serious climate change is as a problem. On
the other hand, Kellstedt, Zahran, and Vedlitz (2008) find that confidence in science is
negatively related to concern with climate change; they suggest that this reflects confidence
that scientists will be able to come up with workable solutions for dealing with climate
change.

Political Predispositions and Attitudinal Variables. How individuals think about
politics also influences how they think about global warming. The perception that global
warming exists and is due to human activity leads many observers to the inexorable
conclusion that effective government regulation of the emission of greenhouse gases is
necessary. For many, this means a substantial involvement of government in the regulation
of individuals and the economy, such as the adoption of a carbon tax or cap and trade
policies. Hence, individuals who are skeptical of governmental power and who favor
individualism over collective action would be less likely to perceive that global warming
is a problem and to support government action to combat global warming. In contrast to
liberals, conservatives tend to favor individual freedom in the economic sphere and private
property rights over collective rights, as well as free market over governmental intervention,
so we would expect conservatives to be more skeptical than liberals of anthropogenic global
warming. In previous research scholars have found that Republicans and conservatives are
more likely to be skeptical of anthropogenic global warming than Democrats and liberals,
and therefore these groups show lower levels of concern about global warming (Shao et al.,
2014; McCright and Dunlap, 2011b; Malka, Krosnick, and Langer, 2009; Dunlap and
McCright, 2008; Pew Research Center, 2006, 2007; Gallup, 2008). Moreover, education
has been found to have different effects on risk perception of global warming among
Democrats and Republicans. While concern about global warming has been found to
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increase with the level of education among Democrats or liberals, these concerns decrease or
are invariant with the level of education among Republicans or conservatives (McCright and
Dunlap, 2011b; Hamilton and Keim, 2009; Hamilton, 2008, 2011, 2012; Pew Research
Center, 2007). It would appear that partisanship has a direct effect on attitudes toward
global warming, but partisanship also serves to filter information about global warming.

Information Environment. Because the scale of global warming transcends personal
experience, public understanding of this phenomenon is reliant on a variety of information
sources. The role of the media has drawn particular attention in the scholarly literature.
Indeed, the mass media’s pursuit of “balance” by employing “dueling scientists” to cover
both sides has helped to maintain the public impression of broad scientific disagreement
about the reality of global warming (Boykoff, 2008; Boykoff and Boykoff, 2004; Dunlap,
1998). Moreover, previous studies produce confusing results about the effect of attention
on public perception of global warming; Kellstedt, Zahran, and Vedlitz (2008) find that
the level of information about global warming is negatively associated with concern about
this issue, while Wood and Vedlitz (2007) find that respondents who are more attentive to
global warming have higher level of concern about this issue. Trust in these information
sources also comes into play as an important moderating force (Malka, Krosnick, and
Langer, 2009). Krosnick et al. (2006) find that television exposure is positively associated
with belief in the existence of global warming only among individuals who have high
level of education and show more trust in scientists. Finally, education has usually been
hypothesized to be positively associated with environmental concern, but empirical tests
have generated mixed results. Arguably, individuals with high levels of education are better
informed about environmental matters and are more sensitive to perceptions of risk than
others. Hamilton (2008, 2011, 2012) provides support for this hypothesis, showing that
higher levels of education are associated with greater concern or belief in the reality of climate
change. Egan and Mullen (2012) find that individuals who have completed postgraduate
work are more likely to perceive that there is “solid evidence” of global warming.

Religious Beliefs and Attachments. The role of religion in shaping Americans’ attitudes
toward climate change has drawn some scholarly attention in recent years. The argument
is that the teachings of many religions stress the role of stewardship in describing the rela-
tionship between human society and nature. Jones, Cox, and Navarro-Rivera (2015) doc-
ument basic differences in concern about climate change across religious affiliations, with
white evangelical Christians (35 percent) exhibiting the lowest level of concern, followed by
white Catholics (41 percent) and mainline Protestants (43 percent) as groups with less than
50 percent of adherents saying that they are “very concerned” or “somewhat concerned.”
For other religious affiliations, a majority of adherents express some level of concern
with climate change: Jews (53 percent), the non-Christian religious (56 percent), black
Protestants (58 percent), the religious unaffiliated (60 percent), and Hispanic Catholics
(73 percent). The finding that American evangelicals are less concerned by climate change is
reinforced by Smith and Leiserowitz (2013). Moreover, scholars have explored evidence for
the “greening of Christianity” (Van Dyke et al., 1996; Wilkinson, 2010, 2012; Clements,
McCright, and Xiao, 2014). The study of the role of religion in influencing attitudes
toward climate change is likely to develop further as debates about Pope Francis’s recent
climate change encyclical are played out in the near future.

Socioeconomic and Demographic Characteristics. Numerous scholars have explored
the effects of socioeconomic and demographic factors on public perceptions of and attitudes
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toward climate change (cf. Brody et al., 2008; Dietz, Dan, and Shwom, 2007; Dunlap
and McCright, 2008; Hamilton and Keim, 2009; Hamilton, 2012; Krosnick et al., 2006;
Leiserowitz, 2006; Shao et al., 2014). First, the effects of race and gender appear to be
relatively stable across studies of public perception and attitudes relating to global warming.
Racial minorities and women are typically found to have higher levels of public concern
about climate change (Leiserowitz, 2006; Malka, Krosnick, and Langer, 2009; McCright
and Dunlap, 2011b; Shao et al., 2014). Second, the effect of age on public attitudes toward
global warming is usually found to be negative, indicating that older individuals tend to
show lower levels of concern for global warming (Hamilton, 2012; Hamilton et al., 2012;
Kellstedt et al., 2008; Krosnick et al., 2006; Malka, Krosnick, and Langer, 2009; McCright
and Dunlap, 2011b; Shao et al., 2014). Third, income and other variables relating to social
class have been hypothesized to be negatively related to attitudes toward global warming.
This may well be due to the high costs likely to be borne by individuals with high incomes
should policies designed to combat global warming be adopted. In previous research income
has a negative effect on public risk perceptions of climate change (Hamilton and Keim,
2009; Shao et al., 2014) and concern for this issue (McCright and Dunlap, 2011b), though
Hamilton (2008) shows that higher levels of income are associated with greater concern
for some impacts of global warming.

Data and Methods

We investigate the effects of geographic and environmental context, attitudes toward
scientists and science, political predispositions and attitudinal variables, the information
environment, religious beliefs and attachments, and socioeconomic and demographic char-
acteristics on individuals’ perceptions of global warming. Our strategy is to combine survey
data with aggregate weather and climate data linked to the geographic areas within which
survey respondents reside. In order to explore the determinants of individuals’ perceptions
of global warming, we rely on data from the 2009 Pew Research Center for the People
and the Press General Public Science Survey, conducted nationally from April 28 to May
12, 2009 for a representative sample of 2,001 individuals aged 18 or above (Pew Research
Center, 2009). This survey includes a rich set of variables, including items that specifically
ask respondents’ about their perceptions of global warming. The survey also asked respon-
dents a series of questions that permit us to measure key independent variables. Moreover,
the geographic information collected at the zip-code level permits us to identify the geo-
graphic context within which each respondent resides so that we can merge local weather
data with survey data. (For more detail on how we merge survey and contextual data, see
Appendix B.)

What are the components of our model of individuals’ perceptions of global warming?
We discuss here the independent variables used in our model of public opinion toward
global warming. A brief summary of the variables used in this analysis and their coding can
be found in Appendix Table B1, and descriptive statistics for these variables are presented
in Appendix Table B2.

Dependent Variable

The dependent variable in our models is based on responses to the following question
asked in the 2009 Pew General Public Science Survey: “Which of these three statements
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about the earth’s temperature comes closest to your view?” This variable is coded 0 for
those who respond that “the earth is not getting warmer,” 1 for those who respond
that “the earth is getting warmer mostly because of natural changes in the atmosphere,”
and 2 for respondents who indicate that “the earth is getting warmer mostly because of
human activity such as burning fossil fuels.” Among these three views on global warming,
87.5 percent of respondents believe in either natural or anthropogenic global warming,
while only 12.5 percent do not believe global warming is occurring. This suggests that the
large majority of the public accepts that global warming is a reality. Among those who believe
that global warming is taking place, whether global warming is mainly anthropogenic or
natural is hotly debated. Indeed, 37.2 percent of respondents believe that the earth is
warming mainly because of a naturally occurring cycle, while 50.3 percent believe that
the earth is warming mainly because of human activities. Only about 50 percent of the
public accepts the scientific consensus that global warming is occurring and is the result
of processes influenced by human activity. A detailed justification for this measure can be
found in Appendix C.

Independent Variables

Local Weather and Climate. We consider the effects of local weather and climate on
individuals’ perceptions of the existence of global warming and that global warming is
attributed to human activity. One of the problems with studying the effects of objective
weather and climate on perceptions of climate change is in determining the proper time
horizon for considering these effects. There are plenty of data on weather conditions
at the local level and over extensive time periods, but it is unclear at which temporal
level weather influences how individuals perceive their local climate. What makes the
strongest impression in the minds of individuals as they consider local weather and climate
conditions? Are individuals influenced by weather patterns in the short term—that is, in
the past few days or weeks? Are individuals more likely to perceive that climate change is
occurring if temperatures in the past few days are unseasonably warm? Alternatively, are
individuals aware of long-term climate trends in the local environments—say, over the past
10 or 20 years—and do these trends affect how they think about climate change? Or do
individuals consider and take notice of comparisons in weather or climate patterns across
seasons—for instance, from cold winters or springs to warm summers? Do unseasonably
cold and warm seasons draw the attention of individuals in their thinking about climate
change?

Different scholars use different time horizons in estimating the effects of weather and
climate on perceptions of climate change, but to date there are no firm theoretical reasons
presented in the literature to favor one time horizon over another. We suggest that there
are two temporal attributes of information and personal experiences that may underlie
the effects of weather and climate on individuals’ perceptions of climate change. The first
is temporal proximity—that is, the degree to which individuals have experienced or been
exposed to information about notable weather patterns in the recent past. With all else
equal, human memory favors proximate events over those that are in the distant past, so one
might expect recent weather events or patterns to be more easily and accurately retrieved
from memory and hence play a bigger role in shaping individuals’ perceptions of climate
change. For instance, individuals who experience unseasonably warm temperatures over
the past few days are much more likely to remember those temperatures and that they are
unusually high than if they experienced unusually warm temperatures for a single week
10 or 20 years ago.
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The second temporal attribute of information and personal experiences that might relate
to perceptions of climate change is long-term temporal consistency. When members of the
scientific community discuss climate change or global warming, they are not talking about
temperature deviations that have been observed over the period of a few days or weeks.
Rather, scientific discussions of climate change focus on long-term patterns of temperature,
precipitation, and other weather events. Hence short-term weather fluctuations are not
evidence of climate change. When individuals experience short-run climate patterns in their
local environments that deviate from long-term patterns, they integrate these experiences
into their short-term memory, but when climate patterns return to normal, the unusual
experiences eventually are either forgotten or are else more difficult to retrieve from memory.
However, when these short-term deviations from the previous normal pattern are repeated
over an extended time period, individuals’ experiences (and resulting memories) of unusual
local climate patterns begin to accumulate, and over the long run individuals begin to realize
that the change in weather patterns may actually represent a change in long-term climate.
We suggest that individuals who reside in geographic localities that experience long-term,
consistent patterns of climate change (i.e., those that are consistent with scientific evidence
of global warming) will be more likely to perceive local climate change and attribute these
long-term climate shifts to global climate change. On the other hand, individuals who
reside in localities that experience stable climate patterns over time will have little in their
collection of personal experiences to support assertions of global climate change.

In order to explore the effects of weather and climate patterns on perceptions of global
warming, it is necessary to measure local weather and climate variables in a way that
captures different time horizons through which weather and climate could influence in-
dividuals’ thinking about climate change. We begin by creating four seasonal temperature
and four seasonal precipitation trends using data from the U.S. Historical Climate Net-
work (USHCN). These trends are measured for the winter (December, January, February),
spring (March, April, May), summer (June, July, August), and fall (September, October,
November) and are based on the mean seasonal temperatures for each year. These trend
variables are calculated using data over the past 10 years prior to the survey date.2 Consid-
ering that the survey was conducted from April 28–May 12, 2009, for winter and spring
we calculate temperature and precipitation trends from 2000 to 2009, while for summer
and fall, we calculate trends from 1999 to 2008 to capture the long-term climate trends
in each respondent’s immediate environment. Specifically, we regress the average seasonal
temperature or precipitation for a particular season on year, and we use the unstandardized
bivariate regression coefficient to represent seasonal trends.

Our hypotheses relating to these long-term local temperature indicators are quite simple,
insofar as we suggest that positive trends in temperatures for each season are positively
associated with public perceptions of global warming. We speculate that individuals who
experience rising seasonal temperatures in their home communities over the past 10 years
are more likely to believe that global warming is occurring and mainly human induced.3

For our precipitation trend variables, the hypothesized directions are less clear, so we test

2We also create variables that measure seasonal temperature trends over the past 40, 30, 20, 10, and 5 years.
Our results suggest that seasonal temperature trends over the past 10 years yield the strongest empirical results.
The results indicate that individuals are most responsive to 10-year trends than long-term trends for other
durations.

3There is some evidence that winter and summer temperatures are particularly relevant as determinants
of individuals’ perceptions of global warming. As noted in Hamilton and Keim (2009), warming winter
temperatures in snow country are associated with public perceptions of global warming. This suggests that
individuals who experience rising winter temperatures in their home communities over the past 10 years are
more likely to believe that global warming is occurring and mainly human induced. On the other hand, in
warmer parts of the country summer may be the season in which people are most aware of rising temperatures
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the coefficients for these variables using statistical criteria associated with nondirectional
hypotheses.

In addition, we capture short-term weather fluctuations by including two weather mea-
sures: (1) average temperature departure from normal temperature during April 2009,
which is the month prior to the survey dates, and (2) average precipitation departure from
normal precipitation, also during April 2009.4 To account for relative weather fluctuation
in different regions, these departures are normalized (i.e., measured in standard deviation
units).

Attitudes Toward Scientists and Science. We suggest that the attitudes toward scien-
tists can have important effects on individuals’ perceptions of global warming. Individuals
who have positive views toward scientists and who perceive that there is a scientific con-
sensus about global warming are more likely than others to perceive that global warming is
a problem. To capture these effects, we include three independent variables in our models.
First, we measure individuals’ general evaluations of scientists’ contributions to society,
coded from 0 (nothing at all) to 3 (a lot). We hypothesize that this variable is positively
associated with the dependent variable, indicating that those with positive views about
scientific contributions are more likely to perceive that global warming is taking place and
that it is caused by human activity. Second, scientists’ ideology reflects respondents’ percep-
tions of the ideological position of scientists and is measured as a three-point scale ranging
from −1 (scientists are liberal) to 1 (scientists are conservative). Because perceptions of
global warming are perceived to involve an environmentalist or liberal worldview, some
critics perceive that global warming is exaggerated (at best) or manufactured (at worst) by
liberal scientists to force environmental action on the American political system. Given
this, we hypothesize that the coefficient for this variable will be positive, indicating that
individuals who perceive that scientists are conservative (liberal) will be more (less) likely
to perceive the existence and severity of global warming. Third, we speculate that people
who believe there is a consensus on global warming among scientists would be more likely
to accept global warming and the argument that global warming is mainly caused by human
activity. This variable is coded 1 for those who perceive that “scientists generally agree that
the earth is getting warmer” and 0 for those who disagree. The coefficient for this variable
is expected to be positive.

We also include two items from the Pew Science Survey that capture the attitudes of
the mass public toward science in general. The first variable represents the degree to which
individuals perceive that scientists have a positive effect on American life. This variable
is a scale derived from a factor analysis of three items: (1) science effects on society,
which is coded as a three-point scale, ranging from −1 (mostly negative) to 1 (mostly
positive); (2) science effects on life, which is coded as a three-point scale ranging from −1
(science makes life more difficult) to 1 (science makes life easier); and (3) science effects
on the environment, which is also a three-point scale ranging from −1 (mostly negative)
to 1 (mostly positive). All three items load on one factor (eigenvalue = 1.513; variance

because of the greater discomfort from summer heat and the need for more air conditioning. This suggests
that individuals who experience increasingly hot summers in their local communities over the past decade are
more likely to perceive global warming and tend to attribute global warming to anthropogenic causes.

4It is important to note that our measure of “short-term” temperature and precipitation fluctuations are
different than those reported in the literature, most notably in the work of Egan and Mullin (2012) and
Hamilton and Stampone (2013). In both of these works, the authors use daily data to create a measure of
short-term temperature and/or precipitation in the week (Egan and Mullin) or two-day period prior to or
including the survey interview. Our “short-term” measure captures temperature and precipitation fluctuations
over the longer time period of a single month.
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explained = 0.504). We speculate that people who perceive that science has positive effects
will be more likely to believe that global warming is occurring and/or is a result of human
activity. A second indicator of individuals’ attitudes toward science represents whether
respondents perceive that government investments in basic scientific research usually pay
off in the long run; this variable is coded 1 for those who agree that government investments
in scientific research pay off, and 0 otherwise. We hypothesize that greater confidence in
scientific research promotes individuals’ beliefs in anthropogenic global warming.

Political Predispositions. We include two political attitudinal variables in our models,
partisan identification and ideology, both of which have been shown to be important pre-
dictors of perception of global warming. We measure partisan identification by combining
two items from the Pew Survey—one measuring the direction of partisanship, and the
other measuring the degree to which professed independents lean toward one party or the
other. The result is a partisanship variable that is measured on a five-point scale, ranging
from 0 (Democrat) to 4 (Republican). Moreover, we measure respondents’ self-reported
ideology based on a five-point scale, ranging from 0 (very liberal) to 4 (very conservative).
We hypothesize that people who are conservative and are Republicans are more likely to
be skeptical of anthropogenic global warming and global warming more generally. Finally,
because previous studies have shown that partisanship interacts with education to generate
variation in perceptions of global warming (McCright and Dunlap, 2011b; Hamilton,
2011, 2012; Hamilton and Keim, 2009), we include an interaction variable for partisan
identification and education in our models. We hypothesize that in our interaction models
the (noninteraction) coefficients for education will be positive, indicating the effects of this
variable for Democratic partisans (i.e., for whom partisan identification is equal to 0). The
coefficients for our interaction variable are expected to be negative, indicating that as indi-
viduals become more Republican the effect of education on perceptions of global warming
becomes less positive and, for the strongest Republican partisans, possibly negative.

Information Environment. The issue of global warming is complex, and individuals’
perceptions on this issue will be at least partly a function of the information to which they
are exposed. Individuals who are knowledgeable about public affairs and science, as well as
individuals who are exposed to information about global warming, should be more likely
to perceive that global warming exists and/or is a result of human activity.

Any study of the effects of the information environment on perceptions of global warming
should start with education. We measure education on a seven-point scale, ranging from 0
(respondent has completed eight grades or less and no diploma) to 6 (respondent has earned
a postgraduate degree). We hypothesize that individuals with higher levels of education
are more likely to perceive global warming and to attribute it to human activity. Hence,
the coefficient for this variable should be positive though, as noted, this effect may be
moderated by partisanship.

Second, we use a survey item that specifically measures respondents’ knowledge about
global warming by asking respondents about this basic scientific fact: “What gas do most
scientists believe causes temperatures in the atmosphere to rise?” We code this variable 1 for
respondents who provide the correct answer (i.e., carbon dioxide), and 0 for other respon-
dents. We hypothesize that individuals with sufficient knowledge about global warming
that they are able to correctly recall the correct answer are more likely to accept both global
warming (in general) and anthropogenic global warming.

Third, we consider the effects of media use, suggesting that individuals who are heavy
media users may be either more or less likely to perceive global warming as a matter of
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concern. We measure both general media use and attention to science news on four-point
scales, with each ranging from 0 (not at all enjoy keeping up with news) to 3 (enjoy
keeping up with news a lot). The third variable, which we denote as “scientific media
use,” is based on a factor analysis of three items: (1) “Do you regularly watch television
programs or channels about science such as Nova or Discovery Channel, or not?” (2) “Do
you regularly visit science web sites and blogs, such as NOAA.gov or ScienceDaily.com, or
not?” (3) “And do you regularly read science magazines, such as Popular Science or Scientific
American, or not?” All three of these variables are binary variables, coded 1 (regularly)
and 0 (not regularly). We find that these items load on a single dimension (eigenvalue =
1.418, variance explained = 0.473). Because there is some dispute in the literature about
the direction of the effects of media use, we employ a two-tailed test in evaluating the
coefficients for these media variables.

Religious Beliefs and Attachments. In order to capture the possible effects of reli-
gion, we include in our models a series of dichotomous variables representing each of
the following religious groups: (1) white evangelical Protestants, (2) black Protestants,
(3) mainline Protestants, (4) Catholics, (5) other Christian, (6) Jewish, (7) Mormon,
(8) other religion, and (9) secular. Each of these variables is coded 1 for respondents who
are members of the specific religious group, and 0 otherwise. Following previous research,
we hypothesize that white evangelicals will be the least likely to perceive that climate change
is occurring and/or is due to human activity, so this is the excluded (contrast) group in our
models. Hence, we hypothesize that the coefficients for the other religious group variables
will be positive. Moreover, we include in our model a measure of respondents’ frequency of
religious service attendance, which reflects the possibility that individuals will be exposed
to alternative information sources that may downplay the certainty of science. This variable
is measured on a scale ranging from 0 (never attend services) to 5 (more than once a week).
The frequency of attending religious services has been shown to have a negative effect on the
perception of local effects from climate change (Hamilton and Keim, 2009; McCright and
Dunlap, 2011b). Hence, we posit that individuals who attend religious services more often
are less likely to believe in anthropogenic global warming or global warming in general.

Demographic Characteristics. These variables serve as control variables in our models.
First, we posit that individuals’ perceptions of global warming are shaped by race and
gender. In previous studies scholars have shown that racial minorities and women are
more sensitive to and concerned about risks due to their vulnerabilities. Given this, we
create two separate binary variables to represent race (1 = white; 0 = other) and gender
(1 = women; 0 = men). We hypothesize that the coefficients for race in our various models
are negative, while the coefficients for gender are positive. Second, we include income and
age in our models. We measure income on a scale ranging from 1 (respondent earned less
than $10,000) to 9 (respondent earned $150,000 or more). We hypothesize that there will
be a negative relationship between income and perceptions of global warming. We also
measure respondents’ age in years, ranging from 18 to 95 years. As suggested by previous
research, we speculate that older people are less likely to believe in global warming and to
perceive that global warming is due to human activity.

Empirical Results

As a starting point, in Model (1) of Table 1, we report estimates for our model of
individuals’ perceptions of global warming to include individual-level attributes but without
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TABLE 1

Ordered Logit Estimates for Models of Perceptions About Global Warming, as a Function
of Attitudes, Politics, Information, Demographics, and Climate

Model (1) Model (2)

Variable b z b z

Climate: 10-year temperature trends
Winter [+] – – −0.027 −0.75
Spring [+] – – −0.159 −1.88
Summer [+] – – 0.123 1.74∗

Fall [+] – – 0.074 0.93
Climate: 10-year precipitation trends

Winter [+/−] – – −0.002 −0.31
Spring [+/−] – – 0.006 1.02
Summer [+/−] – – 0.001 0.11
Fall [+/−] – – −0.006 −0.75

Weather: short-term fluctuation
Departure from normal temperature [+] – – 0.040 0.26
Departure from normal precipitation [+/−] – – −0.124 −1.47

Attitudes toward scientists and science
Scientists’ contributions [+] 0.337 2.71∗∗∗ 0.309 2.12∗

Scientists’ ideology [+] 0.259 2.12∗ 0.267 2.03∗

Scientists’ consensus [+] 1.577 11.37∗∗∗ 1.586 11.28∗∗∗

Science effects [+] −0.051 −0.68 −0.050 −0.55
Investment in science [+] 0.721 4.22∗∗∗ 0.790 4.08∗∗∗

Political predispositions
Liberal–conservative ideology [−] −0.283 −3.46∗∗∗ −0.298 −3.46∗∗∗

Partisan identification [−] −0.045 −0.36 −0.029 −0.24
Education [+] 0.257 3.98∗∗∗ 0.244 3.92∗∗∗

Partisan identification ∗education [−] −0.062 −2.50∗∗ −0.064 −2.69∗∗

Religion variables
Black Protestant [+] −0.438 −1.23 −0.470 −1.22
Mainline Protestant [+] 0.769 3.38∗∗∗ 0.749 2.97∗∗

Catholic [+] 0.168 0.86 0.185 0.85
Other Christian [+] 0.152 0.56 0.154 0.54
Jewish [+] 1.122 1.80∗ 1.094 2.24∗

Mormon [+/−] 1.218 2.09∗ 0.770 1.07
Other religion [+/−] 0.568 1.20 0.463 1.00
Secular [+] 0.153 0.62 0.159 0.56
Church attendance [−] −0.025 −0.48 −0.005 −0.09

Information environment
Scientific knowledge [+] 0.211 1.36 0.216 1.22
Church attendance [−] −0.025 −0.48 −0.005 −0.09
General media use [+/−] 0.003 0.04 0.010 0.12
Scientific media use [+/−] −0.032 −0.48 −0.038 −0.59

Demographic attributes
Age [−] −0.009 −2.17∗ −0.010 −2.22∗

Gender [+] 0.295 2.12∗ 0.283 1.90∗

Income [−] −0.061 −1.83∗ −0.060 −1.72∗

White [−] −0.296 −1.28 −0.337 −1.19
N 1,161 1,143
Pseudo R2 0.226 0.233
Wald χ2 500.31 439.58
Probability (χ2) 0.0000 0.0000

∗∗∗Probability < 0.001 (one-tail test); ∗∗probability < 0.01 (one-tail test); ∗probability < 0.05 (one-tail test).
NOTE: z statistics in Model (2) are based on standard errors estimated with clustering by weather station.
The constant terms are omitted from the table for the sake of brevity.
DATA SOURCE: 2009 Pew General Public Science Survey.
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our measures of climate and weather. In Model (2), we add the contextual climate variables
to the model. Both models perform well in general terms; the pseudo-R2 values in the
models are 0.226 and 0.233, respectively, and the Wald χ2 statistics are highly significant,
indicating that the models do a much better job at predicting individuals’ perceptions of
global warming than what one would expect by chance.5 We focus our attention on the
results from Model (2) and include the results from Model (1) for purposes of comparison.

Long- and Short-Term Climate and Weather Effects

We begin by considering the effects of long- and short-term climate and weather effects.
In Model (2) of Table 2, we report the results for a model that permits us to explore the
effects of various climate and weather variables on perceptions of global warming. Here,
our analytical strategy is to add to our core model a series of variables that capture long-
term (10-year) trends in temperature and precipitation in our survey respondents’ local
communities for each of the four seasons, as well as short-term fluctuations in weather
patterns. As one can see from a comparison of the results from Models (1) and (2), there is
little difference in the magnitude and significance of the coefficients for the variables from
our core model.

The effects of 10-year climate trends and short-term weather deviations are generally
quite modest. First, none of the coefficients for the variables representing 10-year seasonal
precipitation trends are statistically significant; simply, upward or downward trends in pre-
cipitation over the past 10 years are unrelated to how individuals perceive global warming.
It would appear that precipitation trends in individuals’ local communities are not a major
consideration as they are developing their perceptions of anthropogenic global warming.
Second, short-term departures from normal temperatures and normal precipitation (i.e.,
departures over the month prior to the survey dates) are also unrelated to the dependent
variable. While two other studies (Egan and Mullin, 2012; Hamilton and Stampone, 2013)
report short-term temperature effects on climate change beliefs, we do not see such effects
in these data. Our findings are not necessarily incompatible with those of these other
scholars, since our measure of “short-term” weather fluctuations covers a longer timeframe
than in these other works. Our measure captures the effects of weather in the recent past,
as opposed to the immediate past.

What we do find is some mixed evidence about the effects of long-term trends in
seasonal temperatures on perceptions of global warming. We speculate that increases in
winter temperatures would have a strong effect on global warming perceptions, but this
is not the case (b = −0.027, z = −0.75). It appears that individuals who reside in
geographic areas with an upward trend in winter temperatures are no more or no less
likely to perceive that global warming exists and is due to human activity. Our coefficients
for fall temperature trends are also small and statistically nonsignificant. Surprisingly, the
coefficient for spring temperature trends is negative, though it barely misses conventional
levels of statistical significance in a two-tailed test (b = −0.159, z = −1.88). However, we
do find evidence that upward trends in summer temperatures have an effect on perceptions
of anthropogenic global warming (b = 0.123; z = 1.74). In Appendix Figure C1, we
present the predicted probabilities for our three global warming outcomes as a function of
summer temperature trends; based on these results, one can see that increases in summer

5We conduct regression diagnostics for multicollinearity among the independent variables for each model
presented in this study. In no case are the variance inflation factors (VIFs) sufficiently large to suggest that this
is a matter of concern.
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TABLE 2

Ordered Logit Estimates for Models of Individuals’ Perceptions of Global Warming, with
Variable for Spring–Summer Temperature Trend Difference,

2009 Pew General Public Science Survey

Variable b z

Climate: 10-year temperature trends
Spring–summer trend difference [+] 0.145 2.70∗∗

Attitudes toward scientists and science
Scientists’ contributions [+] 0.311 2.14∗

Scientists’ ideology [+] 0.254 1.95∗

Scientists’ consensus [+] 1.583 11.29∗∗∗

Science effects [+] −0.056 −0.63
Investment in science [+] 0.782 4.09∗∗∗

Political predispositions
Liberal–conservative ideology [−] −0.307 −3.61∗∗∗

Partisan identification [−] −0.043 −0.35
Education [+] 0.247 3.98∗∗∗

Partisan identification ∗education [−] −0.061 −2.58∗∗

Religion variables
Black Protestant [+] −0.553 −1.47
Mainline Protestant [+] 0.706 2.83∗∗

Catholic [+] 0.162 0.77
Other Christian [+] 0.140 0.49
Jewish [+] 1.091 2.32∗∗

Mormon [+/−] 0.810 1.16
Other religion [+/−] 0.476 1.02
Secular [+] 0.125 0.44
Church attendance [−] −0.008 −0.14

Information environment
Scientific knowledge [+] 0.221 1.25
General media use [+/−] 0.006 0.07
Scientific media use [+/−] −0.034 −0.53

Demographic attributes
Age [−] −0.010 −2.22∗

Gender [+] 0.277 1.87∗

Income [−] −0.062 −1.78∗

White [−] −0.357 −1.26
N 1,143
Pseudo R2 0.231
Wald χ2 424.61
Prob (χ2) 0.0000

∗∗∗Probability < 0.001 (one-tail test); ∗∗probability < 0.01 (one-tail test); ∗probability < 0.05 (one-tail test).
NOTE: z statistics are based on standard errors estimated with clustering by weather station. The constant
terms are omitted from the table for the sake of brevity.

temperature trends result in an increase in the probability that one perceives that global
warming is due to human activity and a decrease in the probability of perceiving no global
warming or global warming based on natural cycles. The increase in the probability of
perceiving anthropogenic global warming is not trivial; as they move from the lowest to
the highest trend in local summer temperatures, individuals increase the probability of
perceiving that global warming is due to human activity by about 0.20.

While it appears that summer temperature trends have a positive effect on individuals
perceptions of anthropogenic global warming, one other possibility is that individuals’
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perceptions of global warming may be sensitive to temperature trends that show greater
disparity from one season to the next. We see that warmer summer temperatures in
individuals’ communities increase the perceptions of anthropogenic global warming,
but there is a tantalizing hint—albeit not a statistically significant one by conventional
standards—that cooling spring temperatures have the same effect. Is it possible that per-
ceptions of anthropogenic global warming may be responsive to greater disparities in
trends for summer and spring temperatures? Are perceptions that global warming is due
to human activity more likely to develop for individuals who reside in communities with
matched trends toward cooling spring temperatures but warming summer temperatures—
and, hence, growing summer–spring temperature disparities? Is it this pattern of temper-
ature disparities in adjacent seasons over time that creates long-term temporal consistency
sufficient to stand out in individuals’ memories and hence shape their thinking about
climate change? It may well be the case that the meaning of trends toward warmer summer
temperatures in individuals’ minds depends not only on a comparison of summer tem-
peratures from one year to the next, but also on a contrast between summer and spring
temperatures. When summer temperatures are increasingly high compared to spring tem-
peratures, individuals may be more likely to perceive that climate is changing and convert
those observations into perceptions about anthropogenic global warming.

To consider this possibility, we create a variable by calculating the difference in the sum-
mer and spring temperature trends; a high score on this variable means that the 10-year
trend in summer temperatures in an individual’s community is much greater than the
10-year trend in spring temperatures. To simplify our model, we drop all of the other
contextual weather and climate variables, none of which are shown to have a significant
effect on perceptions of global warming. Our findings are presented in Table 2 and confirm
our speculation that an increasing gap in summer and spring temperature trends over time
has a strong positive effect on individuals’ perceptions of anthropogenic global warming
(b = 0.145, z = 2.70). Individuals who are experiencing rising trends in summer temper-
atures relative to the trend in spring temperatures are significantly more likely to develop
the perception that global warming is occurring and mainly due to human activity. It
would appear that if individuals are observing a trend toward cooler spring temperatures,
then an associated trend toward warmer summer temperatures would mean that the higher
summer temperatures stand out and are more likely to be remembered and integrated into
their climate perceptions. This would accentuate the effects of higher summer tempera-
tures on perceptions of global warming. In Appendix Figure C2, we present the pattern of
predicted probabilities for the three outcomes on our dependent variable as a function of
the difference in summer–spring temperature trends, and one can see that moving from
the lowest to highest values on this independent variable increases the probability that an
individual perceives anthropogenic global warming by 0.31—that is, from 0.36 to 0.67.
Simply, individuals who reside in communities where there is a trend toward bigger spring–
summer temperature swings are significantly more likely to perceive that global warming
exists and is due to human activity. This is strong evidence that long-term local temper-
ature trends in individuals’ local communities can help shape their views toward global
warming.

One caveat that might be expressed about this analysis is that not all individuals residing
in a given county when the Pew survey was conducted have lived there for a long enough
time to experience the 10-year climate pattern. Arguably, our ordered logit estimates
represent average effects across all individuals, regardless of whether they have lived in their
present location for 10 years or more. However, one might expect the effect of 10-year
trends in spring–summer temperature swings to be stronger for those residing in their
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home counties for at least 10 years than for those who are “new” residents of less than
10 years. In Appendix D, we present a detailed consideration of this possibility, using age
as a proxy for length of residence. We find that older survey respondents are significantly
responsive to differences in long-term spring–summer temperature trends, while younger
respondents are not. Our findings provide indirect support for the argument that exposure
to long-term temperature trends may have an effect on individuals’ perceptions of climate
change.

Attitudes Toward Scientists. Turning back to Model (1) in Table 1, we find that how
individuals perceive scientists has a strong and consistent effect on how individuals think
about global warming. Individuals who perceive that scientists make a strong contribution
to the well-being of society are significantly more likely to accept anthropogenic global
warming; the coefficient for this variable is positive and significant (b = 0.309, z = 2.12).
Moreover, the effect of this variable can be seen in Appendix Figure D1, in which we report
predicted probabilities for each of the three outcomes on the dependent variable as belief
in scientists’ contributions increases, holding constant the effects of other independent
variables. As one can see, perceptions of contributions by scientists have a strong positive
effect on perceptions that global warming exists and is due to human activity. Second, we
find that perceptions of scientists’ ideological leanings have a modest effect on how indi-
viduals perceive global warming. As individuals perceive scientists to be more conservative,
they become more likely to perceive that global warming exists (b = 0.267, z = 2.03).
Conversely, individuals who perceive that scientists are liberal are less likely to perceive that
global warming is generated by human activity. This is in keeping with the perceptions held
by some individuals that scientists are an ideological liberal group and that their findings
are tainted by ideological bias.

Perhaps the most powerful variable in our models is individuals’ perceptions that there is a
scientific consensus about global warming. Those individuals who perceive that scientists are
in agreement that “the earth is getting warmer because of human activity” are significantly
more likely to believe in anthropogenic global warming (b = 1.586, z = 11.28), suggesting
that individuals consider the degree to which there is a scientific consensus in shaping
their own views on global warming. Indeed, we can see from Appendix Figure D2 that
individuals who perceive a scientific consensus are about twice as likely to believe that global
warming is due to human activity as those who do not perceive a scientific consensus. These
results suggest the possibility that having dissenting voices in debates over global warming
may create for some individuals sufficient doubt in anthropogenic global warming.

Not only do we propose that attitudes toward scientists will shape global warming
perceptions, but we also suggest that how individuals perceive science will have a simi-
lar effect. Contrary to expectations, we find little evidence that individuals’ perceptions
of positive effects of science on various aspects of American life (i.e., “society,” “mak-
ing life easier,” and “the environment) influence how they think about global warming
(b = −0.050, z = −0.55). On the other hand, we find that individuals who perceive
that investments in “basic scientific research” usually pay off are more likely to accept the
scientific consensus in support of anthropogenic global warming (b = 0.790, z = 4.08).
The perception that science has positive societal payoffs creates the impression of scien-
tific credibility and promotes perceptions that global warming exists and is due to human
activity.

Political Predispositions. The effects of political ideology and partisanship on per-
ceptions of global warming are generally as expected. First, we hypothesize that there is
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a negative relationship between conservative ideology and perceptions of anthropogenic
global warming, and our results provide strong support for this assertion (b = −0.298,
z = −3.46). This effect can be visualized in Appendix Figure D3, in which we present the
predicted probabilities for each of the three outcomes on the dependent variable that are
associated with each outcome on the political ideology variable. As one can see, political
conservatives are significantly less likely than political liberals to perceive anthropogenic
global warming, and they are significantly more likely to perceive that global warming is
due to natural cycles or does not exist at all.

The effect of partisan identification on perceptions of global warming is a bit more
complicated, insofar as partisanship mediates (and is mediated by) education. At a simple
level, partisanship is expected to have a negative effect on perceptions of global warming,
since Republicans are less likely to perceive that global warming either exists or is due
to human activity. This can be confirmed by the partisan identification coefficient in a
model that specifies an additive effect of partisanship (b = −0.325, z = −6.86, full model
results not shown). This additive effect of partisan identification can be seen in Appendix
Figure D4, with Republican partisans less likely to perceive anthropogenic global warming,
but more likely to perceive that global warming is due to natural cycles or does not exist
at all. However, we consider explicitly the possibility that that the effect of education
on perceptions of global warming varies as a function of individuals’ partisanship, as
documented by other scholars (McCright and Dunlap, 2011b; Hamilton, 2011, 2012;
Hamilton and Keim, 2009). In Model (2) of Table 1, we include variables for partisan
identification, education, and the interaction for partisanship and education. With the
interaction included in the model, the coefficient for education represents the effect of
education for Democrats (i.e., those who are coded 0 on partisanship); the coefficient for
the party × education interaction reflects how the effect of education changes as individuals
move by one unit in the Republican direction. As one can see, the coefficient for education
is positive and highly significant (b = 0.244, z = 3.92), indicating that for Democrats
increases in education are related positively to perceptions of anthropogenic global warming.
On the other hand, the coefficient for the interaction variable is negative (b = −0.064,
z = −2.69), indicating that increases in (Republican) partisanship result in a weakening
of the relationship between education and perceptions of global warming. Indeed, in
Appendix Figure D5, we present the pattern of predicted probabilities for perceptions of
anthropogenic global warming as a function of education, presented separately for strong
Democrats and strong Republicans. These results show that for strong Democrats there
is a strong positive effect of education on perceptions of anthropogenic global warming;
as strong Democrats become more educated, they are much more likely to perceive that
global warming exists and is a result of human activity. On the other hand, for strong
Republicans there is no relationship between education and perceptions of anthropogenic
global warming. Strong Republicans with both high and low education levels hold the same
mean predicted probabilities of perceiving that global warming is due to human activity.
It is also the case that increases in education are associated with a greater disparity in
perceptions of anthropogenic global warming for Democrats and Republicans, suggesting
that the effects of partisanship increase with higher levels of education.

Religious Variables. We find some evidence of religion effects, primarily in comparing
white evangelical Christians and other groups. White mainline Protestants are significantly
more likely than white evangelical Christians to perceive anthropogenic global warming
(b = 0.749, z = 2.97), as are Jews (b = 1.094, z = 2.24). Moreover, in our model estimated
without our local climate variables, Mormons are also found to be more likely to perceive
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anthropogenic global warming (b = 1.218, z = 2.09), though this effect decreases to
statistical nonsignificance when we add the local climate variables to our model. It would
appear that white evangelical Christians are somewhat less likely to perceive anthropogenic
climate changes once we control for the effects of other variables (including political
ideology and partisan identification).6 Finally, church attendance is found to be statistically
unrelated to perceptions about global warming.

Information Environment. Given the state of climate science and the widespread
reports of a scientific consensus over global warming, we speculate that individuals’ exposure
to information should have a positive effect on their perceptions that global warming exists
and is attributable to human activity. Turning to the model estimates in Model (2), we
find that none of the independent variables in the information environment cluster have a
significant effect on perceptions of global warming. Knowledge of global warming and the
three media variables all have coefficients that fail to achieve standard levels of statistical
significance. It appears that information effects reside in the effects of individuals’ level of
education, though this effect is primarily among non-Republicans.

Demographic Attributes. There is some evidence that demographic characteristics are
related to perceptions of global warming. First, the coefficient for age is both negative
(as expected) and statistically significant (b = −0.010, z = −2.22); this suggests that older
individuals are more likely to be skeptical of global warming than those who are younger.
Second, consistent with previous studies, we find that women are significantly more likely
to perceive that there is anthropogenic global warming (b = 0.283, z = 1.90) Third, we
find little evidence that race is related to perceptions of global warming (b = −0.337,
z = −1.193). This null finding stands in some contrast to the findings of other scholars.7

Finally, income is negatively related to global warming perceptions (b = −0.060, z =
−1.72); individuals with higher incomes are less likely to perceive that global warming
exists and is due to human activity than those with lower incomes. This is in keeping with
the argument that high-income individuals are likely to recognize the high costs that are
associated with addressing anthropogenic global warming.

Summary and Conclusions

In this article, we explore the determinants of Americans’ perceptions of global warming.
We develop a model in which we depict global warming perceptions as a function of several
clusters of independent variables, including the long-term climate and short-term weather
in individuals’ home communities, attitudes toward scientists and science, political predis-
positions, religious variables, the information environment, and demographic attributes.
We use data from the 2009 Pew Public Science Survey, which includes a wide range of
variables representing the interplay of science, politics, and policy.

6We also estimate a model that includes only religion variables (results not shown), and we find that the
coefficients for all of the religion variables (except the Mormon variable) are positive and statistically significant.
This indicates that all religious groups are more likely to perceive anthropogenic climate change than white
evangelical Christians, though these effects disappear for several religious groups once the effects of control
variables are introduced into the model.

7We also consider whether there is an interaction between gender and race, but the coefficient for this
interaction variable is small and statistically insignificant (b = 0.027, z = 0.10). Hence, it appears that there
is a general gender effect but not a specific white male effect.
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What have we learned about the determinants of Americans’ perceptions of global
warming? First, we suggest that, over time, trends toward higher temperatures may cumulate
to form effects that go beyond the effects of weather patterns in the recent past, and we
find that seasonal temperature trends in the medium term (i.e., over the past 10 years)
show some effects on public perceptions about global warming. Increasingly hot summers
have a positive effect on individuals’ perceptions of anthropogenic global warming, and
there is a hint that cooling spring temperatures may have an effect on global warming
perceptions under some circumstances. Indeed, we find that coupling summer warming
trends and spring cooling trends has a strong, discernible effect on individuals’ perceptions
of global warming. Specifically, individuals who reside in communities that combine
summer warming trends and spring cooling trends are significantly more likely to perceive
that global warming is due to human activity. This suggests that the effects of warming
summer temperatures should be viewed in the context of trends in spring temperatures.
It also indicates that the experience of contrast in seasonal temperatures has a stronger
effect on perceptions of global warming than that of simple trends or short-term means.
We are at an early stage of exploring the effects of climate and weather on perceptions of
global warming, and we suggest that the finding of a strong effect of seasonal contrast (e.g.,
between spring and summer temperature trends) should generate further research. On the
other hand, it seems that seasonal precipitation trends and short-term weather fluctuations
do not have significant effects on public perceptions of global warming. It is possible that
the effects of these variables vary considerably across contexts, and we suggest that the
possibility of heterogeneous effects across contexts certainly warrants further study in the
future.

Second, we explore the degree to which individuals’ perceptions of global warming are
determined by how individuals perceive scientists and science, as well as how individuals
evaluate the role of science in American society. The claims that global temperatures are
rising and that global warming is a result of human activity are generated through scientific
activity conducted by scientists. We suggest that the degree to which individuals trust the
work of scientists, have positive views about the contributions made by scientists and sci-
ence, and correctly perceive the scientific consensus about global warming will be positively
related to their propensity to perceive that anthropogenic global warming is taking place.
Our empirical findings provide strong support for our assertions that the effects of attitudes
about scientists and science influence individuals’ perceptions of global warming. This con-
clusion is both good and bad news to scientists. From a positive perspective, advocates of
global climate change can direct their efforts toward the establishment of positive images
of scientists, and this may serve to make their research conclusions more convincing and
acceptable to the public. The bad news is that any event such as “Climategate” or a careless
paragraph about Himalayan ice melting could lead to mistrust of scientists’ findings on
global warming. Due to what global warming skeptics purport to be mistakes made by
some climate scientists, the entire scientific community—and the case for anthropogenic
global warming—is still recovering from the adverse effects of these perceived missteps.

Third, we confirm the findings from previous research that global warming has become
highly politicized. Political ideology and party identification are strong significant predic-
tors of individuals’ perceptions of global warming; conservatives and Republicans tend to be
significantly more skeptical of anthropogenic global warming than liberals and Democrats,
who are more likely to accept the idea that global warming is due to human activity. More-
over, we find that the effect of education on perceptions of anthropogenic global warming
is conditioned by partisan identification; the relationship is positive for Democrats but
statistically indistinguishable from 0 for Republicans. Our results support the hypothesis
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that people rely on their political predispositions when they interpret evidence about global
warming.

Fourth, we find some evidence of an effect of religion variables, particularly in terms of our
finding that white evangelical Protestants differ from several other groups. White evangelical
Protestants differ from other religious groups in their perception of anthropogenic climate
change, though many of these differences disappear in full models that include a wide range
of control variables. With the recent release of the papal encyclical on climate change, the
role of religion in shaping debates about global warming promises to be a subject of interest
to scholars interested in the determinants of attitudes toward climate change.

Fifth, our findings confirm to a large extent the results of previous research about the
effects of demographic attributes on attitudes toward and perceptions of global warming.
We find that age, gender, and income all have effects on perceptions of anthropogenic global
warming that are consistent with those reported in prior research, though (surprisingly) we
find that race is unrelated to perceptions of global warming. We also find little evidence
that the information environment influences perceptions of global warming, though our
findings relating to education are consistent with expectations.

Finally, it is worth noting that the effects of our independent variables on perceptions of
“natural cycle” global warming usually differ from the effects of our independent variables
on perceptions of anthropogenic global warming. Variables that have a positive effect on
the probability that individuals perceive that global warming is due to human activity
have a negative effect on the probability that individuals perceive that global warming is
due to natural cycles. Indeed, it would appear that perceptions of “natural cycle” global
warming behave more similarly to perceptions of no global warming than to perceptions
of anthropogenic global warming. It may be that perceptions of “natural cycle” global
warming represent a middle ground for those who are somewhat skeptical of the scientific
consensus about the causes of global warming but who perceive that global warming is
occurring.

Our analyses are limited in some ways, and the research agenda on public opinion
toward global warming is subsequently a full one. Where do we go from here? First, our
dependent variable is based on a series of questions that are commonly asked in surveys
on climate change and global warming. However, it is possible that there is more nuance
to individuals’ attitudes about the causes of climate change. Individuals who perceive that
climate change is occurring may perceive that both natural cycles and human activity
account for at least some of the variability of weather and climate over time. Our present
measurement strategy assumes a discrete “either–or” process, but individuals may weight
these two sets of causes differently. In future research, we hope to develop survey questions
to explore more fully the relative weight that individuals give to these two potential causes of
climate change. Second, more work is needed on the connections between objective long-
and short-term weather patterns and individuals’ perceptions of those weather patterns.
Do individuals who live in communities or regions that experience upward temperature or
precipitation trends accurately perceive those trends? Do the perceptions of those trends
then influence perceptions of global warming? Third, how do Republicans/conservatives
and Democrats/liberals associate climate and weather with their perceptions of global
warming? Do they respond differently or similarly to long-term climate trends and short-
term weather fluctuations when they make judgments on global warming? Fourth, does
weather and climate affect behavior relating to climate change? How do weather and climate
affect individuals’ willingness to engage in action touted by scientists and policymakers to
combat climate change? It is important for scholars to explore more fully the determinants
of attitudes toward policies designed to alleviate global warming in the long run. To what
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extent are Americans willing to take on what economists describe as the considerable costs
of combating global warming? Will Americans support a carbon tax and/or higher taxes on
goods and services that contribute to climate change? To what extent will Americans “buy
in” to policies that many scientists contend will have the effect of reducing the human
contributions to climate change?

Appendix A: Elite Consensus and Mass Opinion on Climate Change

It is generally agreed that there is a consensus among scientists about the existence
of global warming and the high likelihood that global temperature changes are due to
human activity. The scientific community was originally conservative in its opinions about
global warming. Indeed, in 1992 the U.N. Intergovernmental Panel on Climate Change
(IPCC) reported that global warming might have very negative consequences for the
world’s ecosystems (Krosnick, Holbrook, and Visser, 2000). However, in 1995 the IPCC
dramatically changed its judgment on this issue from being “uncertain” to “real” (Krosnick,
Holbrook, and Visser, 2000). In its 2007 assessment report (Solomon et al., 2007), the
IPCC used the word unequivocal to describe evidence of warming of the climate system and
chose the words “very likely” when attributing the temperature rise to human activity. In
its most recent assessment report, the IPCC (2013) reinforced the certainty of its findings
that climate change is occurring and that human activity is a substantial contributor. The
IPCC is not the only authoritative organization to come to this conclusion. The most
recent report from the U.S. Global Change Research Program shares the same sentiment,
reaching the conclusion that “global climate is changing . . . . The global warming of the
past 50 years is primarily due to human activities, predominantly the burning of fossil
fuels” (Walsh et al., 2014:20). The National Research Council Advancing the Science
of Climate Change endorsed the notion of “anthropogenic global warming” by stating
that “climate is changing and these changes are in large part caused by human activities”
(U. S. National Research Council, 2010:1).

Despite the consensus in the scientific community about global warming and the “high
probability” that human activity plays a role, the American public is much more sharply
divided on both the existence of global warming and whether human activity is responsible.
In Table A1, we present results from the Pew Research Center survey conducted in October
2013, and in Appendix Figures A1 and A2, we report trends in various perceptions of global

TABLE A1

Individuals’ Perceptions of Global Warming, Pew Research Center for the People
and the Press, October 2013 Political Survey

Response Percentage (%)

The earth is not getting warmer 26
The earth is getting warmer 67

The earth is getting warmer because of natural changes in the atmosphere 18
The earth is getting warmer because of human activity 44
The earth is getting warmer but do not know why 4

Do not know/mixed evidence 7
N = 1,504 100

SOURCE: Pew Research Center for the People and the Press, October 2013 Political Survey.
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FIGURE A1

Trends in Individuals’ Perceptions of Global Warming, 2006–2013
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SOURCE: Adapted from Pew Research Center (2013).

FIGURE A2

Trends in Individuals’ Perceptions of Seriousness of Global Warming Problem, 2006–2013
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warming over time from 2006 to 2013 (Pew Research Center, 2013). According to these
data from October 2013, 67 percent of the American public agrees that the earth is
warming, but only 44 percent agrees that global warming is due primarily to human
activity. According to Figure A1, the “human activity” percentage is a high-water mark
since 2010 and the “Earth is getting warmer” percentage is nearly so, following a downward
trend since 2006 in perceptions of both global warming and human activity as a cause.
Further, based on Figure A2 it appears that the percentage of Americans who perceive
that global warming is a “very serious” problem has declined since 2009, though there has
been a modest uptick in the past two years. As of October 2013, only 33 percent perceive
global warming as a “very serious problem,” though another 32 percent perceive it as a
“somewhat serious problem.” Regarding the consensus among scientists, as of October
2013, 54 percent of Americans perceive that “scientists agree that earth is getting warmer
because of human activity,” a figure that is up from 45 percent just a year earlier, while
37 percent of respondents perceive that “scientists do not generally agree that the earth
is getting warmer because of human activity,” down from 43 percent in October 2012.
Clearly, Americans continue to have widely differing views about the existence of global
warming, the role of human activity in creating climate change, and the degree to which
there is a scientific consensus on the issue.

Appendix B: Integrating Contextual and Survey Data

The Pew Research Center for the People and the Press makes most of its data accessible
to the public. For reasons of confidentiality, Pew Research Center strips out geographic
information that could be potentially identifiable; these geocoded data are available from
the Pew Research Center through the implementation of the Pew Research Center Special
Dataset Use Agreement.

FIGURE B1

Map of the United States Showing Placement of Survey Respondents and Weather Stations
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TABLE B2

Descriptive Statistics

Standard
Variable Mean Deviation Minimum Maximum

Perceptions of global warming 1.411 0.691 0 2
Scientists’ contributions 2.721 0.536 0 3
Scientists’ ideology −0.117 0.536 −1 1
Scientific consensus 0.619 0.486 0 1
Science effects 0.004 0.968 −4.155 0.543
Investment in science 0.824 0.381 0 1
Partisan identification 1.647 1.670 0 4
Liberal–conservative ideology 2.143 0.953 0 4
Education 3.852 1.621 0 6
Greenhouse gas knowledge 0.750 0.433 0 1
Church attendance 2.611 1.564 0 5
General media use 2.474 0.814 0 3
Attention to science news 2.183 0.802 0 3
Scientific media use 0.072 1.012 −1.109 2.524
Age 48.962 16.451 18 93
Gender 0.459 0.498 0 1
Income 5.493 2.292 1 9
Race: white 0.570 0.495 0 1
Winter temperature trend −0.595 2.166 −7.826 5.097
Spring temperature trend −0.714 0.912 −3.630 3.030
Summer temperature trend 0.572 1.109 −2.885 4.455
Fall temperature trend 0.305 1.051 −2.121 4.164
Winter precipitation trend 5.270 10.716 −38.212 33.473
Spring precipitation trend 0.678 11.463 −31.115 44.836
Summer precipitation trend 4.089 13.471 −44.697 47.648
Fall precipitation trend 0.613 11.396 −38.661 37.248
Departure from normal temperature 0.022 0.529 −1.520 1.966
Departure from normal precipitation 0.236 0.934 −1.481 3.176
Summer–spring trend difference 1.286 1.229 −2.897 4.897

We use geographic techniques to integrate the two different layers of data. Specifically,
the centroid of each zip code polygon is used to represent the location of respondents
identified by corresponding zip codes, and the weather station that is located closest
to each zip code centroid is spatially joined to each respondent. Once we have linked
each respondent to a weather station, we can merge various measures of local weather with
each respondent. In Appendix Figure B1, we present a U.S. map that shows the location
of each respondent and each of the weather stations used in our analyses.

In most cases weather stations are joined to only one survey respondent, though there
are a relatively small number of weather stations that are joined to more than one sur-
vey respondent. The fact that some respondents share the same weather station raises
some complications in regression analyses. Merging two data sets with different levels of
analysis—aggregate (weather station) and individual level—violates one important statis-
tical assumption. Specifically, the error terms are not independent for observations that
share the same weather station, and this can affect standard errors for regression estimates.
To correct this, there are two major approaches—clustered standard errors and multilevel
modeling. Unfortunately, we do not have a sufficient number of observations per weather
station to estimate a multilevel model. Almost one-half of weather stations are joined to
one survey respondent, 65 percent are joined to one or two respondents, and 87 percent
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have five or fewer respondents. Under the circumstances, we estimate our models with
clustered standard errors, which require fewer assumptions and less intensive computation
than multilevel modeling (Primo, Jacobsmeier, and Milyo, 2007).

Appendix C: Measuring the Dependent Variable

We suggest that the responses to this survey item represent ordered categories and hence
that this variable can be treated as an ordinal variable. Conceptually, these three responses
represent three ordered conditions that vary in terms of individuals’ perceptions of how
human society should react to this aspect of the environment around them. First, those
who perceive that there is no global warming suggest an “if it ain’t broke, don’t fix it”
approach and signal a justification for environmental inaction. Second, individuals who
perceive that global warming has root causes associated with natural cycles recognize that
global warming is a reality; however, while human activity has little or nothing to do with
the cause of global warming, human society still needs to adapt to the consequences of
global warming. The third response—belief in anthropogenic global warming—recognizes
the reality of global warming and suggests that humans are at the core of the problem; given
this view, human society should be part of the solution by both mitigating the effects of
global warming and adapting to the warming planet. Simply, these three responses imply
a pattern of incremental political and environmental involvement, ranging from (1) “no
problem, no action needed” to (2) “adaptation needed to a problem that is beyond the

FIGURE C1

Predicted Probabilities of Three Views Toward Global Warming, by Summer Temperature
Trend, 2009 Pew General Public Science Survey
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FIGURE C2

Predicted Probabilities of Three Views Toward Global Warming, by Difference in Summer and
Spring Temperature Trend, 2009 Pew General Public Science Survey
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control of human society” to (3) both “adaptation and mitigation required for a serious
problem caused by human activity.” Because this is an ordinal dependent variable, we
estimate our models using ordered logit.

There is good evidence that this ordering of responses is appropriate. We have calculated
the mean values on a number of our attitudinal independent variables, calculated separately
for each of the three values on the dependent variable. The patterns are that these data
are consistent with an ordered dependent variable: the means for partisan identification,
ideology, and most of the science attitudinal variables are at one extreme for the lowest
value on the dependent variable, the other extreme for the highest value, and in the middle
for the middle value on the dependent variable. It would appear that the mean values of
these independent variables coincide with values on the dependent variable in a way to
suggest that the dependent variable is ordered.

The original survey has two forms of this variable, and the order in which the response
choices are offered varies between the forms. In one form “the earth is not getting warmer”
is the first choice in order, whereas in the second form this option is placed last in order.
The effects of changing the order of response choices have been found to be substantial,
especially among less-educated adults (Krosnick and Alwin, 1987). However, in this case
the relationship between perceptions of global warming and form type are not statistically
significant (γ = 0.0454, z = 1.135), and a comparison of frequencies does not reveal a
major effect of form type on responses to the global warming item. Hence, we combine
the data from the two forms to create a single variable.
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Appendix D: Exploring Heterogeneity in Effects of Long-Term Temperature Trends
for Long- and Short-Term Residents

One issue associated with studying the effects of 10-year temperature trends on individ-
uals’ perceptions of climate change involves individuals’ exposure to those trends. People
who have lived in a given county for 10 years or more have been exposed directly to the
climate of that locale and are hence able to develop perceptions of climate trends over that
time period. On the other hand, individuals who are transplants and have resided in a
given county for less than 10 years are not directly exposed to the 10-year climate pattern.
It is possible that they may be aware of local climate patterns indirectly—for example,
they may read or watch news stories about trends in temperature, precipitation, or extreme
weather, or they may have communication with long-term residents who describe those
patterns over time—but they are less likely to have experienced the weather patterns and
hence incorporate that experience into their perceptions about climate change.

The best way to study this would be to identify those who have resided in a given county
for at least 10 years and differentiate them from those who have resided in a given county
for less than 10 years. Unfortunately, the 2009 Pew General Public Science Survey does not
include a variable that measures how long survey respondents have lived in their current
home county. However, not all age groups are equally likely to reside in the same location
over time. Benetsky, Burd, and Rapino (2015) show that mobility is much greater for
younger Americans, particularly for those in the 18–34 age group. Approximately one in
three individuals in this age group report to have moved in the past year, compared to less

FIGURE D1

Predicted Probabilities for Three Views Toward Global Warming, by Belief in Scientists’
Contributions to Society, 2009 Pew General Public Science Survey
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FIGURE D2

Predicted Probabilities for Three Views Toward Global Warming, by Perceptions of Scientific
Consensus on Global Warming, 2009 Pew General Public Science Survey
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FIGURE D3

Predicted Probabilities of Three Views Toward Global Warming, by Political Ideology, 2009 Pew
General Public Science Survey
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FIGURE D4

Predicted Probabilities of Three Views Toward Global Warming, by Partisan Identification, 2009
Pew General Public Science Survey
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FIGURE D5

Predicted Probabilities that Respondents Believe that Global Warming is Due Mostly to Human
Activity, by Partisan Identification, 2009 Pew General Public Science Survey
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TABLE D1

Ordered Logit Estimates for Models of Perceptions About Global Warming, with Variable for
Spring–Summer Temperature Trend Difference, by Age Group, 2009 Pew General Public

Science Survey

Model (1) Model (2)
Older Respondents Younger Respondents

Variable b z b z

Climate: 10-year temperature trends
Spring–summer trend difference [+] 0.191 2.57

∗∗
0.082 1.08

Attitudes toward scientists and science
Scientists’ contributions [+] 0.261 1.29 0.375 1.97

∗

Scientists’ ideology [+] 0.453 2.28
∗

0.171 1.01
Scientists’ consensus [+] 1.703 7.60

∗∗∗
1.521 7.73

∗∗∗

Science effects [+] −0.203 −1.59 0.084 0.68
Investment in science [+] 0.875 2.80

∗∗
0.689 2.76

∗∗

Political predispositions
Liberal–conservative ideology [−] −0.430 −2.91

∗∗ −0.236 −2.04
∗

Partisan identification [−] −0.492 −2.31
∗

0.242 1.50
Education [+] 0.256 2.40

∗∗
0.251 3.06

∗∗∗

Partisan identification
∗
education [−] −0.002 −0.04 −0.101 −3.22

∗∗∗

Religion variables
Black Protestant [+] −1.781 −2.20 −0.351 −0.79
Mainline Protestant [+] 0.886 2.47

∗∗
0.478 1.41

Catholic [+] 0.131 0.43 0.111 0.37
Other Christian [+] 0.088 0.17 0.089 0.25
Jewish [+] 0.890 1.96

∗
1.618 1.49

Mormon [+/−] −0.249 −0.20 1.292 1.83
Other religion [+/−] −0.202 −0.19 0.688 1.38
Secular [+] 0.182 0.40 0.001 0.00

Information environment
Scientific knowledge [+] 0.354 1.40 0.116 0.49
Church attendance [−] 0.050 0.64 −0.060 −0.77
General media use [+/−] −0.061 −0.48 0.056 0.51
Scientific media use [+/−] −0.010 −0.09 −0.047 −0.51

Demographic attributes
Age [−] −0.015 −1.31 −0.020 −2.05

∗

Gender [+] 0.195 0.84 0.390 2.02
∗

Income [−] −0.057 −0.96 −0.062 −1.31
White [−] −1.355 −2.13

∗ −0.147 −0.48
N 512 631
Pseudo R2 0.314 0.193
Wald χ2 249.12 232.40
Probability (χ2) 0.0000 0.0000

∗∗∗Probability < 0.001 (one-tail test); ∗∗probability < 0.01 (one-tail test); ∗probability < 0.05 (one-tail test).
NOTE: z statistics are based on standard errors estimated with clustering by weather station. The constant
terms are omitted from the table for the sake of brevity.

than 10 percent of those aged 50 or above. Given this, we suggest that age can be used as
a rough surrogate of mobility and its converse, residential stability.

In order to explore the degree to which individuals who are most likely to have resided in
the same home county for at least 10 years are more likely to connect long-term temperature
trends and their attitudes toward climate change, we divide our sample into those above the
age of 50 and those below the age of 50; this means that the sample is divided roughly in
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TABLE D2

Ordered Logit Estimates for Models of Perceptions About Global Warming, with Interaction for
Older–Younger Variable and Spring–Summer Temperature Trend Difference, 2009 Pew

General Public Science Survey

Variable b z

Climate: 10-year temperature trends
Spring–summer trend difference [+] 0.071 0.96
Older

∗
spring–summer trend difference [+] 0.162 1.75

∗

Attitudes toward scientists
Scientists’ contributions [+] 0.299 2.08

∗

Scientists’ ideology [+] 0.261 2.00
∗

Scientists’ consensus [+] 1.598 11.38
∗∗∗

Attitudes toward science
Science effects [+] −0.044 −0.49
Investment in science [+] 0.789 4.11

∗∗∗

Political predispositions
Liberal–conservative ideology [−] −0.304 −3.57

∗∗∗

Partisan identification [−] −0.030 −0.25
Education [+] 0.248 4.03

∗∗∗

Partisan identification
∗
education [−] −0.063 −2.69

∗∗

Information environment
Scientific knowledge [+] 0.223 1.26
Church attendance [−] −0.007 −0.13
General media use [+/−] 0.011 0.13
Scientific media use [+/−] −0.028 −0.43

Demographic attributes
Age [−] −0.015 −2.81

∗∗

Gender [+] 0.279 1.88
∗

Income [−] −0.063 −1.81
∗

White [−] −0.339 −1.21
Black Protestant [+] −0.554 −1.48
Mainline Protestant [+] 0.677 2.71

∗∗

Catholic [+] 0.139 0.65
Other Christian [+] 0.118 0.41
Jewish [+] 1.052 2.23

∗

Mormon [+/−] 0.783 1.11
Other religion [+/−] 0.503 1.07
Secular [+] 0.108 0.38

N 1,143
Pseudo R2 0.233
Wald χ2 445.51
Probability (χ2) 0.0000

∗∗∗Probability < 0.001 (one-tail test); ∗∗probability < 0.01 (one-tail test); ∗probability < 0.05 (one-tail test).
NOTE: z statistics are based on standard errors estimated with clustering by weather station. The constant
terms are omitted from the table for the sake of brevity.

half. We expect those above the age of 50 to exhibit a strong relationship between long-term
trends in spring–summer temperatures and perceptions of anthropogenic global warming;
on the other hand, those below 50—who are more likely to be mobile and hence less likely
to reside in the same locale for 10 years or more—should be less likely to connect long-term
temperature trends and perceptions of climate change.

In Table D1, we find strong support for our arguments. For those above the age of 50,
there is a strong positive relationship between differences in spring–summer temperature
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trends and perceptions of global warming (b = 0.191, z = 2.57). On the other hand, for the
younger sample subset there is no discernible relationship between long-term temperature
trends and global warming perceptions (b = 0.082, z = −1.08). Indeed, the coefficient
for older individuals is more than twice the size of the coefficient for younger individuals.
In Table D2, we supplement these results by estimating an interaction model in which
we include an interaction comprising a dichotomous variable for age (1 = above 50, 0 =
otherwise) and the long-term spring–summer temperature trend difference. The coefficient
for the spring–summer temperature trend difference variable represents the effect of this
variable for those survey respondents aged 50 or below, and as one can see this variable
does not have a significant effect on the dependent variable (b = 0.071, z = 0.96). On
the other hand, the coefficient for the interaction variable gives us an estimate of the
difference in the effects of long-term temperature trends for those above 50 years of age
and those 50 years of age or below; clearly, the effect of long-term temperature trends is
significantly different for these two age groups (b = 0.162, z = 1.75).

The bottom line is that it appears that older survey respondents—who are less likely to
move and hence more likely to reside in their current home county for a long time period—
are more likely than younger survey respondents to connect long-term temperature trends
and their perceptions of global warming. This is not a direct test of the length-of-residence
hypothesis, but it does provide some indirect evidence to support the notion that long-
term residents are more likely to internalize 10-year temperature trends in shaping their
perceptions of global warming.
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