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ScienceDirect
Climate change is a complex phenomenon that the public

learns about both abstractly through media and education, and

concretely through personal experiences. While public beliefs

about global warming may be controversial in some circles, an

emerging body of research on the ‘local warming’ effect

suggests that people’s judgments of climate change or global

warming are impacted by recent, local temperatures. A meta-

analysis including 31 observations across 82 952 participants

derived from 17 papers published since 2006 found a small but

significant effect overall: a 1�C increase in temperature

increases worry about climate change by 1.2%. Moderation

analysis found larger effects for temperatures over longer time

frames and smaller effects for behaviors versus beliefs. We also

review conceptually related effects due to other extreme

weather events, as well as effects on behaviors related to

climate change beliefs.
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Introduction
In February 2021, three consecutive winter storms

brought subzero temperatures and snow to usually balmy

southern U.S. states such as Texas. Many residents were

left freezing in homes stricken with rolling blackouts;

some took to social media to question global warming,

ranging from ‘Global warming doesn’t make things cold’

to ‘We need more global warming.’ Yet, nearby Florida

was experiencing record high temperatures for February.

Media outlets, grasping at how to explain such concurrent

extremes, began using the term ‘global weirding.’

Climate change is a complex phenomenon and people

can learn about it in two main ways. The first is
www.sciencedirect.com 
communication, for example, science education or news

coverage of scientific studies. But the focus of this review

is on a second, subtler yet arguably more prevalent way:

People learn through experience—using personal obser-

vations, like the winter storms of 2021.

Of course, identifying climate change requires more than

a brief observation. The reality is that changes in global

temperature occur on a long-term, decadal time scale.

Yet, intuition suggests that seeing snow piled up in the

streets and feeling exceptionally cold temperatures would

make it more difficult for people to take climate change

seriously. This intuition was explored, somewhat inde-

pendently, by several teams of researchers in the last

15 years [1–5,6�].

Our goal is to describe this phenomenon, which we

termed ‘local warming,’ and to produce a quantitative

examination of the size and robustness of the effects of

local temperature on perceptions of the existence and

gravity of climate change. We do this with a meta-analysis

examining a set of studies that explore this phenomenon.

We also review conceptually related studies examining

similar effects, but which could not be included in the

meta-analysis. We conclude by briefly describing poten-

tial mechanisms that might cause the effect and posing a

few questions for future research.

We are interested in local warming not only because of

this intuition. If local warming occurs, it tells us some-

thing about the nature of beliefs in climate change,

suggesting that they are malleable and not written in

stone. This might help explain the time course, intensity,

and decay of the effects of weather change on beliefs and

concern, and potentially, suggest lessons for other non-

climate systems of belief.

Local warming meta-analysis
We conducted a meta-analysis of existing literature on

local warming to estimate the size and robustness of the

effect. All methods and analyses were pre-registered and

available on OSF (https://osf.io/f3x56/) along with all data

and code.

Method
Search strategy

We employed an integrated conceptual and objective

approach to collecting studies [7]. We first identified

papers that include the term ‘local warming’ and then

conducted forward and backward searches of references
Current Opinion in Behavioral Sciences 2021, 42:121–126
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in those papers. We also solicited unpublished projects

and data sets by posting requests to members of the

Association for Consumer Research and the Society for

Judgment and Decision Making, but received none.

Finally, we shared preliminary lists of papers with two

researchers with expertise in this area; both recom-

mended additional papers.

Inclusion (Exclusion) criteria

We evaluated papers according to the pre-registered

definition and criteria: The local warming effect refers

to the effect of local temperature on people’s judgments

of (and subsequent actions regarding) climate change or

global warming. We focused on papers that included a

measure of participants’ belief in or concern for global

warming and/or climate change, or a measure of pro-

environmental behavior (such as donating to a climate

change/global warming-oriented philanthropic organiza-

tion). For independent variables, we included either

measures of objective local temperature or participants’

subjective perceptions of temperature. Finally, we

restricted our search to papers available in English

that report statistics allowing for calculation of Cohen’s

D effect sizes.

Note that these criteria exclude Study 3a from Zaval et al.
[8�] and the Many Labs 2 replication thereof [9]; these

studies did not measure perceived or actual temperatures

and therefore did not test the effects we examine in this

meta-analysis.

Data extraction

We extracted the relevant information (variables, descrip-

tions, methodologies, etc.) from all studies that met the

inclusion criteria, evaluating papers on an effect-size

level. For papers that contained more than one study,

each qualified effect was entered as a separate row in the

database.

Data analysis

Our meta-analysis included 31 observations (effect sizes)

derived from 17 papers published across 12 journals. In

total, the meta-analysis used data from 82 952 participants.

We calculated Cohen’s D for each study using the

R package compute.es (Re, 2013), applying additional

standard transformation formulas as needed [10,11]. All

analyses were conducted in R using the metafor package

(Viechtbauer, 2010).

Results
Effect size

We found an overall, unweighted effect size of d = 0.24, a

small effect by Cohen’s criteria [12]. However, Figure 1

shows considerable heterogeneity in effect size across

papers. To estimate an overall, weighted effect size,

we estimated an intercept-only, multilevel meta-analytic

model, which confirmed a small but significant effect
Current Opinion in Behavioral Sciences 2021, 42:121–126 
(d = 0.17; p = 0.0004). Simply put, this body of studies

suggest that under many conditions, recent, local tem-

peratures significantly affect people’s judgments of cli-

mate change and/or global warming.

To put the magnitude of this effect in lay terms, we

highlight the results from Bergquist and Warshaw [13],

which happened to have an effect size of 0.17. Their

finding suggests that a 1�C increase in temperature

increases the percentage of the respondents in Gallup

polls that report worrying a ‘great deal or fair amount’

about climate change by about 1.2 percentage points. In

the context of our introductory example, the 20�C dip in

temperatures from historical Texas averages may have

precipitated a 24% decrease in beliefs about climate

change.

Modeling heterogeneity

To explain the marked heterogeneity evident in Figure 1

(I2 = 95.69% in our weighted intercept-only model), we

considered how effect size varied as a function of several

possible preregistered moderators: (1) whether the study

was conducted in the lab versus via phone or online

survey; (2) the time frame used to evaluate local tem-

peratures (today versus longer time frames); (3) whether

the temperature measure was absolute (i.e. 32 degrees) or

relative (i.e. 10 degrees below historic means); (4)

whether the temperature measure was objective or sub-

jective (i.e. respondents’ perceptions); (5) whether the

DV was a measure of belief, concern, or subsequent pro-

environmental action; (6) whether the DV used the term

‘global warming’ (versus ‘climate change’) to describe the

phenomenon; and (7) whether the analysis generating the

effect size included control variables, such as partisan-

ship, religiosity, and other sociodemographic variables.

Individual models for each potential moderator showed

that many variables explained some of the heterogeneity

in effect sizes. The local warming effect was larger for

subjective (versus objective) temperature IVs (b = 0.23; p
= 0.0006; 95% CI: [0.1066, 0.3454]), for laboratory studies

(versus phone/online surveys; b = 0.33; p = 0.0421; 95%

CI: [0.0125, 0.6390]), for temperatures experienced over

longer time frames (versus today/yesterday’s; b = 0.36; p =

0.0002; 95% CI: [0.1857, 0.5413]), and when analyses did

not control for other variables (b = 0.17; p = 0.0222; 95%

CI: [0.0264, 0.3182]). No other univariate models were

significant.

While suggestive, we must interpret these findings cau-

tiously. Study designs may have interrelated features, and

if the correlation between two or more features is high, we

cannot attribute moderation to one or the other. For

example, survey-based studies tend to include control

variables and to use longer time frames for temperature.

To explore this, we calculated the Variance Inflation

Factor (VIF) for a basic OLS model that included all
www.sciencedirect.com
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Figure 1

Author(s), Year (Identifier) Estimate [95% CI]

Cohen’s D (with 95% CI)

Current Opinion in Behavioral Sciences 

Forest plot in ascending order of effect size.

Notes: Each row represents one observation. The squares represent effect sizes (location of square) and weighted variance (size of square); and

the horizontal line through each square represents the 95% confidence interval. The solid vertical line marks 0; and the vertical dotted reference

line at 0.17 reflects the effect size estimate generated by intercept-only model [1–3,6�,8�,13,15�,16,25,32–36,37�,38–40].
independent variables as regressors. We also calculated

Cramér’s V (a measure of association between nominal

variables) for every possible variable pair [14]. We then fit

a random-effects model (using the ‘rma.mv’ function)

using the variables which resulted in low Cramér’s V

and VIF values. This multilevel model allows for the

clustering of data at both the paper and study levels,

accounting for potential similarity of observations within

the same paper and/or study. Table 1 shows the results of

this model, which left significant unexplained heteroge-

neity (I2 = 97.87%). Only two significant moderators

emerged: Studies using longer time frames for tempera-

ture found larger effects, while studies examining

the effect of local temperatures on behavioral outcomes

(e.g. donations to climate-related charities) found smaller

effects.
www.sciencedirect.com 
Finally, to rule out systematic heterogeneity resulting

from publication bias, we generated a funnel plot based

on an initial multivariate random-effects model. Figure 2

shows that most of the effect sizes lie relatively symmet-

rically within the pyramid, which suggests minimal pub-

lication bias.

Discussion
In the early 2000s, researchers began exploring the influ-

ence of local temperature on individuals’ perceptions of

climate change [15�,16]. A multidisciplinary spate of

researchers has replicated and extended the effect in

different populations and settings; the 12 journals repre-

sented in our meta-analysis include Journal of Environ-
mental Psychology, Journal of Personality and Social Psychol-
ogy, Journal of Risk Research, The Journal of Politics, Nature
Current Opinion in Behavioral Sciences 2021, 42:121–126
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Table 1

Meta-analytic random-effects model estimating the weighted local warming effect

Intercept only model

Estimate SE 95% CI p

Overall effect 0.1747 0.0435 0.1742 to 0.1753 0.0004

Multivariate REML model

Estimate SE 95% CI p

Intercept �0.2048 0.1543 �0.5233 to 0.1138 0.1971

Concern (versus Belief) DV 0.0380 0.0382 �0.0408 to 0.1168 0.3299

Behavioral (versus Belief) DV �0.1855 0.0852 �0.3614 to �0.0097 0.0395

Subjective temperature IV 0.2521 0.1766 �0.1125 to 0.6166 0.1665

‘Global Warming’ (versus ‘Climate Change’) 0.1508 0.1608 �0.1812 to 0.4827 0.3579

Longer temperature time frame (versus today) 0.4277 0.0890 0.2441 to 0.6113 <0.0001

Analysis has control variables �0.0114 0.0644 �0.1443 to 0.1216 0.8613

Bolded values are significant at the 0.05 significance level.
Climate Change, PLOS One, Psychological Science, and

Weather, Climate, and Society.

This systematic relationship requires a mechanism.

One mechanism, attribute substitution, refers to the

cognitive process in which a simple, accessible judg-

ment—such as the current, local temperature—is

used as a proxy for a complex, less accessible judg-

ment—such as the magnitude of global climate change
Figure 2
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Funnel plot for assessment of publication bias.

Notes: Each dot represents an effect size included in the analysis—with hig
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influence of research outcomes on publishing decisions). A plot that resemb

publication bias.
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[17]. Though our meta-analysis was restricted to a

specific definition of the local warming effect, a broader

body of emerging research is consistent with the role of

attribute substitution in people’s judgments of

climate change. For example, researchers found a rela-

tionship between climate change beliefs and a broad

range of weather stimuli, such as heavy rainfall, flood-

ing, coastal erosion, heatwaves, and tropical cyclones

[18–21].
idual Value
Current Opinion in Behavioral Sciences 

her-powered studies higher and larger effect sizes to the right—and

nnel plot is used in consideration of possible publication bias (the

les a pyramid (the shaded white area) indicates low likelihood of
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Research has also found similar findings for objective

measures of attention to climate change. For example,

researchers found a relationship between temperature

variations and Google searches for terms related to cli-

mate change [22]. Communications researchers found

that Twitter users associate different phenomena with

the terms ‘global warming’ and ‘climate change,’ such

that anomalous temperature events only correlate with

tweets about the former [23]. Finally, financial econo-

mists have found that stocks of firms with low carbon

emissions outperform those of high-emission firms amid

atypically warm months, and that this pattern is driven by

individual (as opposed to institutional) investors [24].

While attribute substitution may also help explain these

findings, Sisco (Matthew R. Sisco, PhD thesis, Columbia

University, 2021) proposed three additional mechanisms

that may contribute to the influence of abnormal weather

experiences on climate change perceptions more gener-

ally. First, recent research [19,25–29] supports the propo-

sition that affective responses to climate change influence

climate attitudes [29]. For example, Florida residents

surveyed before and after Hurricane Irma in 2017 were

more willing to pay higher taxes supporting environmen-

tal causes and this effect was mediated by heightened

negative emotions [25]. Another way that abnormal

weather experiences can affect climate attitudes is by

increasing the salience of the issue to the public.

Researchers recently conducted a comparative-case anal-

ysis of 15 communities who underwent extreme weather

events [30]. They show that these events prompted

community discussions about the events’ links to climate

change in nine out of 15 communities. Researchers also

find evidence that weather experiences can have effects

on climate attitudes through increasing the salience of the

issue of climate change [19]. Finally, direct experience

with extreme weather events can reduce the psychologi-

cal distance towards the consequences of climate change

[31], stimulating environmental concern.

Our meta-analysis confirms a small but significant effect

of local warming. That is, under many conditions, recent,

local temperatures do significantly inform people’s judg-

ments of (and subsequent actions regarding) climate

change or global warming. Because of the potential con-

founds that naturally occur in a meta-analysis, our attempt

at understanding the moderators of this effect was lim-

ited. Meta-analysis is limited by the methodologies of the

works it synthesizes, and as a result, many of the ques-

tions raised by our analysis are answerable only through

future research. By beginning to explore the roles of

variables such as the time frame of temperature consid-

ered for determining the magnitude of the local warming

effect, we hope to have opened the door to new research

with respect to these and other possible moderators. For

example, a careful study of the time frame of weather

effects would provide important information about the
www.sciencedirect.com 
durability of the local warming effect, and thus how

quickly climate change influence campaigns should

approach citizens following extreme weather events.

The implications of this work are timely and consequen-

tial. As anthropogenic climate change continues to exac-

erbate weather extremes and increase the variability in

weather, the local warming effect will amplify confusion

among the public. Climate change is a complex phenom-

enon; it cannot be understood through personal experi-

ence alone. That personal experience does weigh so

heavily on judgments of climate change is both cause

for concern and opportunity for intervention. Emphasiz-

ing atypically warm temperatures may help to stimulate

concern for climate change but is not likely to instigate a

substantial shift in public opinion. Significant education

on the causes and consequences of climate change is

necessary to reconcile this dangerous mischaracterization

of climate change as a simple reflection of abnormal daily

temperature.
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