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ScienceDirect
Understanding how experiences with weather affect attitudes

and behaviors related to climate change supports our efforts to

mitigate and adapt to climate change. A variety of studies have

reported evidence of notable effects of weather experiences on

climate attitudes, while other studies have found null effects.

This review overviews recent research that has contributed

further evidence regarding the effects of weather experiences

on climate attitudes and behaviors. Studies on three accounts

of mechanisms by which these effects may occur (affect

activation, issue salience, and psychological distance) and

three categories of potential moderators (media attention,

motivated reasoning, and event attribution) are discussed.

Lastly, recent work on how weather experiences may create

climate policy windows is reviewed and general conclusions

are presented.
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Introduction
We need widespread changes in human behavior to avoid

severe consequences of climate change [1]. Humanity as a

whole has struggled to take sufficient action against

climate change for a variety of reasons, including psycho-

logical obstacles [2]. Scholars have identified experiences

with extreme weather events as having the potential to

motivate climate change mitigation and adaptation beha-

viors [3–6]. This short review discusses research on the
1 For details on the systematic search for papers and inclusion criteria us

www.sciencedirect.com 
effects of weather experiences (WE) on climate attitudes

and behaviors.

More than 100 studies to date have examined the effects

of weather experiences (WE) on climate change attitudes

and behaviors (here ‘attitudes’ refers broadly to climate

change attention, attitudes, concerns, and beliefs). Some

studies have reported evidence of notable effects of WE

on climate attitudes and behaviors (e.g. Refs. [7–10]),

while other studies have found null effects (e.g. Refs. [11–

15]). The mixed results in the literature are difficult to

reconcile due to a wide variety of methodological

approaches, various idiosyncratic types of WE studied

(e.g., hurricanes, heat waves, etc.), and different human

populations studied [3]. Some recent research has con-

tributed further evidence on the effects of WE on climate

attitudes and behaviors. Other new research has investi-

gated the questions of how and under what conditions WE

can have effects. A main contribution of this review is its

focus on these questions, that is, potential mechanisms

and moderators. The mechanisms and moderators dis-

cussed here are those that this review found to have been

investigated to date, but are not an exhaustive list of those

that are possible.

In this review, recent research that generally examines the

effects of WE on climate attitudes and behaviors is dis-

cussed in the section ‘The effects of weather experiences’,

with subsections that discuss the topic in progressively

greater depth and breadth. Three potential mechanisms by

which these effects may occur (affect activation, increasing

issue salience, and decreasing psychological distance) and

research germane to them are overviewed in the section

‘Mechanisms of the effects of weather experiences’. Three

categories of potential moderators (media attention, moti-

vated reasoning, and event attribution) of WE’ effects on

climate attitudes are reviewed in thesection ‘Moderatorsof

the effects of weather experiences’. Lasly, in the section

‘Windows for climate policy action generated by weather

events’, recent work on the potential for WE to open policy

windows to advance climate mitigation and adaptation

policies is considered, and concluding remarks are offered

in the final section. This review focuses primarily on

studies published in the past two years and aims to provide

a concise view of current research on the effects of

WE on climate attitudes, rather than a comprehensive

overview.1
ed, see Appendix A.
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The effects of weather experiences
Detecting abnormal weather

Past research has shown that people can accurately detect

some abnormal weather events, but often can be aided by

information that conveys objective accounts of weather

abnormalities [16–20]. Shedding more light on this ques-

tion, Wang and Lin [21] report that Chinese participants

correctly perceived a strong typhoon event as abnormal,

but only marginally detected abnormally hot summer

temperatures as unusual. Marlon et al. [12] find that

Floridians were able to detect changes in precipitation,

but were unable to detect five-year increases in tempera-

tures. They suggest that individuals might not reliably

detect long-term changes in climate patterns, thus expert

interpretations may be helpful to the public.

Effects of temperature abnormalities

Weather experiences come in a variety of forms, and

much research has focused on if experiences with tem-

perature abnormalities affect climate attitudes. Effects of

changes in temperatures, which are usually quantified as

temperature abnormalities (differences from historical

averages) rather than untransformed temperature mea-

surements, have been documented in several studies (e.

g., Refs. [8,9,22,23]). Looking at this phenomenon with a

wide geographic scope and time range, Bergquist and

Warshaw [24��] conducted an analysis aggregating 170 U.

S. polls fielded from 1999 to 2017. They report that

climate concern modestly responds to annual changes

in state-level temperatures. Similarly, but with a focus

on twelve European countries, Damsbo-Svendsen [25�]
found that temperature abnormalities of two standard

deviations can strengthen climate opinions by 0.5–1%

in European populations. Larcom et al. [26] looked at the

association between experiencing extreme temperatures

and self-reported pro-environmental behaviors in U.K.

citizens following a heatwave and found a positive but not

statistically significant relationship.

Effects of weather events beyond temperature

abnormalities

Evidence that weather experiences beyond temperature

abnormalities affect climate attitudes has also been

reported [27–30]. Several recent papers have examined

the effects of flood experiences in additional depth. Alb-

right and Crow [31] analyzed survey data from six Color-

ado communities that were previously flooded, and find

that the perceived extent of neighborhood and commu-

nity damage was positively associated with belief in

climate change. They find little evidence that the extent

of personal flood damage experienced affected climate

attitudes. The effects of wildfires have also been studied

in recent work [32,33��]. Lacroix et al. [32] report that

exposure to forest fires is correlated with higher climate

risk perceptions, especially for individuals with stronger

perceptions of scientific agreement on climate change.

Shao and Hao [34] examined associations between
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experienced climate extremes (i.e., heat, precipitation,

and drought events which were extreme but not neces-

sarily abnormal for each area and time of year) and self-

reported concern about climate change using a nationally

representative dataset from 2016 and found no evidence

of a significant association. Cutler et al. [35] similarly did

not find evidence of an association between climate

extremes and belief in climate change in a separate U.

S. nationally representative survey dataset.

Behavioral effects of weather experiences

The majority of research to date has focused more on

what affects attitudes than on what affects behaviors.

Ultimately, changes in behavior are needed to mitigate

and adapt to climate change [36]. To study this, analyzing

direct measurements of behavior is useful as self-reports

of behaviors can be inaccurate [37]. In a meta-analysis of

factors motivating adaptation behaviors, van Valkengoed

and Steg [38] find experience with a variety of natural

hazards to have a small positive association with behaviors

on average, with substantial heterogeneity across studies.

A few papers to date have directly measured behavioral

outcomes of WE. For example, Osberghaus and Demski

[39] analyzed the effects of flood experiences on internet

searches about green electricity in Germany. They find a

positive effect of flood experiences for moderately

affected regions, but report that the effect drops to zero

when damage is very high. Osberghaus and Demski

suggest this inverted-U pattern may be due to budget

constraints resulting from greater damage or from psy-

chological mechanisms such as denial or fatalism. Choi

et al. [40] examined some aggregate behavioral measures

in the form of Google searches about climate change and

purchases of carbon-intensive companies’ stocks. They

find that both of these measures of aggregate behaviors

are positively associated with abnormally high

temperatures.

Hazlett and Mildenberger [33��] examined the effects of

experiences with wildfires on votes for climate-related

policy measures. They find that proximity to wildfires

increased support by five to six percent for those living in

Democratic-voting areas in the direct vicinity of wildfires,

while the effect diminished to near zero beyond a dis-

tance of 15 km. These notably large effects on political

outcomes may indicate there is substantial potential that

is ordinarily unrealized for leveraging abnormal weather

events to affect behavior. Most past studies look at effects

that occur naturally, that is, resulting from matter-of-

course media coverage and individual attention to WE.

However, during an election cycle there can be large

communication efforts discussing recent WE to draw

public attention to climate change. Such strategical

leveraging of WE may result in substantially larger

impacts on climate attitudes and behaviors than would

ordinarily manifest.
www.sciencedirect.com
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Mechanisms of the effects of weather
experiences
The findings discussed so far that WE can positively

affect climate attitudes and behaviors lead to the ques-

tions of what the underlying mechanisms and moderators

of these effects are. In this section, literature organized by

three potential mechanisms is reviewed. In the section

‘Moderators of the effects of weather experiences’, three

potential moderators that past research has investigated

are discussed.

Affect activation

It has been posited that experiencing affect associated

with climate change (in other words, affect activation) is

an important prerequisite to climate risk perceptions and

climate behaviors [5]. Past research has brought forth

some confirming evidence of this [41,42]. Experiences

with extreme weather can elicit emotional responses [43];

therefore affect activation may be an important mecha-

nism of the effect of WE.

Shedding light on the role of affect, Bergquist et al. [44]

conducted surveys with Florida residents before and after

Hurricane Irma in 2017. They asked participants how

strongly they felt different negative emotions when they

thought about climate change and found that participants

reported stronger negative emotions toward climate

change after the hurricane, in addition to willingness to

pay higher taxes for the sake of the environment. They

conducted an exploratory mediation analysis and report

that higher negative emotions were associated with

increased willingness to pay for some participants.

Demski et al. [43] conducted a similar mediation analysis

using survey data from U.K. residents concerning a major

flood event. They find that negative emotions mediated

the effects of flood experiences on increased behavioral

intentions to adapt to and mitigate climate risks. Inter-

estingly, emotions did not similarly mediate the signifi-

cant effect of flood experiences on increased policy sup-

port. This indicates that support for climate change

policies may be less affect-driven.

In a conceptually related project, Ogunbode et al. [45]

analyzed survey data collected after severe flooding in the

U.K. They find that citizens’ coping abilities moderate

the relationship between flooding experiences and nega-

tive emotions and thereby attenuate the link between

flooding experiences and climate change mitigation

intentions. Ogunbode et al. use the term the ‘resilience

paradox’ to describe the finding that psychological resil-

ience to experiencing extreme weather events can trans-

late to curtailed motivation to take action on climate

change.

This shows that the role of emotions is more complex

than serving as simple pathways to desired outcomes,
www.sciencedirect.com 
thus more research is needed to provide a full view of the

role of affect activation [46].

Issue salience

Another way that WE may affect climate attitudes and

behaviors is by increasing the salience of the issue to the

public [47]. Issue salience is the extent to which climate

change is particularly noticeable or top of mind to the

public. Boudet et al. [48�] recently conducted a compara-

tive-case analysis of 15 communities that underwent

extreme weather events. They show these events

prompted community discussions about the events’ links

to climate change in 9 out of 15 communities. Demski

et al. [43] also find evidence that weather experiences can

have effects on climate attitudes through increasing the

salience of the issue of climate change.

Psychological distance

The psychological distance of climate change is some-

times cited as a reason for the lack of concern and action

on climate change in the public [49]. Psychological dis-

tance is a construct composed of spatial distance, tempo-

ral distance, social distance, and certainty that an event

will occur [50]. Directly experiencing impacts of weather

events may lessen the sense of distance to climate

impacts, making the issue of climate change feel closer

to home. Ogunbode et al. [51] find that citizens who were

directly affected by a flood showed higher climate change

concern compared to those who experienced local flood-

ing but were not directly affected (e.g., damage to per-

sonal property). In a study of 10 U.S. communities that

experienced extreme weather events, Zanocco et al. [52]

report that personal harm moderated the relationship

between ideology and climate attitudes, indicating that

conservatives who feel personally harmed are more likely

to support climate policies. Reckien and Petkova [53]

similarly find in a sample of New York City residents that

being previously harmed by extreme weather events

strongly predicted participants’ sense of climate adapta-

tion responsibility. In contrast, Lujala and Lein [54]

report that Norwegian participants who underwent a

natural hazard event were less concerned about climate

change compared with those without such experiences.

Moderators of the effects of weather
experiences
Media attention

As described above, people appear able to detect some

abnormalities in weather they experience, but not all.

Media coverage of weather events may be necessary in

some cases for WE to affect climate attitudes and beha-

viors [55,56]. Consistent with this, Carmichael et al. [11]

report significant positive associations between public

perceptions of climate change and quarterly news media

coverage of it. Examining the tendency for media to

respond to weather abnormalities, Pianta and Sisco [57]

analyzed news coverage of climate change in the
Current Opinion in Environmental Sustainability 2021, 52:111–117
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countries of the European Union from 2014�2019. They

show that temperature abnormalities significantly predict

increased media coverage of the issue. Since media

attention to climate change can substantially influence

climate attitudes [58], the varied responsiveness of the

media to different weather events could be a reason for

the mixed results found in the literature on the size of

WE’ effects on climate attitudes and behaviors. Some

research has begun examining how and when journalists

decide to draw connections between climate change and

extreme weather events [59,60].

Motivated reasoning

Several studies have shown that prior climate attitudes

and partisanship are associated with the recall of past WE

and the effects of WE on climate attitudes [16,32,61–63].

This phenomenon is often described as motivated rea-

soning, where past beliefs and motivations to confirm

them lead to biased processing of information to uphold

those beliefs [64,65]. In the case of climate change, past

beliefs can be strongly associated with partisanship, with

liberal ideological views positively correlating with belief

in climate change [66]. Along these lines, Lyons et al. [13]

find that self-reported experiences with droughts and

polar vortex events are positively associated with Demo-

cratic political orientation. Howe [67] shows similar evi-

dence that prior beliefs about climate change have large

positive effects on perceptions of seasonal temperatures

in a national sample of Norwegian citizens.

Attribution of events

Another potential precondition for WE to affect climate

attitudes is individuals attributing the cause of the events

to climate change. Citizens heterogeneously attribute

extreme weather events to being caused by climate

change for several reasons [68]. Ogunbode et al. [69] find

that personal experience with flooding only predicted

perceived threat from climate change and climate miti-

gation responses for individuals who subjectively attrib-

uted the flooding to climate change. Hoogendorn et al.
[70] show that attribution of climate change to human

causes is associated with perceived consequences of

hurricanes experienced by people.

Windows for climate policy action generated
by weather events
Research on the effects of WE on climate attitudes, and

the mechanisms and moderators related to them, gener-

ates knowledge that can be used to strategically encour-

age climate behaviors. An important way that this may

manifest is by leveraging occurrences of WE as windows

for policy action. Providing some guidance on this, Gior-

dono et al. [71�] studied the cases of 15 communities who

experienced extreme weather events to see under which

conditions climate policy adoption occurs after events.

They suggest that a necessary condition for policy adop-

tion to occur is a high level of impact from the weather
Current Opinion in Environmental Sustainability 2021, 52:111–117 
event experienced. The findings of Hazlett and Milden-

berger [33��] that wildfire exposure can increase votes for

climate policies, discussed above, also illuminate promis-

ing potential for WE to galvanize public support for

climate policies.

Conclusion
Much research on the effects of WE on climate attitudes

and behaviors has been undertaken to date. Past papers

have employed a wide variety of operational definitions of

weather experiences, dependent variables, study popula-

tions, and research designs which has likely led at least in

part to the overall mixed results observed [3,4,72]. Recent

research focused on in this review has continued shedding

light on the potential for WE to impact climate attitudes

and behaviors, plausible mechanisms by which this can

operate, and possible moderators that determine if effects

of WE on climate attitudes manifest.

In sum, a variety of WE appear to have potential for

affecting climate attitudes and behaviors. A main contri-

bution of this review is its organization of recent literature

into potential mechanisms and moderators of relationship

between WE and climate attitudes and behaviors. Three

plausible mechanisms include affect activation, issue

salience, and psychological distance. Some variables seem

to moderate the effects of WE on climate attitudes

including media attention to weather events, pre-existing

climate attitudes, and attribution of events to climate

change.

Several future directions may add novel perspectives on

the effects of WE. It could be beneficial for future work to

involve more qualitative methodologies, as has also been

called for in past reviews [3,4]. Some research on how WE

affect climate attitudes has been conducted with non-

Western populations, but it still represents a minority of

the literature. More work could be done with culturally

diverse samples to show which findings are generalizable

across cultures and how WE can affect climate attitudes

and behaviors across the global population [3]. To date,

research has primarily examined the naturally occurring

effects of WE on climate attitudes and behaviors. It may

be fruitful for future research efforts to systematically

evaluate the potential for strategically leveraging WE to

motivate climate action in the public.
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Appendix A. Article Search Method
Articles to be included in this review were found primar-

ily through searching the Google Scholar database. I

created and used the following Boolean search:

(‘climate change’ OR ‘global warming’) AND (‘attitude’

OR ‘behavior’ OR ‘belief’ OR ‘concern’ OR ‘worry’)

AND (‘weather’ OR ‘temperature’ OR ‘hurricane’ OR

‘flood’ OR ‘hail’ OR ‘storm’ OR ‘heat’ OR ‘wildfire’ OR

‘tornado’ OR ‘wind’ OR ‘cold’ OR ‘drought’).

All papers in the first 25 pages of search results (ordered

by relevance) were considered to be included in this

review. Papers were also found by examining the refer-

ences of relevant papers found in the search. To be

centrally included in this review, papers needed to meet

the following inclusion criteria:

a) Be published in a peer-reviewed academic journal (I

did not include conference publications or opinion

pieces).

b) Examine the effects of experiences with extreme or

abnormal weather on measured climate change atti-

tudes, beliefs, or mitigation/adaptation behaviors gen-

erally construed.

c) Be published after September 1st, 2018 and before

September 1st, 2020 (the end date of the search for

papers to include).
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