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Abstract

Both climate scientists and non-scientists (laypeople) attribute extreme weather events to
various influences. Laypeople’s attributions for these events are important as these attribu-
tions likely influence their views and actions about climate change and extreme events.
Research has examined laypeople’s attribution scepticism about climate change in general;
however, few climate scientists are familiar with the processes underpinning laypeople’s
attributions for individual extreme events. Understanding these lay attributions is impor-
tant for scientists to communicate their findings to the public. Following a brief summary
of the way climate scientists calculate attributions for extreme weather events, we focus
on cognitive and motivational processes that underlie laypeople’s attributions for specific
events. These include a tendency to prefer single-cause rather than multiple-cause explana-
tions, a discounting of whether possible causes covary with extreme events, a preference
for sufficient causes over probabilities, applying prevailing causal narratives, and the influ-
ence of motivational factors. For climate scientists and communicators who wish to inform
the public about the role of climate change in extreme weather events, these patterns sug-
gest several strategies to explain scientists’ attributions for these events and enhance pub-
lic engagement with climate change. These strategies include showing more explicitly that
extreme weather events reflect multiple causal influences, that climate change is a mecha-
nism that covaries with these events and increases the probability and intensity of many
of these events, that human emissions contributing to climate change are controllable,
and that misleading communications about weather attributions reflect motivated interests
rather than good evidence.
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1 Introduction

Both climate scientists and non-scientists (laypeople) attribute extreme weather events to
causal influences. More specifically, both groups make inferences with respect to the con-
tribution of anthropogenic climate change and natural processes to these events. Laypeo-
ple’s attributions for extreme weather events are important as they may shape laypeople’s
decisions whether to mitigate climate change by reducing their greenhouse gas (GHG)
emissions, and how to adapt to the potential destructive impacts of extreme weather events
by moving house or changing their lives and livelihoods. These lay attributions are also
important in the political sphere, as extreme events have significant costs and people’s
attributions for these events could determine who ends up bearing the costs associated with
the changing climate. The assignment of ultimate pecuniary liability has ethical, political,
and legal components, and the public’s view on the cause and ‘who or what is to blame’
can shape all of these dimensions directly and indirectly through their influence on the
political process. People’s judgments of blame reflect their personal beliefs as well as their
causal attributions for events (Alicke 2000).

Thus, laypeople’s attributions for extreme weather events (hereafter EWEs) are likely
to mediate between these events and people’s climate change engagement. For example,
a community may need to decide whether to relocate after a damaging storm (a managed
retreat) and who should be paying for it, and their decision is likely to reflect their own
attribution for the event, rather than the rigorous scientific view about it. Recent analysis
has considered ways in which weather forecasting service providers should approach the
task of EWE attribution (Stone et al. 2021). However, without an understanding of laypeo-
ple’s EWE attribution rather than climate scientists’, it may be difficult to create appropri-
ate political and individual responses to climate change.

Social science research has shown that laypeople’s views about climate change inter-
twine with their political and religious beliefs, and that laypeople live in information silos
where they exchange messages that reinforce their beliefs (Moser 2016). Other research
has shown how biases in laypeople’s judgment and decision-making such as the availa-
bility bias affect their perceptions of climate change (e.g. Fischhoff 2021). For example,
laypeople often misunderstand confidence intervals unless these are expressed clearly in
communications that avoid phrases like ‘at least’ to indicate a lower boundary of the inter-
val (van Oldenborgh et al. 2021). Research has also shown that the framing of risk com-
munications shapes people’s perception of events. As noted by Lidskog and Sjodin (2015),
‘The framing of an event establishes whether it is seen as hazardous or harmless, natural
or man-made (sic), preventable or inevitable, and .... whether action is needed and, if so,
what kind of action and by whom’ (p. 154).

An example is framing climate change as a climate crisis or emergency rather than
global warming (the latter can sound benign in colder climates). Climate science commu-
nications can also frame the perceived costs of adaptive actions as forgone benefits, which
enhances laypeople’s willingness to act (Hurlstone et al. 2014). Other strategies include
climate myth inoculation (Cook 2019; Farrell et al. 2019) and communicating the co-ben-
efits of mitigation actions to climate change deniers (Bain et al. 2016). All these lines of
research are extremely useful; however, they do not draw on research on laypeople’s nor-
mal patterns of attribution.

More relevant to this attribution question is research on laypeople’s scepticism about
climate change. This work has shown that a key constituent of this scepticism is the belief
that the changing climate in general is not caused by human activity (Hornsey et al. 2018;
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Poortinga et al. 2019). These sceptics include deniers, who see the changing climate as
associated solely with natural causes rather than human activity, and doubters, who are
unsure of the cause(s) of climate change (Haltinner and Sarathchandra 2021; Rahmstorf
2004). This scepticism about climate change relates to laypeople’s political ideology, envi-
ronmental attitudes, demographic variables, and conspiracy ideation (Hornsey et al. 2016,
2018; Milfont et al. 2015; Poortinga et al. 2019). This research is valuable in revealing
citizens’ views about climate change in general, but it does not reveal the cognitive and
motivational processes that underpin laypeople’s attributions for specific extreme events
such as the 2022 summer drought in continental Europe, or recent fires in California. This
omission limits the tools that science communicators can use to address laypeople’s attri-
butions for specific weather events.

The key issue is that few researchers have examined how laypeople’s attributions for
specific events might shape their understanding of EWEs (for partial exceptions, see Han-
nart et al. 2016; Kumagai et al. 2004). In response to this important gap in the literature,
here, we describe common patterns in lay attributions for events. As there is little research
on lay attributions for EWEs, our discussion draws on lay attributions for events in general.
An understanding of these lay attributions may enable climate scientists and communica-
tors to communicate their own attributions for EWEs more persuasively. This strategy may
enhance citizen’s engagement with debates about climate change mitigation and adapta-
tion, and may prevent them from either losing interest or losing hope (Bostrom et al. 2013;
McClure 2017). Before concentrating on our primary topic of patterns of lay attributions
for events in general, we briefly summarise climate scientists’ attributions for EWEs.

2 Climate scientists’ attributions for weather events

Since the first Intergovernmental Panel on Climate Change (IPCC) Report in 1990, cli-
mate scientists have been claiming, with increasing confidence, that the intensification of
GHG emissions influences the frequency and intensity of hurricanes, heatwaves, droughts,
and other EWEs. Initially, scientists lacked adequate tools to estimate the role of climate
change in the occurrence of specific events (e.g. a hurricane hitting the coast near Houston,
Texas). Only recently, following the approach described in Allen (2003) and Stott et al.
(2004), have climate scientists been able to quantify climate change contribution to specific
weather events, described as the science of extreme event attribution (EEA) by the National
Academies of Sciences, Engineering and Medicine, hereafter NASEM (2016). Early work
applied this strategy to the UK flood of 2000 and the European heatwaves of 2003 and
2010 (Otto et al. 2012; Pall et al. 2011; Stott et al. 2004). Herring et al. (2020) document
2018 events, and more recent studies investigated events such as the Pacific Northwest
heatwave of 2021 and the June 2022 European heatwave. Climate scientists can now show
which of these specific events were made more or less likely or severe by anthropogenic
climate change (Osaka and Bellamy 2020; Stott et al. 2016).

The science of EEA aims to distinguish the contribution of climate change to an extreme
event from the normally prevailing climate and the random variability of the weather. The
methods that climate scientists use for this research are well described elsewhere (Hannart
et al. 2016; James et al. 2019; Lidskog and Sjodin 2015; NASEM 2016; Stott et al. 2016),
and are only mentioned here, since our focus is on lay attributions. In brief, climate scien-
tists use two main sources of information to understand EWEs (NASEM 2016). The first is
the observed historical record, which can show whether the probability or intensity of such
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events has changed significantly over time. However, rarely is this record long and accurate
enough for robust conclusions about the role of climate change in these events. This role,
however, can be inferred by using a second source of information, namely, climate models
that simulate extreme events and study the effects of changing inputs into the model (e.g.
changing the levels of GHGs). These modelling studies calculate the probability that a spe-
cific weather event would occur with and without these changes, to make inferences on the
role of climate change (Stott et al. 2016). This modelling is more accurate for events more
directly affected by climate change (e.g. heatwaves) than events with more contributing
factors (e.g. the natural and human triggers in wildfires, besides ambient heat) (Harrington
et al. 2022). An alternative method to calculating probabilities uses a ‘storyline’ approach
to extreme events that examines the role of each factor contributing to each event as the
event unfolded, much like an accident investigation (Shepherd 2016; Shepherd et al. 2018).

The higher frequency of EWEs in recent years reinforces the importance of the research
on these events, which can inform both public perceptions and government action with
respect to climate change mitigation and adaptation (James et al. 2019). Indeed, evidence
on how human actions are changing the climate system is important in relation to lay attri-
butions because it is the linchpin on which public policies dealing with compensation,
adaptation, and mitigation depend (Harrington et al. 2022). Scientific information about
EEA is also useful to the insurance industry, to litigators who take action against large
GHG emitters by quantifying attributable damages, and to policy makers developing strate-
gies for climate adaptation and disaster risk reduction (Harrington et al. 2022; Stott et al.
2016). The following sections clarify ways in which communications about EWEs could
be enhanced by understanding how laypeople react to these scientific messages and derive
their own attributions for EWEs.

3 Communicating EEA: the issue of variability in scientific messages

One key aim of EEA is to provide a scientific perspective on local extreme events that
communities can use to form mitigation and adaptation policies (Allen 2003). A challenge
with this goal is that different climate models may arrive at different calculations about the
changing likelihood of EWEs (NASEM 2016; Osaka and Bellamy 2020). Because of this
variability in the calculated probabilities (the ‘Fraction of Attributable Risk’) due to differ-
ences in climate models, climate scientists sometimes disagree on whether a given extreme
event can be attributed to climate change. This variability may affect laypeople’s and policy
makers’ understanding and engagement with climate attribution science. If the consensus
among climate scientists about climate change is a key factor that has convinced laypeople
of the reality of climate change, a lack of consensus about EEA within the science com-
munity may undermine laypeople’s and policy makers’ confidence in these attributions and
their engagement with mitigation and adaptation actions (Osaka and Bellamy 2020; Stott
et al. 2016). This is because many laypeople wrongly believe that scientists must agree on
every point for an issue to have scientific merit (Bucchi and Trench 2021).

To illustrate, in research on the effects of communicating EEA to laypeople, Osaka and
Bellamy (2020) examined the effects of reporting the findings of EEA science to two focus
groups, one of laypeople and one of stakeholders including policy makers and NGO repre-
sentatives. Using the 2011-2017 California drought as an exemplar, the researchers presented
several models of EEA using different formulae employed by climate scientists. Many partici-
pants in both groups viewed climate change as a secondary factor in the California drought,
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but others had not heard of EEA or doubted that scientists could link the drought to anthropo-
genic climate change. Even participants who were familiar with EEA believed that the science
was still too uncertain. In the laypeople’s focus groups, the divergent EEA results led many
participants to revert to their prior beliefs that the role of climate change in the drought was
secondary and to doubt that the EEA science could explain specific weather events. Policy
makers also remained ambivalent about the usefulness of EEA.

These results suggest that while EEA holds interest for scientists, it is not yet widely accepted
and applied by stakeholders nor more broadly by laypeople, and may even counterproductively
reinforce views that climate change plays a minor role in most EWEs. This outcome reinforces
the importance of understanding laypeople’s attributions for events. In addition, science com-
municators need to clarify that scientific knowledge evolves as new evidence is discovered and
is not fixed like ideological beliefs. There is a clear analogy with the COVID-19 pandemic,
where scientists have changed some of their messages in response to new findings. Laypeople
may see these changes as showing a lack of consensus among scientists, as noted above, but
scientists normally adjust their views with the emergence of new data, and see that responsive-
ness to new evidence as a fundamental strength of the scientific method (Lewis 2020).

4 Laypeople’s attributions for events

Like scientists, laypeople explain actions and events in their lives; and these lay attribu-
tions are important for people to understand and predict their environment. Researchers in
both psychology (Forsterling 2001; Weiner 2018) and law (Hart and Honore 1985; Moore
2009) have sought to model these lay attributions for events and actions. Initially, classi-
cal psychological theories of attribution assumed laypeople are like scientists, and follow
a more or less normative model of causal inferences. However, more recent models of lay
attribution were developed to explain departures from such normative models. Although
these models of lay attribution were developed independently of EEA science, they may
provide guidance about ways to communicate EEA science to laypeople who lack scientific
training. We do not present a full review of all research on laypeople’s attributions here, as
this would fill a book (Forsterling 2001; Weiner 2018); instead, our goal is more theoreti-
cal in describing some key aspects of lay attributions that we believe are relevant to EWEs.
We also suggest how science communicators may use this knowledge to influence citizens’
attributions for EWEs. Rather than simply giving laypeople more information, which may
overload or confuse them, these strategies entail communicating more precise messages
that target lay attribution in specific ways. These strategies are summarised in Table 1 and
elaborated in the sections below.

4.1 Multiple versus single causation: how many causes do laypeople infer?

The scientific understanding of EWEs recognises multiple causal influences. For exam-
ple, NASEM (2016) suggests ‘many conditions must align to set up a particular’ extreme
weather event (p. 28). Likewise, classical psychological theories of causal attribution pro-
posed that laypeople use multiple causes to explain an extreme event, although they tend
to invoke a single cause and discount other causes for an ordinary event (Kelley 1973;
Wilkerson and Meyer 2019). For example, these models predict that laypeople may explain
a student’s very high exam mark in terms of his or her ability and effort, though attribute a
student’s average mark to a single cause of either the ability or effort (McClure 1998).

@ Springer



Climatic Change (2022) 174:22

22 Page6of17

uonNQINIE JUIAS QWX ‘YF4 ‘S3SeT 9sNOYUAIS ‘OO (JUIAD JYIeaM SWANX ‘TMA

9[A)SOJI] JUSLIND UTRIUTEW O} SIISOP ‘S)SATAUI PAISOA 370
19AT)OW/20IN0S INO [[9dS pue UOIBULIOUISIW AFU[[eYD)
a8ueyd arewIo
ur (SUOISSIWD HHD) "3°9) SISNED [QR[[ONUOD JO S[0I A}
ULIJe {S9ATJelIeU 9sn ‘S[opow [ejuow s ,ojdoadAe] mo1aay
SUOISSIW HHO Moy)m pauaddey aaey 03 A[ayIun
ST JUAAQ X S0 :S[en)or}IoIUNOd Jo adueytodwr AJirer)
Surdeosa woiy jeay
sjuaAaxd Jey) y)Jeo ) punoJe Joyue[q, ses e 9Jeard
SUOTSSTUID HHD) "S°0 :SUII) AB[ UT SWISTUBYOIW dQLIOSA(]
sosned Iayjo
JOU ‘SUOISSIWR DD UI SISBAIOUT WOIJ SMO[[0] dFUBYD
QJeWIT[O JUALIND "§°9 :SuIIa) AB[ UT UONBLIBAOD AJIIR[D)

afewep oyenbyires ‘1a0uLd
*8+9 :paydadoe arow are sasned (AN AIAYM SJUIAD
im sardofeue asn SygH Ul s1030e) odnnu no jodg

(020 191193 pue weyeIn
{610T Y00D) suonnqLe uo 109J3 Suons sey UOHRANOIN

(L10T 9D *€10T e 19
wonsog) SASNED J[R[[ONUOI A3 JIWO S[OPOW [BIUSIA

(6007 17e3d ‘BL00T ‘T 12 2m[DIN) sanI[Iqeqoid
TenjoeJIa1unod JUNOJISIp pue sasned Juardyjns I9jald

(9L00T 'Te 19 AIM[DIN S10T
Uy pue UOSUYO[) UOTIELIBAOD O} SWSTUBYOIUW JOJoId

(z10t
ZIeMUPDS $/96] AS[[93]) UOTIBIIEAOD JOOIAAO UJO

(L00T 0zoIquo]
‘€161 Ka[[o3]) suoneuedxa (asned 9[3urs) ojdwis 1ojoig

UOTJBUWLIOJUISIW PUE UOIIBATIOW JO QOUNPU] 'G

sasned Jo AJ[IQR[[OIUOD ‘SIATJELIBU ‘S[APOW [BJUSA] “{
$1091J0 [ESNED JUAIDLFNS PUE [EN)IBFIOIUNOD) ¢

(Qwo9INo UAAIS o)
0} peo[ 1B} SIUOAD) SWISTUBYOIW [BSNED JO 90UNPU] "q7

(S1U9A9 pue Sasned
U99M]2q SUOTIB[II0D) UOTIBLIBAOD JO 20UANYU] "BY

SasNed Jo Joquiny ‘|

AMH 10 suonnqrIie SUSZNIo 9UINYPUI 0} SAISAeNS

suonnqre (Key) suazni)

SHMH 0] SUOIINQLINE SUIZIID JOUINUI 0) SAITILI)S UONUIAINUI P2Isa33Nns YJIm ‘SJUSAS JOJ suonnqrnie jo suroped Suazni jo Arewwung | 3jqel

pringer

Qs



Climatic Change (2022) 174:22 Page70of17 22

Although there is some support for the classical theory that laypeople invoke multi-
ple causes to explain extreme events (Morris and Larrick 1995; Wilkerson and Meyer
2019), for many extreme events, research shows laypeople prefer a single compelling
cause rather than multiple causes (McClure 1998). For example, to explain Einstein’s
impressive achievements in science, laypeople do not say he was intelligent and worked
hard and had good luck and so on; they just say he was a genius (McClure et al. 1991).
This pattern is more common where questions use open-ended formats that let people
say whatever they think rather than making causal ratings on structured scales. Other
research similarly shows that laypeople often prefer simple attributions with few causes
(Lombrozo 2007; Wilkerson and Meyer 2019) and differ from scientists’ attributions in
overlooking multiple causal influences in events.

The same applies to extreme disasters. For example, when buildings collapse in
earthquakes, scientists recognise that the damage is a result of multiple factors such as
poor building design, the triggering plate movement at the fault-line, how the shock was
propagated through the surrounding soils, and so on. In contrast, most laypeople attrib-
ute the damage simply to the earthquake motion and discount controllable factors such
as building design (McClure 2017). A similar lay over-simplification of the chain of
events is likely to apply to EWEs, where scientists recognise the roles of multiple natu-
ral and anthropogenic factors and assign weights to them (Lidskog and Sjodin 2015). In
contrast, laypeople may prefer a single cause, possibly a cause to which the scientists
assign a lesser weight, and one that is unrelated to climate change.

Rather than attributing an EWE to climate change, laypeople may choose other
explanations (such as natural weather variability), especially causes proximal to the
event (McClure 2017). To illustrate, a rare study on laypeople’s attributions for wildfire
in the Sierra Nevada Mountains (USA) showed that laypeople mostly invoked proximal
events close to the fire, such as lightning, arson, or forest management (Kumagai et al.
2004). They overlooked climate change, which is more of a background or distal factor.
Participants who directly experienced the fires attributed the fires more to forest man-
agement whereas others attributed the fires more to actions such as discarded cigarettes.
In neither case was anthropogenic climate change cited as a cause, an omission that may
reflect the fact that laypeople focus on proximal causes (and possibly that participants
were less aware of climate change at the time of this study).

In sum, laypeople’s preference for simple explanations and proximal causes that
closely precede events may lead them to discount the role of anthropogenic climate
change in EWEs. This observation is linked to the psychological distance of climate
change, manifested in feelings that severe climate impacts are too uncertain, will occur
far away, far in the future, and to people different from oneself (Milfont 2010; Spence
et al. 2012). To address laypeople’s preference for single cause attributions and proxi-
mal causes, science communicators can spell out that EWEs reflect multiple factors and
that attributions for these events that discount anthropogenic GHGs provide an incom-
plete account. Providing a well-accepted illustration of multiple causes may help. Take
smoking and lung cancer as an example. It is nowadays clear to most people that smok-
ing is associated with an increased risk of lung cancer, and equally that there are many
other genetic, behavioural, and environmental factors that contribute to a person getting
sick with this disease. The denialism movement that has eventually lost credence in this
sphere (after many years of massive spending and disastrous delays) may provide a use-
ful comparator to climate change (Oreskes and Conway 2010).
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4.2 Which influences shape lay attributions? 1: Covariation and causal mechanisms

As we noted, classical models of lay attribution proposed that citizens’ attributions use
a logic similar to scientists’. Most notably, lay attributions have been said to reflect the
covariation between possible causes and an event (Kelley 1967; Muschetto and Siegel
2021; Schwarz 2012). This idea implies that laypeople attribute events to those causes
that are present when the effect occurs and absent when the effect does not occur. This
model was construed in terms of attributions for human actions but can be extrapo-
lated to physical events such as earthquakes (McClure 2017). When applied to climate
change, this model suggests that the consistent covariation between anthropogenic GHG
emissions and the subsequent rise in global temperatures across locations should lead
laypeople to realise that the emissions are influencing the global temperatures. That
other possible influences do not co-occur with global heating (i.e. the relationship to
GHGs is distinctive) should enhance laypeople’s attribution of the heating to GHGs.
Although this model has not been applied to lay attributions about EWEs, research on
attributions in other spheres suggests that laypeople use the covariation principle when
they are given the relevant causal information, such as the consistency between a poten-
tial cause and effect (see, e.g. Maris and Hoorens 2014).

Nevertheless, a potential issue about using the covariation principle in climate EWE
communication is that the temperature increase may show a delay after the GHG emis-
sions, and this delay is one of the things that makes climate change more difficult to
comprehend for laypeople, who link causal effects to sequences with a short time lapse
and to proximal causes (Michotte 1963; Moore 2009; Pawlik 1991). Also, since climate
change (as high GHG levels in the atmosphere) is now always present, covariation with
GHGs may have a weak effect on citizens’ perception of EWEs and they may not attrib-
ute these specific events to climate change. To make use of the covariation principle in
climate change communication, scientists may need to spell out more clearly that EWEs
increased in frequency in recent years and at the same time we have experienced an
upswing in GHG emissions.

However, there is an additional issue. Laypeople may not use covariation systematically
in their spontaneous judgments, and people often lack covariation data or simply ignore it,
partly because they often need to make quick causal judgments (Schwarz 2012). In such
cases, laypeople use single cause explanations as described in the previous section and pre-
fer explanations that include a mechanism that explains why an effect occurs (Johnson and
Ahn 2015; McClure et al. 2007b). Regarding climate change, scientists have well-devel-
oped theories that spell out mechanisms whereby GHG emissions contribute to EWEs. For
example, global warming leads to ocean warming, which increases moisture in the atmos-
phere, which in turn leads to higher rainfall during powerful storms and hurricanes (Walsh
et al. 2019). Laypeople who lack scientific knowledge may not comprehend these chains
of mechanisms affecting such extreme events, so their determinations of attributions may
not reflect this knowledge. However, laypeople can understand mechanisms that are clearly
communicated, and they seek mechanisms that explain events (Johnson and Ahn 2015); so
laypeople’s limited knowledge of the science may be surmounted by clear communications
of these mechanisms using minimal jargon.

In sum, to engage laypeople’s understanding of covariation and mechanism informa-
tion relating to EWEs, climate scientists and communicators can point out that recent
extreme events covary with GHG emissions over a long time period, and more than
other possible causal influences that laypeople may invoke, such as natural cycles.
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However, since laypeople are more convinced by mechanisms than covariation informa-
tion, scientists can link covariation to causal mechanisms and explain how the increase in
GHG emissions traps gases in the atmosphere and creates conditions that explain patterns
of EWEs. This account represents a more plausible explanation of the changed frequency
and intensity of these events than natural influences on their own. Of course, many sci-
entists are already communicating covariation and mechanism information about extreme
events, but understanding how laypeople make attributions, particularly their preference for
mechanisms, could sharpen these communications. Obviously, these attributions need to
be phrased in jargon-free terms laypeople can understand.

4.3 Which influences shape lay attributions? 2: Counterfactuals, probabilities,
and sufficient causes

In addition to downplaying covariation between causes and effects, many laypeople do not
realise that climate scientists’ claims about climate change invoke counterfactual proba-
bilities (Hannart et al. 2016; NASEM 2016). Counterfactual reasoning is used because all
weather events reflect multiple causal influences and counterfactual probabilities clarify
how likely a given event is to have occurred in the absence of climate change—and GHGs
(Pearl 2009; Roese and Epstude 2017). Climate scientists use counterfactual probabilities
to point to the role of climate change in many EWEs. That is to say, the science of EEA
says ‘had there been no climate change, this extreme weather event probably would not
have happened or would have been less intense’ (e.g. see Otto et al. 2012). Climate scien-
tists do not claim that climate change is a sufficient cause—that is, causes that are always
followed by EWEs.

Counterfactual probabilities relate to necessary causes, which are causes without which
an effect would not occur. Some climate scientists see necessary causes as a proxy for
counterfactual probabilities in analyses of extreme events (Hannart et al. 2016), although
other climate scientists avoid this causal phrasing (NASEM 2016). Hannart et al. (2016)
claim some climate scientists do not spell out the probabilistic nature of their extreme
event attributions, and laypeople mistakenly think scientists are implying climate change is
a sufficient explanation of these events. In particular, Hannart et al. (2016) state that ‘it is
important to distinguish between necessary and sufficient causality. Such a distinction is, at
present, lacking in the conventional event attribution framework. Any time a causal state-
ment is being made about a weather or climate-related event, part of the audience under-
stands it in a necessary causation sense, while another part understands it in a sufficient
causation sense, which can give rise to many potential misunderstandings’ (Hannart et al.
2016, p. 108).

This point is important because laypeople differ from scientists in focusing more on
sufficient causes of events than probabilities or necessary causes (McClure et al. 2007a).
Research demonstrating this point used scenarios where causal chains of intentional and
physical events led to a harmful outcome (e.g. a youth setting fire to a shrub, followed
by wind fanning the flames, leading to a forest fire; see Hilton et al. 2016; McClure
et al. 2007a). The research examined whether laypeople’s preference for different attri-
butions of outcomes reflected the counterfactual probability or sufficiency of the attri-
butions for the outcome. Participants judged each attribution for its quality (e.g. ‘How
good is the statement “a youth set fire to the shrub” as an explanation of the fire?’), its
sufficiency (e.g. ‘How probable was it that the forest fire would occur after the youth
set fire to the shrub?’), and its counterfactual probability (e.g. ‘How probable would the

@ Springer



22 Page100f17 Climatic Change (2022) 174:22

forest fire have been if the youth had not set fire to the shrub?’). Participants’ judgments
of the quality of the causes correlated with the sufficiency more than the counterfactual
probability of each cause, suggesting that citizens prefer sufficient causes over coun-
terfactual factors. This focus contrasts with climate scientists’ focus on counterfactual
probabilities to clarify the role of climate change in EWEs.

One reason why laypeople judge the sufficiency of a cause as more important is that
they see the relevance of a cause to an outcome as a key criterion of causality (McClure
et al. 2007a). To illustrate, the presence of oxygen increases the probability of a fire
(and is necessary for fire); but laypeople do not see oxygen as relevant to explain any
given fire—as oxygen is always present, they take it for granted—in contrast to events
like dropping a cigarette (Mackie 1980). As noted above, since GHG emissions and cli-
mate change are now always present, just like oxygen, this feature of climate change
may partially explain why laypeople may not easily attribute EWESs to climate change
(see Harrington et al. 2022).

Even when laypeople do think in terms of probabilities, they judge probabilities dif-
ferently than scientists. Climate scientists’ EEA involves identifying changes in (even
small) probabilities due to anthropogenic climate change. However, laypeople find it
challenging to account for small probabilities (Spiegelhalter 2019). The following
example may clarify the issue. Floods are typically identified as 1 in 100-year events
(most flood hazard maps use this arbitrary threshold to define ‘flood prone’). In making
a scientific EEA, climate scientists may point to a shift of a specific flood likelihood
from 1 in 100 years (1% probability), if there was no climate change, to 1 in 75 years
(probability of about 1.3%) if there is climate change. This is a 30% increase in likeli-
hood, a very significant attributable increase in risk, or a fraction of attributable risk of
0.25 for climate scientists. However, it may look almost immaterial to most laypeople.
In two recent heatwaves, however, scientists have identified a much higher increase in
probability: the Western North America heatwave in June 2021, and the UK heatwave
in July 2022 (Philip et al. 2021; and Zacariah et al. 2022, respectively). For both, the
research suggests that these events may have been ‘statistically impossible’ without cli-
mate change. It is possible that laypeople may judge these probabilities very differently,
based on random salient information.

More broadly, laypeople often exhibit biased judgments of low probability risks, where
salience determines these judgments rather than an informed assessment based on the
existing scientific knowledge (e.g. people’s fear of sharks when compared to the relative
absence of fear from driving cars). For example, those who experienced Hurricane Alicia
in Houston in 1983 may have generalised their salient experience of Alicia, which was
not linked by scientists to anthropogenic climate change, to the case of Hurricane Harvey
in Houston in 2017, thereby erroneously concluding that Harvey is not linked to climate
change, as well.

In sum, concerning different causal influences, science communicators can clarify the
importance of climate change as a counterfactual factor in extreme events, in that these
events are less likely to have occurred in the absence of climate change. Climate scientists
could communicate their knowledge on counterfactual and probable causes of these events
in ways that take account of laypeople’s tendency to think in terms of sufficient causes. For
example, laypeople may think that because natural processes contribute to extreme events,
these processes are sufficient to explain those events. Science communicators could be
explicit about counterfactuals (Hannart et al. 2016) and say ‘We might not have suffered
from this extreme weather had we not caused climate change’. Research shows that most
citizens do understand the concept of counterfactuals, especially after a personal loss (‘If
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only we hadn’t....”; Roese and Epstude 2017), even if they use different terms to those used
by scientists.

4.4 Attributions in context: the role of mental models and narratives

Attributions for events do not occur in a conceptual vacuum. Bostrom et al. (2012) showed
that laypeople’s attributions for events reflect their mental models about these events. Lay-
people’s mental models of climate change may shape their attributions and their support for
actions to mitigate climate change. For example, those who ascribe climate change to natu-
ral causes (such as natural long cycles) favour geo-engineering solutions, whereas those
who see GHG emissions as the main factor support policies reducing emissions (Bostrom
et al. 2012).

In a similar vein, laypeople tend to construct their worldview around narratives (John-
son and Ahn 2015). Shiller (2017) uses the idea of narrative to mean ‘a simple story or
easily expressed explanation of events that many people want to bring up in conversation
or on news or social media because it can be used to stimulate the concerns or emotions of
others, and/or because it appears to advance self-interest’ (p. 968). These narratives spread
and often have important consequences, not only for beliefs, but also for the actions that
follow from these beliefs. In Shiller’s framing, exogenous events (like a recession) lead to
the formulation of these narratives (e.g. a narrative emphasising the importance of thrift).
Once the narrative is created, it can spread like an infectious disease. In the case of EWEs,
a single occurrence of a catastrophic event, say a large wildfire, may lead to the creation
and propagation of a narrative around the causes of that wildfire. These narratives may take
the form of conspiracy theories of climate change denial and then spill into laypeople’s
attributions for specific weather events (Haltinner and Sarathchandra 2021).

Mental models and narratives may highlight either controllable or uncontrollable
causes. When people attribute events to uncontrollable causes, this inference increases
their fatalism about the potential for reducing negative events (Aitken et al. 2011; Weiner
2018). In contrast, when laypeople attribute events to controllable causes, they infer that
the events can be prevented and that actions to mitigate the events are worth taking (e.g.
McClure 2017; Weiner 2018). Laypeople whose causal models recognise that the anthro-
pogenic sources of EWEs are controllable support mitigation policies more than people
who cite only uncontrollable factors (Bostrom et al. 2013).

Notably, it is possible to change people’s attributions to more controllable causes. For
example, in strategies for countering lack of motivation, psychologists work to change
clients’ attributions for negative events from uncontrollable causes (‘It’s impossible to
change’) to more controllable causes (‘I need to work harder on it’), as this shift is effective
in enhancing motivation (e.g. Seligman et al. 2013; Weiner 2018). Psychologists do this by
(gently but consistently) challenging the person’s misleading attributions. Similarly, scien-
tific communication about EWEs can include strategies to enhance attributions to control-
lable GHGs in the chain of events and challenge fatalistic attributions that discount these
factors (Bostrom et al. 2013). This strategy may increase people’s action to mitigate cli-
mate change (Aitken et al. 2011; Lidskog and Sjodin 2015).

More broadly, in regard to mental models and narratives, climate science communi-
cators can apply the ‘storyline’ approach to extreme events which examines the role of
each factor contributing to each event as it unfolded, as in an accident investigation (Shep-
herd 2016). This storyline approach is closer to the way laypeople perceive risk in terms
of narratives than a probabilistic account (Shepherd et al. 2018), and so is more likely to
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influence citizens who in turn influence policy makers (Jezequel et al. 2018). Climate sci-
ence communicators can thus present a storyline narrative in which their attributions for
extreme events are embedded, as a way to tap into laypeople’s way of attributing events.

4.5 Motivated biases in citizens’ attributions

Attribution research shows that while laypeople’s attributions for events partially reflect
cognitive and logical processes, they also reflect motivated reasoning that is very different
to scientific reasoning (Weiner 2018). As a result, laypeople often generate very differ-
ent attributions to scientists—in many domains. As in these other domains (e.g. COVID-
19), laypeople may dismiss scientists’ claims about the role of GHGs in weather events
and claim that these events are wholly due to other causes such as natural variability in
the weather, or random human actions such as arson or flawed forest management (Cook
2019). These lay attributions are fuelled by misinformation such as people claiming that
the 2020 Australian bush fires were primarily due to arson, not climate change. This mis-
information can be exacerbated by bots and trolls on the internet, which further undermine
laypeople’s willingness to engage with climate change issues (Graham and Keller 2020).
Rather than drawing on overall global trends in weather patterns to assess the role of cli-
mate change, some laypeople cite random instances of cold weather as proof that climate
change is not happening (Cook 2019). Thus, some laypeople cherry-pick exceptions and
dispute overall trends (Weber 2016).

Laypeople’s attributions for weather events are subject to diverse motivations. Research
on motivated cognition shows that laypeople process information to fit conclusions that
suit some motive (Braver et al. 2014). Many actions, such as eating meat and driving pet-
rol cars, generate GHG emissions that contribute to climate change; and changing these
practices requires major changes to people’s lifestyles (Gifford 2011). This challenge pro-
vides strong motivation for laypeople to dismiss the idea that human actions such as their
own contribute to climate change and EWEs. Research shows that laypeople in the USA
who choose to live in coastal locations exposed to sea-level rise are more likely to dis-
count climate change (Bernstein et al. 2021; but see Brody et al. 2007; Milfont et al. 2014).
More interestingly, people who live in coasts that have experienced more sea-level rise
are also less likely to believe that the seas are likely to rise more in the near future (Shao
et al. 2020). This bias reflects their motivation to deny the risk. By acknowledging the role
of anthropogenic climate change, people face the realisation that they would incur costs
(either monetary costs, or well-being costs related to changing their preferred habits). This
gives laypeople a strong incentive to believe otherwise, and to attribute EWEs to some
other cause—one that does not entail a significant mitigating cost.

At the extreme end of this, the writer Upton Sinclair noted that ‘It is difficult to get a
man (sic) to understand something, when his salary depends on his not understanding it’
(as cited in Ratcliffe 2016). This is also the case with climate change. Many vocal climate
denialists’ voices have been funded by the fossil fuel industry (Cook 2019). These agents
challenge the consensus among climate scientists on the role of human actions in EWEs
and climate change in general (Cook 2019), and steer many laypeople away from reliable
scientific evidence on climate change.

To counter these motives and incentives affecting lay attributions, science communica-
tors can more clearly identify these motivations that lead some to discount the role of cli-
mate change in EWEs in spite of the scientific explanation of this role, and explicitly point
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to the interests of funders (Cook 2019). Climate science communications could spell out
specific examples of the source of misinformation and the motivation behind it.

5 The broader context of climate change

While the science of attributions for specific weather events is burgeoning, climate sci-
entists can further re-affirm that the evidence for anthropogenic factors in climate change
is beyond scientific dispute and is amply reflected in trends such as sea-level rise. Some
climate scientists argue that given the pervasive effects of anthropogenic factors on the
climate, it makes little sense to talk about whether a single event was affected by anthro-
pogenic influence (NASEM 2016). However, scientific attribution for extreme events pro-
vides ‘an explicit connection between climate science... and the specific event in the news,
making the science concrete in a way that statements about broader trends and future pro-
jections do not” (NASEM 2016, p. 19). Strategies to modify citizens’ attributions for spe-
cific weather events may therefore also reduce people’s scepticism about the anthropogenic
cause of the changing climate more generally.

In addition, extreme weather event attributions in the context of a changing climate are
required for the risk calculations that affect many public policies, such as building codes,
planning, and insurance policies (NASEM 2016; Pastor-Paz et al. 2020; Stott et al. 2016).
There is a need to communicate these attributions to the public in ways that take account
of the processes behind lay attributions. To be effective, these risk communications need
to translate technical concepts and probabilities into terms understood by most laypeople
(Kumagai et al. 2004; Moser 2010; Shepherd et al. 2018). These communications can draw
on research showing which types of extreme events affect laypeople’s attention to climate
change (Sisco et al. 2017).

6 Conclusions

This paper describes factors that have been shown to influence laypeople’s attributions for
events. It then spells out how this understanding might enable climate scientists to commu-
nicate the science of EEA more effectively by tapping into the way laypeople infer causes
for events. This also applies to science media who play a key role in communicating sci-
ence to the general public (Moser 2016). This paper has introduced the topic and suggested
some key relevant concepts and strategies. To highlight the main points, we suggest that
laypeople may typically say EWEs have always happened and are caused by ‘natural’ pro-
cesses or accidents like lightning/arson and there is nothing we can do to stop it (uncon-
trollable causes, proximal causes, simple causal structure). In response, we suggest that
scientific communications about an extreme weather event can tell (1) a clear narrative that
highlights climate change as one of the multiple necessary causal influences, including the
counterfactual that this particular extreme event ‘is less likely to have occurred or been so
intense without climate change’, while (2) describing causal mechanisms of anthropogenic
climate change, emphasising the relative controllability of GHG emissions and (3) point-
ing to covariation—EWESs have increased in frequency and intensity as GHG emissions
have increased over time. These factors need to be considered against the role of motivated
resistance as a barrier to effective communication and action.
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There is more that might be done to clarify citizens’ attributions in relation to EWEs.
Of course, the strategies suggested here to address laypeople’s attributions for extreme
events will not be sufficient on their own to change people’s perceptions of these events.
However, these strategies can be combined with other methods which have been shown
to be effective in countering misinformation about climate change (Meertens et al. 2021).
Examples are messages that frame risks in ways that are compelling to the public and that
draw on the co-benefits of actions that mitigate climate change. These strategies, in turn,
may be even more effective if they address the attribution reasoning that leads laypeople to
discount the role of climate change in extreme weather events and other consequences of
climate change.
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