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ABSTRACT

There is increasing demand for information about future climate risk to inform climate change adaptation planning. However,
climate change impacts are uncertain and complex, and climate information is often technical and challenging to communicate.
To inform effective methods for communicating future climate information, we undertake a review of reviews of risk commu-
nication literature, with a focus on improving comprehension. We do not constrain our literature search by the type of risk or
the geographical region to allow for interdisciplinary and geographical learning, but find that most reviews occur within health,
and there is a bias towards North American and European studies. Four key themes were identified during the review: (1) un-
derstanding probability and uncertainty, (2) presentation of risk and probability information, (3) positive or negative framing of
risk information, and (4) the process of risk communication. Understanding of probabilistic and uncertain information varies
amongst not only the general public but also scientific experts, possibly due to differences in cognitive processes and familiarity
with statistics. Icon arrays and bar charts were identified as improving comprehension of risk information, whilst qualitative de-
scriptors of risk were deemed less effective than quantitative descriptions, though a combination of the two may be most optimal.
Common methods of communicating climate projections (box plots and plume plots) have not been widely reviewed. Health risks
have different characteristics from climate change risks and as such we identify lessons that are relevant to climate, and areas
where further research is needed to inform effective climate risk communication.

This article is categorized under:

Perceptions, Behavior, and Communication of Climate Change > Communication

The Social Status of Climate Change Knowledge > Knowledge and Practice

1 | Introduction of climate risks between climate experts and decision-makers
(Steynor et al. 2016), communicating about future climate re-
There are increasing efforts by countries, companies and in- mains a challenge. It can be difficult for decision-makers to

dividuals to adapt to the changing climate. Although climate understand how climate change might affect their context and,
services have made progress in building shared understanding due to the complex nature of climate adaptation, there are many
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factors beyond climate influencing decision-making, as well as
factors such as the local economy and technological develop-
ment that interact with climate (Tall et al. 2018). While there
is unequivocal evidence about climate change at a global scale,
there are large uncertainties in how global warming will affect
regional and local scale climate (James et al. 2014; Shepherd
2014). Innovative approaches are applied within the field of cli-
mate services to communicate uncertain climate futures, but
the efficacy of these approaches is not often assessed systemati-
cally. Meanwhile, there is great potential to learn from risk com-
munication research in other domains that have systematically
assessed the efficacy of communicating risks. This review of
reviews brings together empirical research findings and recom-
mendations from across the broader field of risk communication
to identify conclusions that are relevant for communicating un-
certain climate change. We focus specifically on comprehension
of information, noting that comprehension of future climate risk
is a necessary but by no means a sufficient condition for effective
adaptation decisions.

Insights from the broader field of risk communication have
the potential to be of considerable use for informing climate
change communications. The goals of risk communication
can vary, but usually include promoting or influencing com-
prehension, perception, preference, behavior, and/or informed
decision making. While the broader topic of climate risk per-
ception has been widely studied (Conway 2024; Pidgeon 2012;
Salas Reyes et al. 2021), existing research has largely focused
on beliefs and concerns about climate change, with fewer
studies directly addressing the challenge of improving com-
prehension of future climate information. Additionally, there
is a wealth of literature in environmental psychology, which
has identified important lessons for communicating climate
change to promote sustainable mitigation behaviors (Steg
et al. 2012). While this latter body of work provides valuable
insights for communicating in an adaptation context, it does
not always focus on the specific challenges of communicating
technical, quantitative, and uncertain information to inform
decision-making.

An understanding of climate projections and risks is required
for an individual to access and evaluate future information,
process the meaning of risk estimates and to make informed
decisions (Pidgeon and Fischhoff 2011). Failure to consider
the uncertainties inherent in climate projections can result in
poor understanding of this information, or even maladaptation
(Schipper 2020). Studies that have investigated comprehen-
sion of climate projections indicate that preference for specific
communication formats does not always translate into better
comprehension (Lorenz et al. 2015) and may in some cases re-
sult in overconfidence in understanding (Daron et al. 2015).
Meanwhile, mapping climate model data in slightly different
ways can lead to large differences in interpretations of precipita-
tion change (Daron et al. 2021), highlighting the need for further
research to better understand appropriate ways of visualizing
risk information.

Just as climate information users require information that is
understandable, professionals working in climate science need
guidance on how to communicate uncertain climate futures.
Intergovernmental Panel on Climate Change (IPCC) authors

have called for guidance on visual communications and commu-
nicating probabilistic information (Janzwood 2020). Meanwhile
a review of climate information websites found that the web-
sites required a high level of technical capability and that those
developing the websites overestimated how easy they were to
use (Hewitson et al. 2017). Indeed, climate scientists’ extensive
familiarity with their area of expertise may hinder their ability
to communicate information to non-specialists, due to the dis-
parity in experts’ and users' considerations of what is easy to un-
derstand (Pidgeon and Fischhoff 2011; Porter and Dessai 2017).

Based on existing empirical risk communications research, we
investigate (1) what communication methods improve compre-
hension of risks and (2) how relevant these broader risks com-
munication findings are to improving understanding of future
climate change information? We undertake a review of reviews
to synthesize the vast amount of existing risk communications
literature to establish a consensus among findings and reflect
on the relevance to climate change communications. This man-
uscript is structured with a review methodology, followed by the
literature trends in the identified review papers. A results sec-
tion with four themes is discussed before the relevance of the
findings to future climate information and risks is presented.
The paper concludes with suggestions for future research and
conclusions.

2 | Methodology

A systematic search and review of reviews of peer-reviewed
journal articles was undertaken (Grant and Booth 2009) with a
focus on the risk communications findings and frameworks in
the context of improving comprehension, understanding or in-
terpretation. Comprehension is an individual's ability to under-
stand a concept or action and relies on a higher cognitive process
that also relies on existing knowledge to make relations between
concepts (Wang and Gafurov 2003). While communication, un-
derstanding or interpretation are uniquely defined, we use them
interchangeably depending on the terminology used in the stud-
ies being reviewed. As such the search strings were “(probabilit*
OR uncertain* OR futur* OR Africa*) AND (“meta-analysis” OR
“meta-analysis” OR “systematic review” OR “thematic review”
OR “qualitative review”) AND (understand* OR knowledge OR
interpret* OR comprehen* OR decision) AND (“risk communi-
cation”) NOT (child*) NOT (disability OR disabled) NOT (“men-
tal* ill*”) NOT (addict*) NOT (dementia).”

Projections of climate to 2050 and 2100 can be difficult to in-
terpret and use in a decision context due to the uncertainties
and probabilistic nature of projections. As such, literature that
is focused on communicating in uncertain contexts was in-
cluded in the search, alongside a specific search for African
studies. Previous research has primarily focused on Western,
Educated, Industrialized, Rich and Democratic (WEIRD) soci-
eties (Newson et al. 2018) leaving a gap in studies focused on
much of the African context. Climate services in Africa are
rapidly developing, alongside the already vast research and ac-
tions in climate adaptation and climate-resilient development
(Vincent et al. 2020; Vogel et al. 2019), and research on the best
methods to communicate future climate information may assist
in this effort.
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FIGURE1 | PRISM search flow chart adapted from Moher et al. (2009).

An adapted PRISM search flow chart (Moher et al. 2009) was
used to guide the review using three stages: identification,
screening, and eligibility (Figure 1). Peer-reviewed journals
were identified using three databases: Web of Science, Scopus,
and PubMed. The two-stage screening phase included screening
the title and then the abstract and was guided by inclusion and
exclusion criteria. To be included in the review, papers had to
be: focused on improving understanding, interpretation or com-
prehension of a risk; available in full text; written in English; be
a systematic, qualitative, meta or thematic review; and include
adult participants. Review papers were excluded if they had in-
cluded review papers in their review, as this would have resulted
in a review of reviews. Additionally review papers that included
child participants; participants specifically living with mental
illness or physical and/or mental disabilities were not deemed
to be the relevant context and tended not to provide findings on

A 4

(n=2)

uncertainty communication that are potentially generalizable
to the context of climate communication. There were no lim-
itations on the year papers were published nor the study design
or risks being researched. This was to allow cross-disciplinary
learning across fields with various risks and diverse method-
ological approaches.

The abstract screening was carried out independently by two
researchers who then compared their decisions and discussed
any variation in the decisions. The inter-rater reliability was
measured using Cohen's kappa coefficient, which measured
at 0.43 (fair agreement). During the full text screening, two
papers were removed as they were not relevant. Specifically,
one included a systematic review in their study and the other
was not focused on understanding. The systematic review was
not preregistered; however, the search strategy and codes for
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each database are available for replication in the Supporting
Information.

Papers were analyzed using a narrative synthesis using textual
descriptions and tabulation (Rodgers et al. 2009). During the
analysis, all the papers were read, notes were taken about the pa-
pers and information linked was entered in a table. Information
in the table included: journal; authors; first author countrys; first
author's institution; review method; databases used for search;
geographical focus; years included in the review; number of
studies included; methodology type; participant group; risk;
use of a theoretical or conceptual framework; main objective;
main outcome summary of findings; research suggestions; in-
tervention; exclusion criteria; inclusion criteria; effect size; and
effect size method (Table S1). The paper is ordered by the study
designs that were included in the review: RCT, RCT and non-
RCT, quantitative and mixed method (Table 1). Due to the study
design heterogeneity, meta-analysis could not be conducted; in-
stead, a narrative summary of papers occurs in each of the four
identified themes using a thematic analysis of the objectives and
summary of findings, before an overall summary of findings is
provided (Rodgers et al. 2009).

3 | Results

This section will outline the literature characteristics from the
17 papers included in this review of reviews, before providing
the results of the findings from the papers which are presented
by themes.

3.1 | Literature Characteristics

The 17 review papers included in this review of reviews were
published between 2000 and 2023; meanwhile, the review pa-
pers reviewed studies that were published from 1966 to 2020.
The lead authors were based in the United States (n=7) and
Europe (n=10). The review papers were published in an array
of journals (Table S1), but the most common were health or
medical journals (n=10). As such, most of the papers were
also focused on health risks (n=12). A mixture of risks was
included by two papers, with one including weather, disaster,
and health risks (Ripberger et al. 2022) and another includ-
ing technology, disaster, and health risks (Boase et al. 2017).
Other risks included flood, environmental health, and broad
emergency public health. Therefore, even in papers that were
not concretely focused on health risks, there was an element of
health in the risks which highlights the tendency towards health
when considering risks. The geographic coverage of the studies
included in the reviews was not outlined by 10 of the papers.
Of the seven reviews that did outline the coverage, the reviews
included studies from North America (n=7), Europe (n=6),
Asia (n=4), Oceania (n=4) Central and South America (n=2),
and Africa (n=2). However, within the studies there was a bias
towards Europe and North America. For example, although
Boyd and Furgal's (2019) review included studies from North
America, Asia and Central America, seven studies covered
the United States and five studies focused on Canada; mean-
while Guatemala, India, and Bolivia were represented by only
one study each. As such, the research in this review is skewed

towards North America and Europe, and as such does not well
represent other regions.

Systematic reviews were conducted by most papers (n =16) with
only one paper presenting a scoping review. A rapid narrative re-
view was conducted alongside a systematic review in one paper
(Harrison et al. 2014). The methodologies included in the review
papers were diverse and only one paper solely reviewed RCT
studies (Stellamanns et al. 2017). Three papers included both
RCT and non-randomized control trials and two papers included
quantitative studies of any kind. A mixture of quantitative and
qualitative methodologies was included in 12 papers. As such
the estimated effects of the interventions on understanding were
only stated for one study (Edwards et al. 2000) and similarly, one
paper conducted a meta-analysis (Andreadis et al. 2021).

3.2 | Findings

The results from the review are outlined in Table 1 (and
Table S1), with 4 themes identified: (1) understanding probabil-
ity and uncertainty, (2) presentation of risk and probability in-
formation, (3) framing of risk information, and (4) the process of
risk communication. Some of the terms used in this review may
not be as widely used in climate change research and as such
examples of the terms are provided in Table 2.

3.2.1 | Understanding Probability and Uncertainty

Ten of the review papers directly assessed whether people un-
derstood probabilities, risk and/or uncertainty information.
Ghosh and Ghosh (2005) reviewed papers that tested medical
physicians’, patients’ and medical students’ comprehension of
probabilities related to diagnostic tests. There was a wide range
in how probability statistics were understood within the three
participant groups, and it was common for physicians and stu-
dents to overestimate particular diagnostic test probabilities.
The Ripberger et al. (2022) study reviewed literature on var-
ious risks to identify ways to include probability information
in communications and related it to weather forecasts. They
found that confidence intervals and forecast periods were often
misunderstood, as people interpreted the risk probability to be
greatest at the end of the timeframe given. However, the review
concluded that, with careful explanation, forecast probabilities
can be understood by the general public. The focus of Mellebaek
et al. (2019) was the effective communication of drug risk infor-
mation to healthcare providers (HCPs). The HCPs in the United
States found that the risk information they received about
drugs was lacking in clarity; however this was not reported
in other countries. A study reviewed how Radiofrequency
Electromagnetic Fields (RF-EMF) mobile communication risks
are communicated (Boehmert et al. 2020). They could not cal-
culate the effect size for comprehension in this study as the
number of comprehension studies was too small; however they
suggested that simplified messages with less technical language
were better understood. Meanwhile in Andreadis et al. (2021),
they assessed how lay people interpret medical and health risks.
They found that the way in which people interpret verbal prob-
abilities (e.g., “very likely”) does not correspond to their numer-
ical probabilities.

40f 19

Wiley Interdisciplinary Reviews: Climate Change, 2025

95UB017 SUOLILLOD BAIN8ID 3ol [dde 8y} Aq peusAob 812 Sajole YO 8SN J0 S9|NJ 10} Afeid1 ] 8UIIUO A8]IAN UO (SUOTIPUOD-PUE-SWRIALIOS™AB | 1M Akeq1puljuo//Sdny) SUONIPUOD pue swie | 841 89S *[9202/20/6T] Uo ARiqiauliuo A|im ‘Akiqi uoreyiolg 8y L Spse JO AISeAIUN AQ £200. 99M/Z00T 0T/I0p/W0d A8 | ARIq1jBul UO'Sa1Iw/Sdiy Wiy popeoumod '9 'SZ0Z '6622.G.T



17577799, 2025, 6, Downloaded from https://wires.onlinelibrary.wiley.com/doi/10.1002/wcc.70027 by University Of Leeds The Brotherton Library, Wiley Online Library on [19/02/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(senunuo))

‘pa1rnbai ST yoI1easal a1ow
nq ‘estwoid aaey 03 readde spre
[ensia wos pue syeuwrioy Kousanbaiy
Ajrernonaed ‘sjeuniof aAneIUBNY)
"S)TNSAI PIXIW pey UIpue)sIdpun
U0 d0UaN[Jjul pue Jurwely Ysry

ssaoo1d
JUSSUO0D PIULIOJUT
oy Surnp
sjuedronted [ein
[eniuajod 03 YSLI
Suneorunwwod

"SI99JUN]OA
[eL1) [ROTUI[

{IX91U0D [eL1) ©

ur urpuejsiopun aaoxdur
0) SPOY3IaW 1S9q Y} 21k
Jeym pue djedonred o)
SUOISIOdP 0UAN[JUI I
S90p MOH :S[BLI} [BITUI[O

*SYSII [BLI) [IIUI]O JO Sulpuelsiopun J10J spoyjouwI uo 1DYy-uou [enuajod [eax (02072) SaIIO Ul U0 BIIUNWWOD YSLI
Guraozdwir 10] poyjoul 1e9[0 ON S0UAPIAD MITADY pue 1LDY [eotpouw/yifedH  pue [eonayjodAHg L pue 940D JO MITADI OIJRUIAISAS YV

UOTBITUNUITOD

JSLI UO SISIjIpowt
109339 Tenjuajod
Ajnuapy
*93pa[mouy pue AJIXue ‘IoIARYq ‘uonydoorad

‘uondaorad papnyoul S9[qeLIBA SWOIINQO pue a8pajmouy

‘UOIjeWLIOfUT YSII [BIOUSS d10W JUISn sjuaned a3ueyd
9SO} 9I0M UBY} SJO9J0 193Te] IIm 0} UOTJUDAIIUL MOIIAJI JIJBUIRISAS V 918D
POJRIOOSSE 219M SOJBWIIIS YSLI [ENPIATPUL [earurpo jo (zg=u U3[eaY UI SUOTIUSAIIUL
Jursn SUOIIUAAIU] "S309JJ9 (JeI01JoUq) SSQUIATIOJJO uo paseq UOIJEBIIUNUITOD
aanyIsod Yrm pIjeIoosse AJ[e1ousgd a1om 9} U0 2INJRIAN] 1DY-uou oz18 (0002) 'Te 12 -SYSLI 9U0-0}-3U0 JO
SUONUSAISIUI UOHBIIUNUIUIOD ST MITAY pue 1DY [eoTpaw/yieoHq Pa3els 10N 199139) 96 spIempHa SSQUSATIONJJR Y L,

"9pBW 918 SUOISN[OUO0D dI0Joq
PaPaau SI YOI8ISaI dI0W pue JUINIB[ ST
yoI1easal sydels oA1joeIaUI/OIWBUAQ

"$109JJ9 9)BISPOW IO OU pUNOj Qouarejaxd pue
S9IPNJS SUWIOS "I1X3) UNLIM 0} pareduiod uorsuaya1duwod spre
9oua19ja1d pue AoeIndoe ‘uoIsuSyaIdwiod  ‘I0IABYQQ IOJ SpIe (TeraL rensia pajioddns-1onduwod
‘SUOTIURIUT IOTABYD(] UO _SINSAI [ensia payioddns [onuo) JO MIIADI JIJBWIIISAS Y
Sursrwoad,, dwos moys (s3reyo aid pue 19Indwod uo pazrwopuey) sjuaned (L102) T 3 TUONBIIUNWWIOD I9OUEBD
s11eU0 Ieq ‘sAerre uoodr) syders onels QINIBINI] MITAY 1DY [eoTpaw/ Yo 10 9rdoad Aep €1 SUUBWE[IS ul SYSII SUIZITenSIA
sSurpury Jo Arewrwing 9ANd9(qo ure papnpur adA 1 STy dnoiSjyuedonaegd popnpur sIoymy IMNPLL

SPOYIDIA sorpnys
Jjo
JdquInN

"SMITAJT JO MIIASI Y] UT PapN[OUI o.I9M Je) SI9IPNIS MIIAL o_u.mewum%m LI9yljosrsijjeury | THTIAV.L

50f19

Wiley Interdisciplinary Reviews: Climate Change, 2025



17577799, 2025, 6, Downloaded from https://wires.onlinelibrary.wiley.com/doi/10.1002/wcc.70027 by University Of Leeds The Brotherton Library, Wiley Online Library on [19/02/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(senunuo))

"Y[SLI 9JBOIUNUITIOD 0} POYIOW JAIIIIJJO
ue 9q Aew (sorydeidoyur) [er103014
“Y[SLI [EOIPAW 9)BITUNUIWOD 1S3q 0}

MOV JO SNSUISUOD JO YI¥[ B ST 9197} INq

Surpuejsiopun pasoidwil ue pey spre
UOISIOd(T "saSejuadiad pue sioquinu
se pojuasaid JSII Jnoqe UOIeULIOJUT
dsei3 03 L3171qe 119} UT KI16A SJUSNIR]
‘sur1d) A)iiqeqoid jo Surpuejsiopun
SurAreA A[@pim aaeY SUBIIISAYJ

sjuaned o)
PajedIuNUIUIOd
SI SLI MOY JO

SSUAATIOJJ0 I1Y)

pue sspow 3y}
KJnuapI ‘surIv)
pue sonsne)s

sonruniyioddo
pue sa3ud[reyd JuaIIn)
U0 BIIUNUITIOD

'sonsne)s onsifiqeqoid Liqeqoad jo aanejenb JSII 9A}ORJ9 03Ul
o13109ds SUNIBWIISAIDA0 SJUSPNIS Surpuejsiopun pue sjuapnjs pue (S002) ysoyn UoneULIOJUT Paseq
[eoIpaW pue sULIISAYJ sueIsAyd dAneIIuUEBNY)  [ROIpAW/UIedH  sjudned ‘suerorsAydg zS pue ysoyon -90uapIAd Sune[sueL],
*SOUI00INO
'SN03UA3019)9Y Sem sarouanbaiy [einjeu [eIoIARYQq pue
JO 109]j0 pue 309[39U I0jRUTWOUd( 2ANIug09 119}
‘sAe11e UOJI 10 sorouanbaiy o 199JJ2 oy}
[eanjeu 03 paredwod s10)d1Iosap pue sjuaryed
aaneyrenb 105 10ySiy uondaosrad 0} UorjewLIOJul
YSII pu® 19MO] Sem A0BINJOY onsifiqeqoid MIIASI JTIBUWISAS
‘Gurpuejsiopun sjusned pasoxdur Sunesrunuwwos jo SI39)UN]OA #102) 'Te 10 V [UONBIIUNWITWO)
(sydeis3 1eq pue sAeire uodr) Spre [BNSIA SPOUIOW MITAY  2ApBIIUBN)  [BJIpIW/YI[edH  AUi[eay Io sjusnied 8 urydiz YSI1 paseq-20uapIag
‘sanIfiqeqoid paugisse [enjoe 11y}
uey) 1ySIY 9I9M SULId) RGIOA IO}
sarewns? Afiqeqoid aaneiiueng) uonewLIojul
‘pasn axe saniiqeqoid aareInuENb Ayniqeqoad MITADY ONIBWAISAS
$1s033ng "syxadx9 £q paudisse [eQI9A 10§ B {YI[BH UI SONI[Iqeqoid
sanIiqeqoid aaneiniuenb ay) YIrm JuIy sooua19ja1d pue [eqI3A Jo uoneyaadisjug
jou op pue urdde19A0 ‘9[qelIes d1e SULIR) o uonelaidiul IDY-uou (T202) T8 30 UI SOOUIJRIJ
Aynriqeqoad saneyenb jo uoryejaadidug juanyed ssassy pue 1DY [edrpaw/yifedHq ordoad Ae c¢ SIpeaIpuy pue uorstoardwy
sSurpury Jo Arewrwing 9ANd9(qo ure papnpur adA 1 STy dnoiSjyuedonaegd popnpur sIoymy IMNPLL
SPOYIdN saIpnis
Jjo
IdquInp
(ponunuod) | TATAVL

Wiley Interdisciplinary Reviews: Climate Change, 2025

6 of 19



(senunuo))

‘ongeA a1e SUONBPUUITOIAI YOns [[e 2
[SLI POO[J UO Y2IBISAI SUOIJBIIUNWIUIOD
3[SLI 911} JO AOUISqE UR JSOW[Y

‘syIomauresj pue A3ojopoyowr UOT)BITUNUITIOD OoIBISY
U QOUQISJJIP 03 dNP SIAPNJS SSOIO® JSLI pOO[J pue [eotaidwy Jo mI1Ady
oredwod 03 pIeH "UOHBIIUNWIIOD suonydaorad aanelenb ONBWNSAS V :SYSTY
JSHI-POO[J UO punoigdyoeq (81321097} JSII pOOT[J UO pue (€102) T8 1 POO]] JO U0 BIIUNWIWOD)
PONWI] pue YoI83sAI JO JOe[ V arnjerd)y aro[dxg  oAnEBINIUENY poorq pa1eIsS 10N LS SUQOY pue uondadisg
-o3ueyo 101ARYRq I0 SUTUOSBAI
aanenuenb aaoxdwr jou Aewr o1
AewI STOMIIA 1B} S9INJed "d8ueyd
JIOTARYDQ 20NPUT JBY} SAUO ) 0}
JUQISJJIp o1k Suruoseal aAne)rIuenb
aaoxdut yey) sarnjesj reorydern
"Y[SLI [eNPIAIpPUI puelsIopun sjuaried
djoy ued suodr paguelre A[enuanbas
pue sa[eods ‘SI9ppe] JSII ‘S}Ieyd 1eg
-a8ueyd 101ABYRq djowoxd
0} A[o[1] 210U 01} JSII B JO sooua19ja1d pue
1oyerownu Suiziseydwso sydern o8ueyd J01ABYRq MITAY ONIBWIISAS
'sAexy1od J1 IoquINU Y3 03 ‘guruosear aAneyIENb VY {UONBIIUNWITIO))
reuonzodoid aq pinoys juswore Teoryderd aanemuenb uo pue (9002) ‘T8 12 NSy yireeH ut sydein
:syuowdpn( aanyeInuenb poos 104 sorydei8§ Jojoopd  QApeInuEBNY  [BJIPW/I[eoH sjuaned $C youy Jo sa1njesq udisog
sSurpury Jo Arewrwing 9AN93[qo ure papnpur adA 1 STy dnoiSjyuedonaegd popnpur sIoymy IMNPLL
SPOYIdN saIpnis
Jo
Jdquunp
(ponunuo)) | THTAVL

17577799, 2025, 6, Downloaded from https://wires.onlinelibrary.wiley.com/doi/10.1002/wcc.70027 by University Of Leeds The Brotherton Library, Wiley Online Library on [19/02/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

7 of 19

Wiley Interdisciplinary Reviews: Climate Change, 2025



(senunuo))

‘SIoppe[ YSLI pue sAelre Uodl
‘sogeuwr Te110301d 1o [eorydeis ysnoiyy
ys11 Suneorunwiwod 10y jroddns
[eI9US3 2I10W JNq SNSUISUOD T8O ON

*[00} UOI)BIUNW WO (ma1A21
[NJSS9NS JSBI[ oY) JO SUO SeM UONeITUNUIWOD dATIRIIRU
pue UOI}BULIOJUT JO SUIpULB)SIOPUN JSLI 91BOYI[BY aanelenb pidey)
pre jou pip s103drrosap Aiqeqoid 0} soyoeoxdde pue J3eis areoyesy #102) T8 10
aAnejTenb pajroda sarpn)s swos MITAY dAnBIUEN)  [BJIpSW/I[eoH ‘syuaned 66 uoSIIIRH
‘Surpueisispun 19332 J10J UOTIBWLIOFUT
YS11 Sururesy 10 SUIBdIUNWWOD 0}
yoeoidde Ju)SISUOD B JO SNSUISUOD ON
*SOTPNJS JO %/.8 UT
A[oAne3au paureiy sem Jsry
-o3uel e Jnoy)im s9jewnss jurod e
SE PaIBEdIUNWWOD Ud)JO ISOUI SBM ST soInqrie
's103d110s9p Aqiqeqoad ysu juasaxd
aanreInuEenb pue aanelfenb yloq 0} spoyjour
Sursn pajesTUNWWOD SAPNIS %TT 9JenjeA? pue
‘(se1ousnbaiy TeInjeu ur sAemye Jou) st 9yerodIoour
Apyua19p31p pojuasaid are siojeuUTWIOUd [ yet]) sjuswIadxa (ma1A91 ¢9INJRINI] 9Y) JO MITAI
*(y30q JO UOHBUIQUIOD IO 90101 9)2IISIP aanelenb J1eUIR)ISAS) OIBWAISAS V :SIUSWIIadXd
sodejuaorad ‘sorousnbaiy) Aeaneinuenb d1ROYI By pue J3eis areoyesy #102) T8 10 90101 932I0SIp Ul
paresrunwiwiod AJISOUI S9INQIINIE ST Amuspr dAnBIUEN)  [BJIpSW/I[eoH ‘syuaned LTT UOSIITRH] 9INQINJe Ue S ST
sSurpury Jo Arewrwing 9AN93[qo ure papnpur adA 1 STy dnoiSjyuedonaegd popnpur sIoymy IMNPLL
SPOYIdN saIpnis
Jo
Jdquunp
(ponunuod) | TATAVL

17577799, 2025, 6, Downloaded from https://wires.onlinelibrary.wiley.com/doi/10.1002/wcc.70027 by University Of Leeds The Brotherton Library, Wiley Online Library on [19/02/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Wiley Interdisciplinary Reviews: Climate Change, 2025

8 of 19



17577799, 2025, 6, Downloaded from https://wires.onlinelibrary.wiley.com/doi/10.1002/wcc.70027 by University Of Leeds The Brotherton Library, Wiley Online Library on [19/02/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(senunuo))

‘Surpuejszopun aaoidur 03 £oe1031] Juaned

uo paseq uonedTUNWwWod ydepe SgOH 'S10)0%J
uaIdIo9a1 9y} )1 SPUS pUE S}IBIS UOIBITUNUWITOD
SUONBIIUNUITIOD JYSII—)S9q SMOUY] oy} uo 310dax
I9S[) "SUOISIOAP BUI 0) SN UBD YOTyM SIpn3s
dDH pue sjuanied jey) eiep 10 $)0e] DdHA jo S9IpNJS 10398
JuBM SISYJ0 PUB SUOIIBEPUIWWOIAT SSOUIATIONJO UOTJBOTUNUITIOD JO MIIAII
orj10ads Juem awos se sDJHJ Y} JY) ssasse onewRIsAs v—(DdHA)
J0J SpUBWAP JUIJIP PeY dDH pue osreadde aapejenb UONBIIUNWWO))
(dDH suedrowy Aq ATU0) A[Teonewa)sAs pue (dDH) s1opraoxd (61027) 'TB 3@  [BUOISS?JOIJ 9IBIYI[EIH 0}
Ky1rerd payoe[ sDdHA punoj dOH “MITAY dAnpeIuUEBN)  [RdIpPaW/I[eoH Q1ed)[eoH 91 PRI J0211(T JO SSOUDAIIIRJJS YL,
‘uonjerndod pa3o9jye 01 d[qepUEISISpUN SUOI)EPUSWWOIT
9I€ JBl]) SUONEIIUNUITIOD 9JBAID pue sded
gidoadsasjods pasnay ursn ‘ugisop Amuaprt S9IpNIS 2ININg
adessowr ur suoppendod snouadipuy SUONBITUNUWITIOD J10J SUOI}EPUAWWOINY
apnpour pue Yim a3e3us jey) EYNEkE)IE) pUE [o1B3sAY JURLIND
s9ssao01d uonedTUNUWOd SurdoPAdq ‘suonerndod JO MIIAYY 2INJBINIT
"KI9ATTOp pue UuSIsap ul snoua3Ipur 0} onewa)sAs v :suonendod
uonerndod pajosjye oY) SOAJOAUL SYSHI YI[eay aAnejenb SNOUd3IPuI YIIMm SSTY
£397e13S UOROIUNWIUIOD [BIUSWIUOIIAUD JO pue Ireay suonieindod (6107) 188104 J[BoH [BIUSWUOIIAUT
[NJSS00NS SAPNIS [[B ISOW[Y SNO0J AU) MIIAY  SANBINUENY)  [BIUSUWIUOIIAUF snouaSIpuy €T pue piog Supeosrunuwwo)
-93pa[mouy] pasoidwi spoylouw
[1e se Jor1adns ST Y33U9[ 10 JeuLIo]
UONBITUNUITIOD JSLI U0 SNSUISUOD ON
*SUOTJROIIUNUIWOD YSII 10} (DIVININ)
JIomawrelj [njasn e aglewt DYVININ uoneIIUNUIWO))
"DYVININ 03 21nsodxa Surmor[oy ysry 03 yoeoiddy
98pamouy yuedronred ur juswasoidur S[OPOIAl [BIUSIA Qouapiag
JuedlyTUSIS ® pa3Iodal ISON oy} Sursn 93 Jo ma1Ady Surdoos
‘(1T = u) swoono pasn Ajyuanbaijy 1sowr SUOTJBOTUNUITIOD (presy V [UONBIIUNWWO))
Y} SeM 93PI[MOUY 2I3YM SSWOIINO parenyead aAnyeyIEND pue 19)sesIp ysry e Surdopasg
painseaw 3y} Jo (J[& J0U JI) SWOS U0 dARY JRY) pue ‘A3o10ut]093) (L102) ‘TR 19 03 yoeoiddy S[OpoN
199139 2an1sod © pey DY VINIA Suisn SOIPNIS MIIARY dAnERINUEN SNOLIBA SNOLIBA 41 aseog [BIUSN oY) Sunienfeaq
sSurpury Jo Arewrwing 9ANd9(qo ure papnpur adA 1 STy dnoiSjyuedonaegd popnpur sIoymy IMNPLL
SPOYIDIA sorpnys
Jjo
JdquInN

(ponunuo)) | THATAVL

90f19

Wiley Interdisciplinary Reviews: Climate Change, 2025



17577799, 2025, 6, Downloaded from https://wires.onlinelibrary.wiley.com/doi/10.1002/wcc.70027 by University Of Leeds The Brotherton Library, Wiley Online Library on [19/02/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(senunuo))

*98pa[mouy] SIIIUIIOS JO JUSWISSISSE
9} 9OUAN[JUI 9ABY JOU PIP 0UIIUIS

JSH sa13o[0uyd9)
UONBITUNUWIWIOD
orqowt ANH-(I1¥)
Kouanbaig-orpey
0} Uone[RI

S9130]0UY09] SSI[AITM
woy (SAINH) SPIRLA

A3ure)I90UN UB JO 90UISQE "SA 0UISAIJ Ul 9INJeIN] aanyeyIENb J1oUSeN-013097H INoqe
"PO0ISISPUN 19)39q SI9M SUOHIEIIUNTWIWIOD  SUOHBIIUNWUIOD pue (0Z02) 'Te 3@ UOHBOIUNWIWIOD YSII YI[eaY
payIdwrs pue [eo1Uyd9) SSOT JSLI SMIIASY dATIRIIUBNY)  [BOIPAW/YI[EdH Pa1eIs 10N 8T JIowys0g JO MIIADI JJBUISISAS
*SuoIsIoap [ewndoqns axew Aewt
pue A[IUQISJJIp Ajurelreoun ouarIadxa
pue puelsSIopun SISP[OYIeIs
KouaSiows yireay orqnd JuaIdfIIq
-9yededoid ued Ljurelrooun I3YM
SMO[J UOT)RULIOJUT PUE SUOISIOdP JO
UTRYD B 9ARY SAIOUSSIAUId )8y JI[qnd
"918INnd0® A[9319[dwod jou SI
s103dr10sop Ljiqeqoad aanelfenb jo
uoneaIdIajul dATIBINUERNY) "SISTIUSIOS
pue o1iqnd y30q £q uonyejardIjuIsTur
0) auoid ST UOIBWLIOJUT AJUTR}IOUN
*Kjure)zeoun ornualds 9z1enideduod
Io/pue puejsiopun jouued drqnd *SIop[OYa LIS
se Ajurejrooun SuneOIUNUITIOD JO pUE ‘SonIunwiwiod
joedwr aanye3ou o) WYSIYSIY sarpnis YSLI-J ‘SooURIpNe
QUWIOS ‘pUB)SISPUN 0) ASEI pUE orqnd 03
1830 ‘A10301PERIIUOIUOU ‘JUISISUOD sanuIe)IoOUN MIIAJI JTRWISAS
9q 3snu 31 Inq paaide A[rerousd 91BOTUNWIWOD 0} aAnyelTenb :SJUaAd AouadIawa yireay
pue parmbai st jureireoun jnoqe SKem 9A1IOJJD pue yIreay orqnd (61027) T€ 30 orqnd Surnp Ajureirsoun
uonewLIojul JIOIdxe Junedsrunwwo) Amuapr aAneINuend) Kouagrowg o1nqng 9t A10dos Suneorunwwo)
sSurpury Jo Lrewrwing 9A1193[qo ure papnpur adA1 sty dnoi8 juedonieg poapnpur sioyny aPLL
SPOYIdIA soIpnis
Jo
IaquinN

(ponunuo)) | THATAVL

Wiley Interdisciplinary Reviews: Climate Change, 2025

10 of 19



(senunuo))

‘Judsqe a1 Surpueisiopun
Suraoxduwr 10y suoisnjouo)
"9AT}031J $$9 21om soryderdoyur
pue sagejuaoiad ‘syreyd Ieq pue

sagueyo YSII
jowoid o) pue

“YSLI SUTIBOTUNWIWIOD & AI}IJ Surpue)siopun
Jsour a1om (3183 JO YIreay)) a8e 11edy pasoadur
pue Surdewir 1189 IB[NISBAOIPIL)) 10 S91391813S
"POIJTIUAPI 1M SAI3deI)S UONBITUNUIWOD SISOUJUAS dAIJRIIRU
UONBIIUNUITIOD JSLI IB[NJSBAOIPILD JS1x 9SBASIp UM MITADI IIJBUIAISAS
JO S911039782 JUSISJJIP SUIN IeTNOSBAOIPIRD aanejenb IeTNOSBAOIPIRD v ‘uonuaaaid Arewrad ur
‘uSisop Apnis pue JO SSQUQATIORJJ pue uMOUY JNOYIIM (zz02) ‘T8 19 S9139)8I)S UOIBIITUNUWITIOD
SoW00IN0 Ul A310u9301919H arenyeay aATIRINUBNY)  [edIpaW/YI[BdH S[eNpIAIPU] 1€ S19qnyos JSLI IB[NOSBAOIPIR)
*SUOISN[OU09 I3Y}Inj SUryew o}
I911Ieq © 31 SOI30[0POY}oW SNOLTBA
pue paxrur 93nb a1om synsay
*2d &3 orydead aA1309530 SOWI0JIN0
JSOUI JNOQE SI[NSAT JAISN[OUOIUT [eIolABYaq pue
*J[NS9I SIY} UI SBIq [[8J91 JO 92INO0S [euIpninIE
[E1IUI0J "UOIBWLIOJUT dATIB}ITeND 0) “2AnIugoo 10§
paredwod poojsIopun 19339q 219M uonewWIOJul
19939 9pIS IN0qe (Syewrioj Aouanbaiy onsifiqeqoid SPOY31auW UOIIBIIUNWITIOD
/o8eju001ad ur) YSII PAULJOP ‘AS1021] Suneorunuwruod JO MIIASI OIBWIISAS
"s)nsa1 2AnTUS00 Ul A310u9301939Y JO spoyjowt aanelenb dDH pue ® :sjuanjed 190UED 0}
nq ‘Surpuelsiopun saoxdurr Aewr U0 INJRIAN] pue SI199jUNjoA AYI[eaY 020T 1B 19 S)IJjoURq pue SYSII
QuWIT) SUO Je UOTIBULIOJUT SS9 dzIrewuIng aATIRINUENY)  [BdIpoW/UI[edH ‘syuanied 190U 8T I9JeA\ Op UBA  JUQUIIEI) SUNBIIUNWITIO))
sSurpury Jo Arewrwing 9AN93[qo ure papnpur adA 1 STy dnoiSjyuedonaegd popnpur sIoymy IMNPLL
SPOYIdN saIpnis
Jo
Jdquunp
(ponunuo)) | THATAVL

17577799, 2025, 6, Downloaded from https://wires.onlinelibrary.wiley.com/doi/10.1002/wcc.70027 by University Of Leeds The Brotherton Library, Wiley Online Library on [19/02/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

11 of 19

Wiley Interdisciplinary Reviews: Climate Change, 2025



17577799, 2025, 6, Downloaded from https://wires.onlinelibrary.wiley.com/doi/10.1002/wcc.70027 by University Of Leeds The Brotherton Library, Wiley Online Library on [19/02/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Wiley Interdisciplinary Reviews: Climate Change, 2025

"MITADI JTIRUID)SAS B PUB MIIADI dAIJEIIRU PIdel © sopn[oul Jey)} Apnis duo SI ($107) 'Te 39 UOSLLIBH,

"SI} Op 0} ABA 1S9q 33 UO SNSUISUOD
oU ST 2191} INq uoIsuayaIduwod
saao1dwIT $3SBI910F IOYIEIM UT

uonewIojut AJfiqeqoad Surpnpoug
*1X91U09 9y} uo spuadop A[oy1]
pue ‘uorsusya1duwod 10 (Sppo 1o
So10UANbAIJ ‘%) WIIO} OLISUINU )
ul senIfIqeqoid ajedrunwiwiod 0}
MOY] UO SNSUISUO0D [BIdUSS ON

‘saniiqeqold jo uonejaadiaur ay) ul UOI}BIIUNTITOD
S103J0B] 1€ 010D PIoM ‘AJIeUOIIIIIP 3s11 Jo sespoeld
‘UOBIIUNUITIOD JO AJLISADS SNOLIeA 10§ 9INJRIANIT YOIBISNY ) JO
‘pa1Inbal ST SJUAAS S,1S8I310] 9OUDPIAD ) MITADY JTIBUIISAS SUIAIT
o) Jo uoneue[dxa Jng sanijiqeqoid pue uonewIoyul © WOIJ SUOJBPUIUITOIY
JSBO9I0] pUB)SISpUN UBD dI[qnd Aymqeqord (yireay pue s3urpurg
*S}SBO9I0J JIISIUTULISIAP 0} 9JedIUNWIWOD 0} aAnyelTenb pue 19]SesIp :SJSBOAIO ISYIBIM UL
pa1edwod pajedIUNUITWOD AI. SISBIAIOJ SABM 9ATJOJJO UO pue ‘Ioy1BIM) (z202) Te 10 uoryeuriojuy A1qeqoid
onsifiqeqoid uaym SUIpuBISIOPUN 10)J9g  SINJRIANI[ MIIAY  dANEINUENY SNOLIBA PareIs 10N 62 19310qdry Supeorunwwo)
sSurpury Jo Arewrwing 2A1193[qo urey papnpour adAJL, Jsry dnois juedonieq poapnpur sioyny PLL
SPOYIRIA saIpnIs
Jo
JquInN

12 0f 19

(ponunuo)) | THATAVL



TABLE 2 | Examples of key statistical terms, visuals and graphs.

Risk communication terms Description Example
Qualitative probabilities Communication of probability using “Likely,” “Very likely” (Mastrandrea et al. 2011)
qualitative (verbal) descriptors
Quantitative probabilities Communication of probability using “66%-100% likelihood” (Mastrandrea et al. 2011)
quantitative (numerical) descriptors
Natural frequencies Use of the same denominator value. “1in 10” and “5in 10”
Infographic Combination of data, diagrams, text,
and images together to communicate consequnces
complex, abstract or dense information — B — T
(Dunlap and Lowenthal 2016) " ’ ®
For IPCC Climate Future infographic example
see https://www.ipcc.ch/report/ar6/wgl/figur
es/technical-summary/ts-infographics-figure-1
Decision aids Assist informed decision making For an example see BMJ (2013)

by providing (often health related)
information about the decision and
options available. Outcomes of the
decisions are also provided, e.g., benefits,
harms, uncertainties. (BMJ 2013)

Positive (gain) framing Messages framed with an emphasis on the “By mitigating climate change, we can
positive outcomes of the problem or risk. prevent further increases in winter floods in
maritime regions and flash floods throughout
Europe” (Spence and Pidgeon 2010)

Negative (loss) framing Messages framed with an emphasis on the “Without mitigating climate change, we
negative outcomes of the problem or risk. will see further increases in winter floods in
maritime regions and flash floods throughout
Europe” (Spence and Pidgeon 2010)

Individual risk Use of an individual's characteristics to “Your personal risk of developing colon cancer
calculate their personalized risk estimate in your lifetime is 9%” (Vromans et al. 2024)
Generic risk Using the general population'’s “The general risk of developing colon cancer
characteristics to calculate in your lifetime is 9%” (Vromans et al. 2024)

a generic risk estimate

Icon array Visual communication of percentages Glabal poptilation:af sk af drolight{(1997-2010)
. . . 00 --
using colored icons. Each colored icon 190 i
represents a specific percentage (in the 80

example in the next column each icon 70z

represents 1%) (Recchia et al. 2022)

global population
o
o

(ERERRER]

R AERERELL]

20'=4 3 3. 3 2 g
10 -

) 18 out of 100 people at
risk of drought

82 out of 100 people not at
risk of drought

Created using Iconarray.com
(Wang and Sun 2023)
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https://www.ipcc.ch/report/ar6/wg1/figures/technical-summary/ts-infographics-figure-1
https://www.ipcc.ch/report/ar6/wg1/figures/technical-summary/ts-infographics-figure-1
http://iconarray.com

Three papers explored the “denominator neglect” which
occurs when the reader gives insufficient focus to the de-
nominator and instead, more focus is given to the numera-
tor which can result in misinterpretation of the probability
(Mikuskova 2015). In Ancker et al. (2006), they explored how
graphics influence the quantitative reasoning of quantitative
health risks amongst patients as well as patients’ behavior
and preference. They established that patient comprehen-
sion is better when the ratio denominators are the same (also
known as natural frequencies). For example, it is easier to
compare 1 in 10 with 2 in 10 than to compare 1 in 10 with 1
in 5. Yet denominators are presented in many different ways
in the healthcare context (Harrison et al. 2014). Finally, the
denominator neglect findings were heterogeneous in Zipkin
et al. (2014) review of communicating probabilistic health
risks; however, the review found that natural frequencies
were easier for people to understand, in line with Ancker
et al. (2006). As such there appears to be evidence that peo-
ple find it easier to understand risks when they are communi-
cated using natural frequencies and may mitigate against the
denominator neglect.

Of the 10 papers that reviewed understanding probabil-
ity, 5 included understanding of uncertainty, though the
conceptualization of uncertainty varies slightly across the
studies. Harrison et al. (2014) reviewed studies that used
discrete choice experiments to evaluate methods of present-
ing healthcare-related risks to patients and healthcare staff.
They found that risk is most commonly presented as a point
estimate with no inclusion of range or variability to signify
the uncertainty, which influences the understanding of risk.
In Boehmert et al.'s (2020) RF-EMF review, scientific knowl-
edge comprehension was not influenced by the presence or
absence of an uncertainty statement. Meanwhile, Ripberger
et al. (2022) discovered that people can infer uncertainty
when given a deterministic forecast but understanding can be
improved by providing a probabilistic forecast that acknowl-
edges uncertainty. However, as previously mentioned, people
misinterpret confidence intervals, suggesting people's ability
to grasp uncertainty and ranges may be limited. A review
of effective cardiovascular risk communications to improve
understanding was the focus of Schulberg et al. (2022). They
concluded that individuals' uncertainties of risk were reduced
when people were provided with a direct and personal com-
munication such as cardiovascular imaging. Finally, Sopory
et al.'s (2019) review was specifically focused on how to com-
municate the uncertainty of emergency public health risks to
the general public, stakeholders, and vulnerable groups. They
outline that the general public often misinterpret uncertainty
information and scientists and some members of society are
unable to conceptualize or understand uncertainty. Despite
this they conclude that the communication of uncertainty
should be carried out in a clear and non-contradictory way.

Overall, the review of reviews highlights that the comprehension
of probability and uncertainty information varies amongst both
the general population and domain experts. Evidence reviewed
in this body of literature demonstrates that the presentation of
probabilistic information can be improved by reducing the cog-
nitive effort people need to expend, for example by using natural
frequencies that facilitate easy comparison. Additionally, people

can infer uncertainty from deterministic information and pro-
viding uncertainty information can improve comprehension
and judgment, though care must be taken in communicating
uncertainty to ensure it is not confusing.

3.2.2 | Presentation of Risk and Probability
Information

Twelve studies reviewed the alternative ways of presenting risk
information and their impact on understanding. Namely studies
focused on (1) visual or graphic aids such as icon arrays, graphs
and infographics and/or (2) comparison of quantitative versus
qualitative probability descriptors.

Decision aids of various formats and media had a positive impact
on patients understanding and pictorial communications show
some promising results, however, there is a lack of consensus
on the most effective way to communicate medical risks (Ghosh
and Ghosh 2005). In a number of studies, graphical or pictorial
images were identified as effective methods for communicat-
ing risk, but study heterogeneity and mixed results made it dif-
ficult to draw conclusions (Coyle and Gillies 2020; Ghosh and
Ghosh 2005; Harrison et al. 2014; Stellamanns et al. 2017; Zipkin
etal.2014).Iconarrays, in particular, were suggested asavaluable
method for communicating risk as they convey gist, or compare
the risk to other well-known risks (Ancker et al. 2006; Harrison
et al. 2014; Ripberger et al. 2022; Stellamanns et al. 2017; Zipkin
et al. 2014). Meanwhile, bar charts also showed promise as a
communication method for improving understanding (Ancker
et al. 2006; Stellamanns et al. 2017; Zipkin et al. 2014) as did
risk ladders (Ancker et al. 2006; Harrison et al. 2014). However,
Schulberg et al. (2022) study of cardiovascular risk found bar
charts and infographics were less successful at improving un-
derstanding compared to heart age and cardiovascular imag-
ing and that generally, graphical formats had a mixed effect on
understanding. However, this finding may be due to heart age
and cardiovascular imaging communicating individual risk,
while bar charts and infographics communicated generic risk.
Meanwhile, reviews on flood risk communications (Kellens
et al. 2013) and communicating probabilistic risk information
about cancer treatment (van de Water et al. 2020) found such
diverse results that no conclusion could be made.

The issue of complexity in risk information was raised by
two studies. While patients may prefer simple graphs, they
are not always suitable for communicating complex informa-
tion (Ancker et al. 2006). In the context of weather forecasts,
Ripberger et al. (2022) highlight the distinction between visu-
alizations which emphasize the most likely outcome, versus
visualizations which emphasize the potential for alternative
possibilities (in the case of weather forecasts as in climate, this
may include showing individual model simulations with a range
of outcomes). The latter approach has been found to be helpful
for improving awareness of risk and possible options, but it may
also distract from the most likely outcomes.

The comparison of quantitative and qualitative communica-
tion of probability information was conducted by eight reviews.
Qualitative descriptors of probability information were found to
be less effective at improving understanding than quantitative

14 of 19

Wiley Interdisciplinary Reviews: Climate Change, 2025

95UB017 SUOLILLOD BAIN8ID 3ol [dde 8y} Aq peusAob 812 Sajole YO 8SN J0 S9|NJ 10} Afeid1 ] 8UIIUO A8]IAN UO (SUOTIPUOD-PUE-SWRIALIOS™AB | 1M Akeq1puljuo//Sdny) SUONIPUOD pue swie | 841 89S *[9202/20/6T] Uo ARiqiauliuo A|im ‘Akiqi uoreyiolg 8y L Spse JO AISeAIUN AQ £200. 99M/Z00T 0T/I0p/W0d A8 | ARIq1jBul UO'Sa1Iw/Sdiy Wiy popeoumod '9 'SZ0Z '6622.G.T



methods (Andreadis et al. 2021; Harrison et al. 2014; van de
Water et al. 2020; Zipkin et al. 2014). The qualitative descrip-
tors of healthcare-related risks were one of the least successful
ways to communicate risk in Harrison et al. (2014) and patients
had lower understanding of qualitative descriptors compared
to natural frequencies, event rates (e.g., 63 deaths per 100,000
population) or icon arrays in Zipkin et al. (2014). Similarly, per-
centage and frequency formats about the side effects of cancer
treatments were better understood by cancer patients, healthy
participants and HCPs than qualitative descriptors of probabil-
ity information, although they highlight that the results may
have been biased by the design of the studies due to recall bias
(van de Water et al. 2020).

Qualitative descriptors of probability (e.g., “likely”) are usually
associated with a quantitative estimate (e.g., 66%-100% likeli-
hood) by those generating risk information. However when
given qualitative descriptors of probability, people can associate
these with the incorrect quantitative likelihood estimates or the
interpretation of qualitative descriptors (e.g., “likely” and “very
likely”) may overlap with one another (Andreadis et al. 2021;
Sopory et al. 2019). In the case of the term “common” which, in
this specific context, had an expert assigned numeric estimate
of 58.7%, lay people gave estimates ranging between 10% and
100% (Andreadis et al. 2021). While quantitative probabilities
can sometimes improve understanding, they are still open to
misinterpretations and qualitative descriptors were found to
be effective at improving understanding of cardiovascular risk
(Schulberg et al. 2022). Quantitative and qualitative descriptors
of probability may be understood differently depending on the
level of numeracy of the reader (Ripberger et al. 2022), and as
such quantitative and qualitative descriptors may be best pre-
sented alongside each other (Andreadis et al. 2021; Ripberger
et al. 2022).

The review of reviews has therefore identified key findings on
how the presentation of risk influences understanding. Icon
arrays and bar charts generally improve understanding of in-
formation, though further research is required for other types
of graphics, and context is likely to play a role. Icon arrays, in
particular, are health risk specific and often communicate the
likelihood of people being affected. Meanwhile, presenting
probability information in a quantitative way is more effective
for improving understanding than using associated qualitative
descriptors, due to ambiguity in how verbal probabilities are
interpreted.

3.2.3 | Framing of Risk Information

The way risk information is framed in communication and its
effect on understanding was reviewed by six papers and in-
cludes loss/gain or positive/negative framing, and individual
versus generic risk framing (see Table 2 for examples). Framing
gives some elements of a complex problem more emphasis to
assist readers in understanding the risks, why it matters and
what should be done (Nisbet and Mooney 2007). Harrison
et al. (2014) found that 87% of healthcare-related risks were
framed negatively. The way a risk is framed was found to in-
fluence understanding; however the direction of this influence
was inconclusive due to mixed results (Coyle and Gillies 2020;

Ripberger et al. 2022; van de Water et al. 2020). Meanwhile com-
municating that “an event will occur” versus “an event will not
occur” has an impact on how people estimate the probability of
the event. When the event is framed to occur, people overesti-
mate the event's probability. When the event is framed to not
occur, people underestimate the probability.

The comparison of individual and generic risk communica-
tion was reviewed by two papers, focused on health risks. The
sole review in this review of reviews that calculated the ef-
fect size explored health risks such as coronary heart disease,
HIV, smoking and cancers. They calculated that the individual
risk estimates had a larger effect than generic risk estimates.
However, the outcome variables used to measure the effect size
included perception, behavior, and anxiety as well as knowledge
rather than knowledge alone (Edwards et al. 2000). Meanwhile
in a review of cardiovascular disease risk communication, there
was no conclusion on the influence of individual cardiovascular
risk on understanding (Schulberg et al. 2022). Overall, there is
evidence that framing influences understanding but there is no
consensus on the direction of this influence.

3.2.4 | The Process of Risk Communication

Five review papers explored the processes that occur when
developing risk communications. Boyd and Furgal (2019) re-
viewed literature on environmental health risk communications
for Indigenous populations. They found that engaging with in-
digenous populations to develop risk communications that had
suitable message design, were tailored to the context, and used
suitable, culturally sensitive language, were more likely to be un-
derstood by the population. Boase et al. (2017) reviewed studies
that have adopted the mental models approach to risk commu-
nication (MMARC). MMARC follows a five-step process which
includes engagement with stakeholders to understand their
mental models and evaluating communications with the target
population (Morgan 2002). MM ARC acknowledges that people's
views and knowledge are influenced by experiences, external
information sources and complex information, some of which
may not be accurate. An MMARC approach resulted in signif-
icant improvements in people's knowledge, and they conclude
it is a useful framework for developing such communications.

In the healthcare setting, HCPs had different requirements for
the types of drug risk communications they receive (Mollebaek
et al. 2019). While some wanted specific recommendations,
others wanted facts that could be used to inform patients’ deci-
sion making. HCPs adapt the risk communication they receive
depending on their patients' literacy so that the information
is better understood. Similarly, in public health emergencies
it is highlighted that there is a flow of information and deci-
sion making, within which uncertainty can propagate (Sopory
et al. 2019). If this information flow is unclear, contradictory
or inconsistent it can result in confusion and poor decision-
making. They also note that this flow of information can be hin-
dered if experts and policymakers understand, and experience,
uncertainty in different ways. Finally, in a review of probabil-
ity information for cancer treatment risks, authors suggest that
providing smaller amounts of information over a long period of
time could improve understanding (van de Water et al. 2020).
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Overall, consideration and interaction with the end user can
improve their understanding of the risk and make an informed
decision. The flow of information is also an important consider-
ation as experts make decisions about how and when the infor-
mation is passed along.

4 | Discussion

We have reviewed 17 review papers to explore literature on risk
communications for improved understanding. Based upon this
study five key findings that are relevant for communicating fu-
ture climate information will be discussed.

1. Lay people and scientists alike struggle to interpret proba-
bility information.

The review has found that many people, including experts and
scientists, misinterpret probabilities and statistics. When com-
municating uncertain future climate information, it is import-
ant to try and reduce the mental load of interpretation for all
involved, including scientists. In a study with participants from
climate-adjacent UK organizations, 79% and 46% of partici-
pants described probability estimates as a feature that hindered
their understanding of maps and graphs, respectively (Kause
et al. 2020). When communicating climate projection probabil-
ities and statistics (such as relative change or percentiles) care
should be taken to explain them and not assume that they will
be correctly interpreted by people, even those who are in the
field of climate change.

2. Differences in interpretation of qualitative and quantita-
tive probability descriptors.

Qualitative descriptors for probability (e.g., “very likely”) are not
as well understood as quantitative descriptors (e.g., 90%-100%
likelihood). The IPCC has calibrated language and frameworks
for likelihoods which include quantitative and qualitative de-
scriptions (Mastrandrea et al. 2011). These have also been ad-
opted beyond IPCC reports. Despite a calibrated framework,
IPCC authors disagree on how to communicate probabilistic
information (Janzwood 2020).

3. Use natural frequencies when communicating ratios.

The review found that using a common denominator (e.g., 1 in
10 and 2 in 10, rather than 1 in 10 and 1 in 5) can improve peo-
ple's understanding. This may be relevant when talking about
future risks such as floods and their return periods which are
often communicated as a “1 in 100-year event” or “1 in 5-year
event.” However, further research is required as people mis-
interpret the likelihood of a risk when it is communicated as
a return period, especially if that event has occurred recently
(Grounds et al. 2018).

4. Icon arrays can enhance comprehension.

Although such visualizations are not widely used for communi-
cating climate projections icon arrays could be an effective and
new method for climate communications. Similarly, infograph-
ics could provide aesthetic and well-explained information

about climate risk. Given IPCC graphics can be too complicated,
icon arrays (Fischer et al. 2018; McMahon et al. 2015) might be a
simpler option for future documents.

5. Interaction with information users and drip-feeding infor-
mation can improve understanding.

This resonates well with processes in climate services, where
working with decision-makers over a long period of time, and
collaborating to co-produce information has been found to
create shared understanding (Jack et al. 2020). Mental models
could be a useful way to identify how people understand climate
information and improve communications (Mayer et al. 2017).

While there are key takeaways for communicating climate risk
from this predominately health-focused review of reviews, some
findings are not as relevant. There are three areas including:
timeframe of the risk; communicating individual risk instead of
generic risk; and the visualizations of risk information.

This study has found individual risks can be a more appropri-
ate method for communicating risk compared to generic risk.
Communication of individual risk in the context of climate risk
is not common and the low spatial resolutions of climate pro-
jections make it challenging to provide personalized climate in-
formation (Smid and Costa 2018). Regarding the timeframe of
the risk, in a healthcare or emergency setting there may be less
time to properly interpret probabilistic information and the risk
is more imminent than climate risks. Although IPCC scientists
have limited time to work on reports and assign confidence and
likelihood estimates (Janzwood 2020; Kause et al. 2022), it can-
not be compared to the healthcare or emergency public health
context in which some of these studies are placed. Finally, the
health and climate disciplines use different visualizations. Line
(plume) plots, box plots and maps are more common ways of vi-
sualizing climate projections. While bar charts are sometimes
used in seasonal forecasts, they are not currently used within
climate projections. Meanwhile decision aids or support tools
have different goals within healthcare and climate, with the
former aiming to support individual patient decision making or
changing behavior. Meanwhile, a decision aid, in the context of
climate adaptation, may come in the form of a climate service
and is likely to be developed specifically for targeted sectoral
decision makers within organizations and businesses (Vincent
et al. 2018).

This review of reviews may have been limited by the focus on
“risk communication,” there may be other studies on commu-
nicating uncertainties that were not identified. Furthermore, as
this was a review of reviews, it was challenging to get a detailed
understanding of all the methodologies used in the studies in-
cluded in the review papers. It is also difficult to get a detailed
view of the participants in each study, and how their experience,
education and background might influence the findings. Where
consensus could not be reached in the review studies, it may
have been due to heterogeneity in methodology, study design
and contexts. As such, it is challenging to assess whether un-
certainties are due to genuine variation between people in how
they interpret information, or due to differences in the meth-
ods or contexts. However, it is worth noting that five of the re-
views highlighted a need for improved study designs. While the
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reviews covered here focus on the communication of risk and
uncertainty, it should be noted that none fully considered how
metacognition (a recipients’ awareness and insights into their
own reasoning, and motivational biases) may affect how infor-
mation is interpreted.

Given risk communication and systematic reviews have their roots
in the medical and health disciplines, it is no surprise that the
studies in this review are dominated by health and medical risks.
Nevertheless, the review has highlighted useful insights that could
be applied in climate communications. Additionally, it highlights
the need for risk communication research focusing on future cli-
mate information, for example to test common climate visualiza-
tions such as plume plots and maps. Finally, the countries included
in the studies in this review, as well as lead authorship, are not rep-
resentative of all regions. More research is urgently needed on re-
gions outside of North America and Europe, as cross-country and
culture differences exist in the interpretation of risk information
(Daron et al. 2015 and Kause et al. 2020).

5 | Conclusion

This review identified reviews which specifically focused on
risk communications for improved understanding. Although all
risk types were included, the majority were in the health disci-
pline, and as such, may not be journals that climate research-
ers read. The study design, contexts and risk types were highly
heterogeneous, making it difficult to generalize; however, there
are findings that are relevant to climate change. These include
the effectiveness of bar charts and icon arrays; the varied com-
prehension of probabilistic information and uncertainty infor-
mation, ineffectiveness of qualitative descriptors of probability
information compared to quantitative descriptors and the im-
provement of understanding of risks when adopting a collabora-
tive design of risk communication.
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