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Abstract 

Background  Wildfire smoke exposure has become a growing public health concern, as megafires and fires 
at the wildland urban interface increase in incidence and severity. Smoke contains many pollutants that negatively 
impact health and is linked to a number of health complications and chronic diseases. Communicating effectively 
with the public, especially at-risk populations, to reduce their exposure to this environmental pollutant has become 
a public health priority.

Although wildfire smoke risk communication research has also increased in the past decade, best practice guid-
ance is limited, and most health communications do not adhere to health literacy principles: readability, accessibility, 
and actionability. This scoping review identifies peer-reviewed studies about wildfire smoke risk communications 
to identify gaps in research and evaluation of communications and programs that seek to educate the public.

Methods  Four hundred fifty-one articles were identified from Web of Science and PubMed databases. After screen-
ing, 21 articles were included in the final sample for the abstraction process and qualitative thematic analysis. Ten 
articles were based in the US, with the other half in Australia, Canada, Italy, and other countries. Fifteen articles exam-
ined communication materials and messaging recommendations. Eight papers described communication delivery 
strategies. Eleven articles discussed behavior change. Six articles touched on risk communications for vulnerable 
populations; findings were limited and called for increasing awareness and prioritizing risk communications for at-risk 
populations.

Results  This scoping review found limited studies describing behavior change to reduce wildfire smoke exposure, 
characteristics of effective communication materials and messaging, and communication delivery strategies. Litera-
ture on risk communications, dissemination, and behavior change for vulnerable populations was even more limited.

Conclusions  Recommendations include providing risk communications that are easy-to-understand and adapted 
to specific needs of at-risk groups. Communications should provide a limited number of messages that include 
specific actions for avoiding smoke exposure. Effective communications should use mixed media formats and a wide 
variety of dissemination strategies. There is a pressing need for more intervention research and effectiveness evalua-
tion of risk communications about wildfire smoke exposure, and more development and dissemination of risk com-
munications for both the general public and vulnerable populations.

Keywords  Risk communication, Wildfire smoke, Smoke exposure, Vulnerable populations, Communications 
dissemination, Health literacy
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Background
Wildfire smoke events and their health impacts
Wildfire smoke exposure is a growing public health 
concern. Large wildfire events have increased [1] due 
to multiple factors including increased aridity and 
storms from climate change, and outdated fire sup-
pression strategies. This increase has led to larger over-
all acreage burned and more smoke days per year [2]. 
Additionally, wildland urban interface (WUI) fires and 
homes in the WUI have increased [1, 3]. A growing 
body of research over the past two decades has docu-
mented that such smoke contains many pollutants that 
negatively impact health, including over the long-term 
[4]. Wildfire smoke is linked to adverse cardiovascu-
lar, respiratory, dermatologic [5–7] and nervous sys-
tem outcomes [6–10]; has metabolic effects linked to 
diabetes [8]; and contains toxins that can contribute to 
cancer [11]. The evidence for mortality effects (respira-
tory and all-cause) is particularly robust [6, 10, 12–14]. 
Additionally, recent research demonstrates that smoke 
may contribute to adverse pregnancy and birth out-
comes such as low birthweight [15, 16], infant wheezing 
[16], and infertility [17]. Other research also points to 
the psychiatric consequences of wildfire smoke [18, 19].

Wildfire smoke is especially problematic for children, 
contributing to the development of asthma and increas-
ing asthma exacerbations [7, 16, 20–22]. Children are 
known to be especially vulnerable, both because they 
are growing and also because they breathe more pol-
lutants relative to their size compared to adults [3, 
23]. Recent reviews of wildfire smoke effects in chil-
dren indicate a rapidly growing body of literature, with 
substantial evidence of respiratory, mental health, and 
birthweight effects in those exposed to wildfire smoke, 
in addition to some evidence for a variety of impacts 
on other conditions such as cardiac function [24–26]. 
Wildfire smoke has especially impacted vulnerable at-
risk populations [2], including Black, Indigenous, and 
People of Color (BIPOC) [1, 27, 28] as well as rural 
farming communities [18]. Vulnerable adult popula-
tions are more likely to have several chronic conditions, 
such as diabetes and cardiovascular disease, which 
already impact certain populations more than others, 
e.g., Black/African Americans have more hyperten-
sion and stroke, certain Latino populations and Native 
Americans have higher risks for Type 2 diabetes [29]. 
Vulnerable populations are at higher risk for exacerba-
tions of those conditions, such as experiencing myocar-
dial infarctions and/or strokes, during wildfire smoke 
events [6, 9, 10]. Therefore, the need for effective risk 
communications regarding wildfire smoke is especially 
critical for these vulnerable populations.

Current state of wildfire smoke risk communications
As the incidence and severity of wildfire smoke events 
increase and the serious health impacts become better 
understood, communicating effectively with the public 
to reduce their exposure to this environmental pollut-
ant is a priority for public health interventions, espe-
cially for the most at-risk populations. Wildfire smoke 
risk communication research and communication 
interventions have greatly increased during the past 
decade [7, 30–32]. This includes messaging primarily 
by publicly-funded organizations such as the US Envi-
ronmental Protection Agency (EPA), US Department of 
Health and Human Services, Centers for Disease Con-
trol and Prevention, and state, county, and city govern-
ments in the U.S [33–37]. as well as from community 
organizations in other countries [35, 38], all of which 
have prioritized risk communication on wildfire smoke 
related health effects.

There are a number of concerns with existing risk 
communication materials. Wildfire (“forest fire” 
and “bushfire” are equivalent terms used in different 
parts of the world) smoke exposure is an emergency 
event which increases the challenge of timely, effec-
tive communications. Cowie et  al. found that health 
communications during wildfire events are a major 
challenge; such communications lacked reference 
to health risk changes based on exposure level and 
ages, protective actions to limit exposure over peri-
ods of time, and effective reporting and dissemina-
tion pathways [2]. Walsh et  al. found that caregivers 
of children aged 5–12 perceived smoke as a signal of 
wildfire danger rather than as a health hazard itself, 
and none of these caregivers had access to informa-
tion about wildfire smoke intended to guard chil-
dren’s health [1]. An additional issue is the general 
lack of alignment of wildfire smoke risk communica-
tion materials with accepted health literacy principles. 
Health literacy principles advocate for clear commu-
nication for the public; easy-to-understand materials 
to help people understand health information, make 
informed health decisions, and take health-promoting 
actions [39]. However, studies show that most health 
communications do not adhere to health literacy prin-
ciples related to readability, accessibility, and action-
ability—a major problem for vulnerable populations 
[1, 36, 40, 41]. Although the fields of risk communi-
cation and crisis communication provide a wealth of 
evidence-based guidance on communicating general 
and emergency health risks [42, 43], wildfire smoke 
risk communication research has emerged mostly in 
the past decade and best practice guidance is still lim-
ited [13, 44].
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Objective of this scoping literature review
In 2021, members of our research team conducted an 
environmental scan [45] of existing and widely distrib-
uted wildfire smoke materials and determined that very 
few met the standards for good health literacy and clear 
communication. Given the gaps we found in our envi-
ronmental scan, and the critical need for effective com-
munication about wildfire smoke dangers and ways to 
reduce exposure, the need for a literature review in this 
area was clear. The objective of this scoping literature 
review is to identify: 1) relevant peer-reviewed studies 
about wildfire smoke risk communications, including 
communication resources for vulnerable, at-risk popu-
lations; 2) characteristics of effective communications, 
dissemination strategies, and gaps in the peer-reviewed 
literature; and 3) recommendations to improve wildfire 
smoke research and communication practices.

Methods
Inclusion criteria
This scoping review [46] focused on wildfire smoke risk 
communications for the public. Journal articles included 
in this scoping literature review were peer-reviewed, 
indexed in PubMed or Web of Science databases, availa-
ble online, and available in English or Spanish. The search 
was not limited by years of publication.

Exclusion criteria
Journal articles excluded were those focused on wild-
fires rather than wildfire smoke risk communications, 
for example, protecting one’s property, preparing one’s 
household for a fire (e.g., “go bags”), or escaping from 
wildfires. Articles about effects of fires on health out-
comes, mortality-related studies, chemical fires, post-fire 
interviews, and smoke plumes with satellite/remote sens-
ing were also excluded. Gray literature, general Internet 
searches, and case studies were excluded.

We excluded articles if indicated articles were not 
within the scope of our topic, based on title review, then 
conducted abstract review, and finally full article review/
reading/abstraction. We also scanned bibliographies of 
articles to identify any additional articles that should be 
included.

Search criteria
Article searches were conducted between October and 
December 2021 using PubMed and Web of Science data-
bases. No limit was applied to the earliest date of publica-
tion to ensure the largest sample possible was collected. 
Search terms included: communication, communication 
strategies, education, effectiveness, environmental expo-
sure, fire, risk communication, smoke, smoke exposure, 

wildfire smoke, and bushfire; various combinations of 
these terms were used. Bibliographies of articles were 
also reviewed for article inclusion.

Process of review
After each search, three members of the research team 
(MV, SI, HB) reviewed the titles and abstracts of the out-
puts from the searches. After the initial title and abstract 
review, twenty-four articles were distributed to one of 
four team members (the three original team members 
and an additional member (LN)) for review. Throughout 
the period of review and abstraction, the team members 
met biweekly to address questions, discuss the articles, 
and talk through disagreements.

Abstraction and analysis plan
The abstraction process included four categories for 
review: risk communication approaches, research design 
and methods, population in the study, and results and 
recommendations. These four categories were selected to 
ensure that data collected from articles were comprehen-
sive, concise, and consistent. The category, “risk commu-
nication approaches”, organized information about risk 
communications programs, materials, and strategies. The 
category, “research design and methods”, was included to 
examine the quality and robustness of the articles. The 
category, “population in study”, provided context around 
population size, location, and sampling frame. The cate-
gory, “results and recommendations”, contained key arti-
cle findings and takeaways. After abstraction, the team 
determined that twenty-one articles would be included in 
the scoping review. A PRISMA Diagram depicts the flow 
of information (articles identified, included, excluded, 
and reasons) through the different phases of a review (see 
Fig. 1) [47].

Four members of the research team (MV, SI, LN, HB) 
conducted the qualitative thematic analysis. Data col-
lected from articles during the abstraction process were 
coded and organized into categories. If category consist-
ency was not reached, the research team discussed the 
issues and reached consensus. Analysis was an iterative 
process with additions or rearrangement of codes and 
categories. Themes were communication materials and 
messages, communication delivery strategies, behavior 
change, and communications for vulnerable populations. 
Categories were incorporated as subsections of the four 
themes. Google Workspace software [48] was used for 
this qualitative analysis.

Quality of articles
Articles were assessed for quality based on study design 
and methods (see Table  1). Within the final sample, 
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study designs, in order of rigor were randomized con-
trolled trial, quantitative study, mixed methods study, 
literature review, and qualitative study. Authors reviewed 
papers for qualitative indicators, such as robustness of 
study design, recruitment, randomization, sampling, and 
methods (e.g., intervention, survey, database searches, 
interviews) with the intent of ranking them by rigor 
within each category. However, due to the limited sam-
ple of available articles and methodological similarities 
among multiple articles in each study design category, 
authors made the decision to organize articles alphabeti-
cally within each of the study design categories. Table 1 
describes study design and methods.

Results
The final sample of this scoping review consisted of 
twenty-one articles. Table  1 is a summary of the arti-
cles (see Table  1). Ten were based in the United States, 
six in Australia, two in Canada, and one in Italy. Two 
more articles included multiple countries in the studies. 
The results below are grouped into four sections related 
to communications materials, dissemination strategies, 

behavior change, and communications for vulnerable 
audiences—with a focus on gaps and recommendations. 
Table 2 contains detailed information extracted from the 
articles (see Table 2).

Communications materials and messaging findings 
and recommendations
Fifteen articles examined communications materials and 
messaging, and they offered recommendations including 
discussion of messaging content and design (5 articles), 
approaches to communications (2), use of a mobile appli-
cation (3), use of real-life video footage (1), use of map-
ping for information distribution (2), effectiveness of risk 
communications (6), and communication gaps (2).

General messaging content and design
Five articles recommended messaging that uses simple, 
direct, clear, current, accurate, and specific language [33, 
35, 38, 44, 55]. Authors commented that it is important 
that the communications are well-recalled, understood, 
and followed. This messaging should include informa-
tion about fire locations, timeframes, safety, where to 

Fig. 1  PRISMA diagram
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get additional updates and actions that people can take 
[33, 35]. Messages should also be timely, practical, con-
sistent, and provide details about short-term and long-
term health effects [38, 55]. Marfori et al. also noted that 
participants remembered short messages and gained 
knowledge but expressed interest in having added mes-
sages that were about both the short-term and long-term 
health risks of wildfire smoke [38].

Two articles provided more guidance for risk commu-
nications [36, 56]. Damon et  al. called for ‘new’ materi-
als to maintain public risk awareness year after year 
[56]. Messaging must be non-alarming and scientifically 
grounded. The public must be convinced of their self-effi-
cacy to take recommended protective actions and must 
be notified to take actions against wildfire smoke expo-
sure in a timely manner. Sugerman et al. discussed mes-
saging that contains both non-technical actions, such as 
staying inside and closing windows, as well as technical 
actions, including use of home filtration devices or N95 
masks [36]. They found that people’s non-technical recall, 
understanding, and compliance is high, but that technical 
messaging about High Efficiency Particulate Air (HEPA) 
filters and N-95 respirators should be better explained to 
the public.

Use of various media for communications
Three articles addressed the benefits and barriers of using 
the Smoke Sense mobile application, and assessed the 
knowledge gains from using the app [34, 49, 51]. Smoke 
Sense is a smartphone application, originally developed 
by the US EPA, that provides wildfire-related health 
risk resources and engages affected participants (“citi-
zen scientists”) on wildfire smoke issues. Smoke Sense 
also shares information about daily air quality, maps of 
fire locations, and satellite images of smoke plumes [51]. 
In two different papers, Hano and their EPA colleagues 
concluded that it was a valuable app to provide general 
information about smoke risk for individuals, organiza-
tions, and communities, but that it needed improve-
ment to provide population-specific information [34, 51]. 
Authors found that the Smoke Sense app can support 
organizations that can disseminate information about 
wildfire smoke, as well as support community efforts to 
protect sensitive and vulnerable groups [34, 49, 51].

From these qualitative and quantitative studies, recom-
mendations for messaging included increasing individu-
als’ knowledge about smoke risks to protect themselves 
or their families, building self-efficacy for reducing expo-
sure and actions to take, linking exposures to symptoms 
and cost-benefit relationships as well as information 
related to individuals’ personal concerns, and emphasiz-
ing the impact that reducing exposure may have on what 
individuals care about, e.g., maintaining good health and 

fitness [34, 51]. Furthermore, related to behavioral out-
comes, an unblinded randomized controlled trial found 
that Smoke Sense app use among a specific vulnerable 
group – young adult participants with provider-diag-
nosed asthma – resulted in better asthma management 
during poor air quality days [49]. Postma et al. discussed 
the use of different features (e.g., peer message boards, 
daily spirometry readings, and air quality updates), which 
were integrated by technology partner Urbanova, within 
Smoke Sense, to increase engagement from participants 
and knowledge about smoke exposure/its effects on those 
with asthma [49].

One qualitative study found that showing real-life, vivid 
video footage of past wildfires could be a useful commu-
nication approach because it led to an increase in some 
desired behaviors, such as seeking knowledge, reducing 
exposure, finding more information about risk to home/
area, and speaking with household and community mem-
bers—actions linked to reducing exposure to wildfires 
and smoke [54].

Use of mapping for information dissemination
Studies by Stieb et al. and Cao et al. found that maps were 
effective for sharing information as well as increasing 
people’s knowledge about wildfire smoke and other envi-
ronmental emergencies [37, 50]. Steib et  al. researched 
the use of mapping health risks from natural hazard 
exposures (floods, wildfires, and contamination of air and 
water) as a risk communication technique and found that 
maps were better understood and interpreted than text 
[37]. The authors concluded that app and map develop-
ers should engage in an iterative process to design maps. 
Inclusion of visual cognitive science features (e.g., color, 
position, patterns, motion) and actionable information 
was important to adapt maps for effective risk communi-
cations. Cao et al. recommended a hybrid approach that 
combines maps with selected text message information 
[50]. Appropriately designed maps also better communi-
cated wildfire and wildfire smoke warning information, 
improved comprehension, elevated risk perceptions, and 
increased appeal to the public. These maps were best 
complemented by textual descriptions of safe shelters, 
such as landmarks, names, and addresses.

Effectiveness of risk communications: Overall, as 
described above, eight articles [34, 36–38, 49–51, 54] in 
this category included assessments of effectiveness of 
risk communications for improving knowledge, behav-
ior change, and health outcomes. Two articles noted 
that people effectively understood and recalled informa-
tion from general messaging content and design [36, 38]. 
Six articles found that the use of various media, such as 
Smoke Sense app, video with real-life footage, and maps 
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(especially maps that include text linked to spatial fea-
tures), helped to improve knowledge, behavior change, 
and health outcomes [34, 37, 49–51, 54].

Gaps in communications
Two papers examined gaps in communications [60, 62]. 
Van Deventer et  al. found wide variation in message 
content [62]. The most common personal interventions 
included reducing activity and staying inside during 
wildfire smoke events. However, regarding information 
specific to vulnerable populations, less than half of 85 
government sources (47 social media-based messages, 
38 digital articles from website) and 188 media mes-
sages (all digital articles from news sources’ websites) 
examined contained information about wildfire smoke. 
Approximately half contained a reference to a trusted 
source of information, but high-efficiency particulate air 
(HEPA) filtration was not mentioned at all. They con-
cluded that government and news media would benefit 
from improved coordination of information about health 
risks of smoke exposure, approaches to reduce exposure, 
input from vulnerable populations, and risk communi-
cation tools, templates, and resources. Riden et  al. dis-
cussed limitations in safety precautions for farmworkers 
during wildfire smoke, including the need for protective 
masks or respirators, air quality monitors, and changes to 
work schedules during events, and suggested that better 
resources are needed to assist employers and supervi-
sors in complying with wildfire smoke safety regulations 
[60]. Agricultural employers varied in their knowledge 
and experience relative to responding to poor air quality 
caused by wildfire smoke.

Communication delivery strategies: dissemination 
methods, pathways, and recommendations
Eight articles discussed communication delivery strate-
gies, including traditional and digital communication 
strategies (7 articles), and allocation of resources within 
agencies specifically designated for communication and 
outreach measures (1 article).

Traditional and digital communications
Eight articles outlined common communication channels 
[33, 35, 36, 38, 44, 52, 55, 56]; three of these articles were 
literature reviews [35, 44, 55].

Authors recommended communicating through a 
combination of channels: radio, television, internet, 
social media, social networks, hotlines, mass media, local 
papers, and phone to effectively deliver knowledge and 
encourage behavior change [33, 35, 36, 44, 55, 59]. Burns 
et al. found that respondents older than 40 years of age 
tended to receive risk communications through emer-
gency services and city councils, radio and local papers, 

and from members of local organizations or government 
[33]. However, in 2009 and 2010, respondents under 
40  years of age most commonly used television, local 
papers, friends, family, and neighbors. More recently in 
2020, Keegan et  al. stated that traditional sources like 
television have been the preferred method of commu-
nication delivery but that a preference for online and 
smartphone-based communication has emerged among 
younger, female, and urban populations [55]. Addition-
ally, authors recommended locations for communica-
tions, such as post offices, road signs, schools, retirement 
facilities, childcare areas, presentations at public events, 
and billboards [33, 44, 59]. They commented that com-
munication from healthcare workers, texts, and social 
networks may be effective, but require further research.

Authors provided recommendations on timing for 
communications delivery. The review by Keegan et  al. 
concluded that messages should be delivered as early as 
possible to give people time to plan and act in the case of 
a smoke event [55]. Damon et al. discussed disseminating 
information in a timely and effective manner and using 
“message blanketing” at all local media outlets, in addi-
tion to statements from local opinion leaders and organi-
zations [56].

Articles included findings regarding the knowledge 
gain and recall of communications about wildfire smoke. 
Mott et  al. discussed people’s recall of several interven-
tions including public service announcements (PSAs) 
after a wildfire event and commented that participants 
more frequently recalled PSAs distributed via radio and 
by physician/clinical personnel [52]. In a qualitative study 
done by Marfori et  al., participants recalled delivery 
strategies including media releases, digital information 
and social media posts from public health and emergency 
services, and word of mouth [38]. Participants reported 
that social media was a source that provided more infor-
mation about smoke than the information on wildfires 
that dominated the other news platforms. Participants 
also shared that it was difficult to know which sources 
to rely on and that they trusted official communications 
from governments more than those shared on social 
media from non-government sources. Social media was 
found to allow real-time dialogue between authorities 
and the public, and amplified messages.

Resource allocation for wildfire smoke communications
Olsen et al. suggested prioritizing fire and smoke-related 
communications within agencies by allocating agency 
resources specifically for staff training in communica-
tion and outreach endeavors, and for coordinating mes-
sages across and within agencies [59]. Authors found 
that taking advantage of existing resources including 
informal social networks among the public, and building 
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long-term relationships both between agencies as well 
as with the public were viewed as effective in distribut-
ing communications to audiences [44, 55, 59]. Olsen et al. 
warned against inconsistent messaging from different 
agencies and inadequate reach of messages [59]. Their 
recommendations included aligning internal priorities 
when communicating and building relationships with the 
public, as well as evaluating communications delivery to 
the intended number of people.

Effectiveness of risk communications
Overall, five articles in this category included assess-
ments of effectiveness of risk communications for 
improving knowledge gains, behavior change, and health 
outcomes. These articles discussed traditional and digital 
communications that were effective for successful and 
timely dissemination of risk communications [33, 44, 52, 
55, 59].

Motivating behavior change: knowledge acquisition 
and trust building
Eleven articles discussed behavior change, including 
motivating public behavior change through community-
level interventions (5 articles), increasing knowledge 
about wildfire smoke risk exposure among practition-
ers serving the public (3 articles), and examining public 
trust (3 articles). All eleven articles assessed behavior and 
behavior change (but not behavior intention) in the con-
text of reducing wildfire smoke exposure.

Community‑engaged interventions
Five articles described in-person intervention approaches 
associated with behavior change [34, 49, 52, 54, 57].

Authors of two articles discussed community-level 
interventions for Indigenous populations. In their 
qualitative study, Dodd et  al. interviewed members of 
three Tribal Nations in Canada [57]. They found that 
community-based initiatives could reduce the impact 
of smoke exposure on physical, mental, and emotional 
well-being. These initiatives included removing flam-
mable materials from around houses, joining commu-
nity social support time at the community hall, and 
improving food security and connection to land-based 
activities (e.g., berry harvesting, fishing). Mott et  al. 
conducted a retrospective study of Hoopa Tribe mem-
bers affected by the 1999 wildfire in Humboldt County, 
California (USA) [52]. The study focused on recall of 
multiple community-focused interventions: effective-
ness of free masks, free hotel services to shelter from 
the smoke area, high-efficiency particulate air (HEPA) 
air cleaners (distributed to individuals with pre-exist-
ing conditions), and PSAs [52]. PSAs were the most 
effective intervention. Mask use was associated with 

increased time outdoors and therefore increased expo-
sure, but evacuation to hotels was not conducive to 
continuing employment as many residents worked in 
fire camps to fight forest fires. As a result of PSAs, the 
most common action taken was to stay indoors, rather 
than leave the area, use a mask, or use an air cleaner. 
Participants had highest recall of PSAs distributed via 
radio compared to all other sources, some of which 
included physicians, social networks, television, news-
paper, and the Tribal Council. Additionally, those who 
recalled any of the PSAs were less likely to report wors-
ening respiratory symptoms.

Hano et  al., Hano et  al., and Postma et  al. indicated 
that the Smoke Sense application may support behavior 
change at multiple societal levels [34, 49, 51]. At the indi-
vidual level, to protect health and increase awareness out 
of concern for health of self and family. At the organiza-
tional level, to advance organizational efforts in the area 
by using the app to distribute new tools and resources 
regarding smoke. At the community level, to increase 
awareness of connections between wildland fire, smoke, 
air quality, and health [34, 49].

In their case study, Chapple et  al. found that study 
participants exhibited more protective behaviors and 
concerns for wildfire smoke after watching a video with 
real-life footage, compared to those who did not watch 
the video [54].

Knowledge among practitioners
Authors found that professionals with past experiences 
in wildfire-related work had significantly higher knowl-
edge of wildfires/smoke exposure [53], had improved 
ability to make informed decisions in the face of an emer-
gency [61], and better understood the current situation 
[61]. Spano et al. discussed that those with direct expe-
rience had, and also asked for, more information about 
these topics, indicating that practitioners/those experi-
enced with wildfires can be an especially valuable source 
of knowledge for others [53]. Thomas et  al. interviewed 
emergency risk communication professionals, who 
shared that working with the same group of people and 
stakeholders over long periods of time was helpful to the 
professionals to make informed, tailored decisions during 
smoke event emergencies [61]. Additionally, Errett et al. 
found that governmental agencies and academic organi-
zations, participants at a state-wide wildfire smoke expo-
sure symposium, proposed key research areas to increase 
the public’s knowledge of wildfire smoke risks [58]. They 
encouraged researchers and practitioners to study the 
following areas: smoke exposure, health risk, risk com-
munications, behavior change and interventions, and 
legal and policy issues.
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Public trust
Burns et  al., Olsen et  al., and Fish et  al. all highlighted 
the necessity of trusted sources of information, the role 
of local agencies and governments, and the importance 
of communication sources [33, 44, 59]. Authors found 
that sources within the same social network influenced 
the value of fire and smoke messaging, and that neigh-
bors and local residents were trusted sources of wildfire 
smoke communications [44, 59]. In three articles, authors 
discussed building public trust and improving message 
effectiveness through credible information sources [33], 
communication channels [44], and re-tweets or re-shares 
of social media posts between official accounts [35]. 
Examples of sources trusted by the public include author-
itative local sources, the local police, as well as the Red 
Cross and State Departments of Health Services.

Effectiveness of risk communications
Overall, ten articles in this category included assessments 
of effectiveness of risk communications for improving 
knowledge, behavior change, and health outcomes. Five 
articles discussed community-engaged interventions that 
were associated with behavior change [34, 49, 52, 54, 57]. 
Two articles assessed ways to increase knowledge among 
practitioners and the public [53, 58]. Three articles sug-
gested that effective communications included building 
public trust and using credible information sources [33, 
44, 59].

Communications for vulnerable populations
Literature regarding risk communications for vulnerable 
populations to reduce wildfire smoke exposure was lim-
ited – only six articles were found. In general, authors 
found that communication resources for vulnerable pop-
ulations were limited. For example, in Keegan et  al., of 
twenty-six health protection messaging communications 
included in their study, only nine were relevant to vulner-
able populations [55]. Specific resources relevant to pedi-
atric populations were also found to be lacking [35].

Culturally and linguistically diverse groups, those with 
hearing, vision, and mobility-related disabilities, those 
living in high smoke-risk geographic locations, those with 
pre-existing chronic illnesses, those who are children or 
older adults, and those who are pregnant may benefit 
from targeted health recommendations about wildfire 
smoke exposure and resources on prevention/mitigation 
strategies [35]. Authors recommended prioritizing com-
munications for communities that have greater exposure 
to smoke events [55], including actions to reduce wildfire 
smoke exposure instead of only updates about wildfire 
smoke situations [35], and providing communications to 
at-risk groups before the general population [44]. Mott 
et  al. and Dodd et  al. emphasized the importance of 

community-level initiatives for Indigenous populations 
in northwest Canada and in Hoopa Valley, California, to 
increase awareness and behavioral change [52, 57].

Postma et  al. found that among young adults ages 
18–26 with asthma diagnosed by healthcare providers, 
the Smoke Sense mobile application use was effective in 
increasing air quality awareness knowledge and improv-
ing asthma management [49]. Specifically, young adult 
participants thought that the version of Smoke Sense 
with Urbanova’s integrated features for mapping smoke 
areas, air quality advisories, spirometry graphs, weekly 
reminders, and peer message boards, was easy to use.

Effectiveness of risk communications: Postma et  al. 
noted that use of the Smoke Sense mobile applica-
tion and its integrated features was effective to increase 
knowledge about air quality and wildfire smoke and posi-
tive behaviors to manage asthma [49]. Other articles in 
this category did not assess effectiveness of risk commu-
nications for vulnerable populations.

Discussion
Wildfire smoke exposure is a serious public health chal-
lenge as wildfires are rapidly increasing in prevalence and 
intensity [3, 36, 51, 59, 62] and duration. Further, wildfire 
smoke exposure is an emergency event that adds chal-
lenges to providing timely, effective risk communica-
tions [52]. Wildfire smoke negatively impacts health in 
multiple ways, including over the long-term. This scop-
ing review focused on peer-reviewed literature which 
evaluated wildfire smoke risk communications for pub-
lic audiences, and identified gaps in the available litera-
ture, key communication issues, and recommendations 
for improvement. A total of 21 articles were included. 
We reviewed these studies in the following four thematic 
areas: 1) communications materials, messaging content 
and design, use of different media; 2) communication 
strategies, traditional and digital approaches, resource 
allocation for communications; 3) motivating behav-
ior change, community-based interventions, knowledge 
acquisition among practitioners, public trust; and 4) 
communications for vulnerable populations. Although 
this review found that there are important assessments of 
the effectiveness of risk communications, most of those 
examined knowledge gains, rather than behavior inten-
tion, changes, and health outcomes.

Gaps in the literature
We found that peer-reviewed literature about wildfire 
smoke risk communications is still very limited but has 
notably increased in the past decade as reducing expo-
sure to wildfire smoke has become a priority public health 
issue. Because of the limited literature, there are gaps 
in all areas related to wildfire smoke communication. 
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Encouragingly, available literature shows exploration 
of many important risk communication areas, includ-
ing experimentation with messages, media, participa-
tory design, community interventions, and an increasing 
focus on assessing effectiveness of materials and strate-
gies in domains that include increasing knowledge, rein-
forcing positive behavior intention and changes, and 
ultimately leading to better health outcomes.

A major current gap in the literature relates to studies 
about communications created with and for vulnerable 
populations. This is an important finding of this review 
because at-risk, vulnerable populations are those most 
in need of effective communications. Some specific vul-
nerable populations include those who have low con-
nectivity, are low-income, less educated, rural, and/or 
limited English proficient. Additional vulnerable popu-
lations include Black, Indigenous, and People of Color 
(BIPOC), outdoor workers, Deaf or Hard-of-Hearing 
people, pregnant women, children (especially those with 
asthma) and others with existing chronic respiratory, 
cardiovascular, or diabetes conditions [3, 7, 52, 62, 63]. 
The few articles related to vulnerable populations were 
helpful to point out the need to prioritize these popula-
tions, to provide more targeted health messaging and to 
increase community-based initiatives to develop more 
successful approaches to support vulnerable groups [3, 7, 
28, 51]. However, specific messaging recommendations 
from these studies are still fairly generic. Another gap is 
that though some articles evaluated communications for 
accuracy, simplicity, and actionability, no articles explic-
itly examined health literacy—a central issue for high 
quality risk communications [33]. Finally, as in any rela-
tively new research and practice area, there is a need for 
both more qualitative depth and context in the studies as 
well as quantitative rigor, including prospective research.

Recommendations from this review
Despite the gaps in the literature, existing studies do pro-
vide rich information about known weaknesses of current 
wildfire smoke communications and note many recom-
mendations to improve them. Many key issues with wild-
fire smoke risk communications have been identified in 
the existing literature. These include issues related to 
community-engaged design, timeliness, understand-
ability, visual and textual elements (including mapping), 
selection of communication mediums, trusted messen-
gers, actionability of recommendations, and point of con-
tact dissemination strategies. Although many articles in 
this review included some assessment of effectiveness of 
risk communications, more work is needed in this area 
to examine and increase knowledge, encourage behavior 
intentions and change, and improve health outcomes.

Important recommendations were identified in each of 
the four thematic areas we focused on in this review as 
summarized here:

1.	 Communication materials and messages: Use evi-
dence-based messages and multi-media (print, inter-
net, mobile applications, maps, videos, PSAs, etc.); 
include clear, specific, actionable ways to reduce 
wildfire smoke exposure; improve explanations for 
technical messaging, improve mapping techniques, 
and provide details about short- and long-term 
health effects.

2.	 Delivery strategies: Simultaneously disseminate mes-
saging through multiple local media outlets such as 
through television, radio, newspaper, the internet, 
and social media.

3.	 Behavior change: Provide more information through 
trusted intermediaries, such as health and public 
safety providers, to increase the public’s knowledge 
about wildfire smoke and motivate behavior change; 
maintain consistent messaging between agencies, 
and build on existing communications from public 
officials to increase public trust and timely action.

4.	 Communications for vulnerable populations: Pri-
oritize targeted communications for specific at-risk 
groups; use community-engaged design and testing 
with these groups to ensure that messages are rel-
evant to the group’s needs, and are clear, actionable, 
and use preferred communication mediums.

Guidance from prior studies of risk communications 
in other areas indicates that simple and clear commu-
nications adapted to specific cultures, languages, health 
literacy levels, and other factors are essential so that 
risk communication meets the needs of groups most at 
risk [64]. It is important that all wildfire smoke commu-
nications are created with attention to health literacy 
principles, which also would likely benefit vulnerable 
populations. Recommendations for future research on 
wildfire smoke communication include evaluating the 
differential effectiveness of various kinds of messages 
and media, studying communications tailored for the 
diverse US populations, and co-developing communi-
cations using health literacy principles with vulnerable 
populations.

Strengths
This is a scoping review of the peer-reviewed literature 
about risk communications related to wildfire smoke 
exposure. Scoping reviews are helpful prior to planning 
a study, to identify gaps in research, to tailor a study or 
design interventions, and to include multiple types of 
studies, not limited to randomized trials or quantitative 
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studies. This can be especially important when there are 
few articles for unique populations, as we found in this 
review. There was no publication date limit selected to 
maximize collection of relevant articles. This scoping 
review also included articles from authors located in var-
ious countries affected by wildfire smoke.

Limitations
There was a limited number of articles from any one 
country, limiting the ability to make any country-specific 
conclusions. Available articles in languages other than 
English and Spanish were not included, given our a priori 
inclusion criteria. No studies were found in Spanish lan-
guage which may indicate a critical gap in the evaluation 
of wildfire communications for Spanish-speaking popula-
tions. The biggest limitation was the limited literature in 
this area to date, which impacted interpreting the issues 
and recommendations in this review. However, we did 
note that there was often convergence among authors 
about important issues cited and recommendations for 
improved wildfire smoke risk communications.

Conclusion
Wildfire smoke exposure, with its detrimental effects on 
health, is a significant public health concern [3]. Given 
the growing magnitude of wildfire smoke exposure, there 
is a pressing need for more intervention and evaluation 
research about effectiveness of risk communications in 
this topical area. This scoping review examined peer-
reviewed literature on wildfire smoke risk communi-
cation and identified gaps for additional research. Our 
review found limited studies describing characteristics 
of effective communication materials and messaging, and 
communication delivery strategies, and approaches to 
increase positive behavior intention, behavior change to 
reduce wildfire smoke exposure and, ultimately, improve 
health outcomes. Literature on these topics for vulnera-
ble populations was even more limited. Although studies 
in the topical area of wildfire smoke messaging are still 
nascent, they provide important guidance for researchers 
and practitioners in developing and disseminating risk 
communications for the general public and for vulnerable 
populations.

Priority recommendations are that risk communications 
should be easy-to-understand, provide simple and direct 
messages, highlight specific actions to undertake to avoid 
smoke exposure, use mapping when relevant, use hybrid 
mixtures of formats (such as video, textual information, 
maps, mobile apps, etc.), and be customized to the needs 
of at-risk, vulnerable populations. These recommendations 
are similar to those for improving the quality and effec-
tiveness of health communications in general. However, 
wildfire smoke exposure is also an emergency event that 

presents the added critical challenge of providing timely, 
effective communications from government and local 
community organizations. There is a lack of rigorous evalu-
ation studies to demonstrate which communication strat-
egies are most effective. This review could be augmented 
with a future review of studies in languages other than Eng-
lish and Spanish. The recommendations also propose using 
a wide variety of dissemination strategies relevant to the 
focal populations.
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