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ABSTRACT 

Prescribed burns are used to maintain wildland ecosystems and decrease fuel loads and associated 
wildfire hazard. Prescribed burns may produce enough smoke to cause adverse health outcomes. 
The aim of this review is to understand what communication materials exist for disseminating 
health risk information related to prescribed burn smoke and challenges to developing such 
communication. We examined United States peer-reviewed literature from PubMed, Scopus, and 
Web of Science databases and conducted an environmental scan of grey literature including 
materials from federal, and several US state and local governments, organisations, and newspapers. 
While 63% of the included peer-reviewed literature focuses on wildfire health risk communication, 
the review suggests similar methods and messages can be adapted for prescribed burns. The 
environmental scan review indicates effective strategies use several communication modes, and 
reliable and timely messaging. There are state regulations for prescribed burn notification, but these 
do not require communication or education of health risks associated with smoke exposure. Smoke 
management guidelines often contain information about prescribed burn health risks, but these do 
not discuss health risk education. Opportunities to expand effective health risk communication 
include improving inconsistent messaging and inter-agency collaborations, and increasing public 
interactions, especially with vulnerable populations.  

Keywords: communication efficacy, community exposure, health communication, health risk 
communication, prescribed burn, prescribed fire, risk communication, smoke exposure. 

Introduction 

In the past decade, wildfires burned an average of approximately 2.8 million ha (7 million 
acres) per year in the United States (National Interagency Fire Center n.d.b). The 
potential for exposure to wildfire smoke increased due to population growth and the 
ability of smoke to travel long distances (Radeloff et al. 2018; Ager et al. 2019). Whereas 
fire suppression was a primary land management approach for several decades, tribal and 
indigenous communities used controlled burns for centuries to promote ecological 
diversity, clear land for crops, and reduce the risk of larger wildfires (Bureau of Indian 
Affairs 2019; National Park Service 2022a). Prescribed burns are acknowledged as a 
beneficial and successful land management tool, especially in the south-eastern US 
(USDA Forest Service n.d.; Ryan et al. 2013; Clark et al. 2022). Approximately two- 
thirds of the estimated 4.5 million ha treated by prescribed burns in the US annually 
(Melvin 2021; Cummins et al. 2023) are in the south-eastern U.S. (Melvin 2021). 
However, there are still areas across the US and globally that are slower to use prescribed 
burns, likely a result of public concerns about potential fire escape, carbon emissions, and 
smoke exposure (Ryan et al. 2013; USDA Forest Service 2022). 

Exposure to air pollutants in wildland fire smoke (WFS) arising from burning vegeta
tion in wildlands either from wildfire or prescribed burn may adversely impact health. 
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The link between PM2.5 (particulate matter with median aero
dynamic diameter of 2.5 µm or fine particles) and adverse 
respiratory and cardiovascular morbidity and mortality is of 
primary concern. Smoke from prescribed burns can contribute 
to ambient air pollution and possibly impact human health as 
indicated in studies performed in the south-eastern US (Odman 
et al. 2018; Afrin and Garcia-Menendez 2020). Permitted 
prescribed burning accounts for 50% of the variability of 
PM2.5 concentrations measured at monitoring sites in Florida 
and Georgia between 2013 and 2016 (Afrin and Garcia- 
Menendez 2020). While careful planning, active monitoring, 
and low intensity prescribed burning of understorey (i.e. her
baceous (e.g. grass and forb) and shrub fuels above the litter 
surface up to 3 m) can collectively result in reduced emissions 
compared to wildfires (Navarro et al. 2018), smoke exposure 
in communities adjacent and downwind to prescribed burns 
can still occur albeit at less intensity (Liu et al. 2009; Adetona 
et al. 2016; Navarro et al. 2018). Another potential risk of 
smoke is reduced visibility while driving, which could contrib
ute to injury or death (Finlay et al. 2012; National Wildlife 
Coordinating Group 2020). Although a single prescribed burn 
produces less smoke compared to wildfires, there is still a 
possibility of reduced visibility, especially during temperature 
inversions that hold smoke closer to the ground (Indiana 
Division of Fish and Wildlife 2005; Varner et al. 2021). 

While there are interventions to reduce community 
smoke exposure, health risk communication is essential for 
risk management at the individual and community levels. 
Although there are differences between prescribed burns 
and wildfires, one study suggests there may be a lack of 
public understanding that prescribed burns can still produce 
enough smoke to influence potential health risks (Olsen 
et al. 2014). This may be due to a lack of effective commu
nication to the public, which can lead to inaction, or 
misunderstanding, in implementing interventions to reduce 
smoke exposure resulting in increased health risk among the 
population. There is limited information available about the 
strategies used by land management and other relevant 
agencies for communicating to the public about health 
risks due to smoke exposure, especially from prescribed 
burns (Fish et al. 2017). There is also limited evaluation of 
messaging, including timing, reach, and comprehension, to 
reduce smoke exposure from prescribed burns among com
munities (Sugerman et al. 2012). Additionally, it is unclear 
if stakeholders participate in the development process for 
the current interventions. Further, there are limitations to 
the use of several communication materials due to their 
geographic scope and limited discussion specific to smoke 
exposure. These gaps are potential barriers to effective 
communication of health risks associated with smoke expo
sure from prescribed burns (Olsen et al. 2014; Fish et al. 
2017). To understand these limitations, we conducted a 
review of peer-reviewed literature to evaluate the current 
knowledge of health risk communication associated with 
wildland fire smoke among communities, with a primary 

focus on prescribed burns. Additionally, we performed an 
environmental scan (a review of unpublished literature or 
publicly available information from government and organi
sational websites, conference presentations, and outreach 
materials) to identify existing health risk communication 
and education materials about prescribed burn smoke that 
wildland management and public health officials and orga
nisations across the US use to communicate with impacted 
communities. The objectives of this environmental scan were 
to: (1) determine the types of communication materials that 
exist; (2) identify sources of the materials and for whom 
developed; and (3) describe the information found in the 
materials. The intent of this paper is not to undermine the 
short-term or longer-term benefits of the use of prescribed 
burns to manage catastrophic fire events, but rather to pro
vide the public and private stakeholders and researchers with 
the current state of the science to inform communication 
practices about the expanding use of prescribed and cultural 
burning. While this review is part of a larger research project 
to develop a prescribed burn health risk communication 
toolkit, our findings are applicable to broader research efforts 
for health and environmental risk communication. 

Materials and methods 

We included peer-reviewed and grey literature in this review. 
For our justification for the vulnerable populations we chose 
to include in this review, see Supplementary materials file S1. 
We developed the following questions to guide both the 
literature review and the environmental scan:  

(1) What health risk communication materials have already 
been developed?  

(2) What federal or state laws determine the information 
that is legally required to be communicated? 

(3) What groups are most vulnerable to health risks associ
ated with prescribed burns?  

(4) What are the known preventive measures/actions to 
reduce health risks related to prescribed burns? 

(5) How is information about prescribed burn use commu
nicated to the public?  

(6) What barriers and facilitators do agencies face while 
creating messages about prescribed burns? 

Literature review 

We included peer-reviewed literature regarding communica
tion of health risks associated with wildfires and prescribed 
burns. All types of peer-reviewed studies investigating health 
risk communication related to prescribed burns and wildfires 
were eligible for inclusion, while excluding non-English 
materials. We excluded articles published prior to 2005 and 
if the study objectives did not focus on health risk communi
cation associated with prescribed burns or wildfires 
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(e.g. entomology, plant biology, modelling, etc.). We used 
the following search string, in this order, as search criteria: 
(“Prescribed burn*” OR “Prescribed burning” OR “Controlled 
burn*” OR “Prescribed burn smoke” OR “Prescribed fire*” 
OR “Landscape fire*” OR Wildfire OR “Wildland fire*” OR 
“Wildfire smoke” OR “Wildland fire smoke” OR Bushfire OR 
Woodsmoke OR “Wood Smoke” OR “Fire smoke exposure” 
OR “Fire smoke”) AND (Communication OR Education OR 
Mitigation OR Intervention OR “Health risk communication” 
OR “Social acceptability” OR “Public awareness” OR 
Awareness OR “Risk communication” OR “Risk communica
tion strategies” OR “Risk communication strategy” OR 
Messaging OR “Perceived risk” OR “Subjective norm*”). 

The study team conducted the search process between 
March and July 2023. We collected articles from the 
PubMed, Scopus, and Web of Science databases. We used 
title and abstracts to initially assess if articles found in our 
search met the inclusion criteria. If the title and abstracts 
suggested the article satisfied the inclusion criteria, then 
the study team assessed the full text articles. We evaluated 
the full text of articles that satisfied the inclusion criteria to 
determine final relevance. A subject matter expert and the 
principal investigator of the study team evaluated any 
articles that needed further review. We extracted the fol
lowing data from all relevant articles: article title; author 
(s); year of publication; journal, description of the study 
design; and description of the study results. The first author 
completed the literature search and data extraction. Three 
other members of the research team reviewed the 
extracted data. 

Environmental scan 

The research team searched sources that included public 
information available through government and organisa
tional websites and reports, traditional and social media 
outlets, conference or meeting abstracts or presentations, 
and communication and outreach materials. A general 
search engine (i.e. Google) query identified prescribed 
burn announcements issued by national and state parks, 
forests, and refuges. We included documents if they con
tained information on health risks, health risk communica
tion, and/or laws and regulations as it pertains to prescribed 
burns or wildfires. The included materials also had to answer 
at least one of the research questions (Appendix S1). We 
excluded materials and documents not published in English 
and if published prior to 2005. However, we excluded pre
scribed burn announcements if published prior to 2018. We 
further categorised any communication materials included 
into fact sheets/brochures, frequently asked questions 
(FAQ)/overview documents, prescribed burn protocols/ 
guidelines/compliance information, resource hubs/toolkits, 
or graphics/infographics/videos. 

The study team conducted the search process between 
April 2022 and July 2023. We electronically searched the 

following federal agencies for eligible materials: US 
Department of Agriculture (USDA Forest Service; Bureau 
of Land Management (BLM); US Environmental Protection 
Agency (US EPA); Centers for Disease Control and Prevention 
(CDC); US National Park Service (US NPS); and Bureau of 
Indian Affairs (BIA). We also electronically searched for eli
gible materials from state agencies in Alabama, Arizona, 
California, Colorado, Florida, Georgia, Ohio, Oregon, South 
Carolina, Texas, Virginia, and Washington. We included these 
states because they were either among the states with the 
largest acreage burned from wildfires or prescribed burns or 
they are a study location for the project under which this 
investigation was conducted (i.e. Ohio, South Carolina, 
Virginia). Additionally, we searched for eligible materials 
from the Wildfire Magazine by International Association of 
Wildland Fire (IAWF) and National Geographic. The study 
team also searched the archives of four of the largest national 
newspapers (i.e. New York Times, Washington Post, Wall 
Street Journal, LA Times) and the archives of ten of the 
largest state newspapers, which we identified using the fre
quency of circulation within the state. We extracted the 
following data from the eligible materials: source; title; 
type; (e.g. legislative document, newspaper article, magazine 
article, infographic, etc.); and summary of material. Two 
members of the research team independently reviewed 
the data. 

Results 

The study team included a final total of 155 documents from 
the environmental scan and literature review. From the 
literature review, we initially excluded articles from 
PubMed (n = 1781), Scopus (n = 2811), and Web of 
Science (n = 4111) because we determined they were not 
related to health risk communication of prescribed burns or 
wildfires based on the title and abstract of the article 
(Fig. 1). We excluded 68 duplicate references from more 
than one publication database. Based on reading the full 
text, we further excluded 32 articles because the content 
was not related to health risk communication of prescribed 
burns or wildfires. We included a final total of 27 articles 
from the literature review, which focused on health risk 
communication of prescribed burns and wildfires. More 
than half of the peer-reviewed articles (n = 17; 63%) we 
found focused on health risk communication for wildfire 
smoke risk. The articles we found for prescribed burns 
mostly investigated health risks and did not include infor
mation on health risk communication. 

The environmental scan included 128 grey literature 
documents (e.g. infographics, government reports, pre
scribed burn announcements, etc.) (Table 1). The study 
team provided additional details on the environmental 
scan materials and peer-reviewed literature included in 
this review (Appendix S2). 
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Sources and types of communication materials 

From the environmental scan, we identified reports, com
munication materials (e.g. fact sheets, visuals, brochures, 
etc.), magazine articles, reviews, prescribed burn announce
ments, and featured news (Table S1). Federal and state 
agencies documents consisted of approximately 78% of the 
total documents identified. We found the remaining 22% on 
websites of non-governmental organisations and universi
ties. These materials focus on prescribed burns, wildfires, or 
both types of fires (Table S2). The materials that are specific 
to prescribed burns (n = 78) included a definition of the 
term and why they are important to the environment. Of 
these 78 materials, we identified 17% (n = 13) that dis
cussed prescribed burn health risks associated with smoke 
exposure and 13% (n = 10) that discussed safety precau
tions to reduce smoke exposure. Approximately 29% 
(n = 37) of all environmental scan materials (n = 128) 
included guidelines for notification of a prescribed burn 
event. Of those 37 materials, we found that 18% (n = 23) 
included guidance on health risk communication for pre
scribed burns and smoke exposure. 

Suggested guidance for effective communication 

Of the environmental scan materials, we identified 17% 
(n = 28) that discussed tips or guidelines for effective 
communication of wildland fires, with only 17 of those 28 
materials focusing on or including prescribed burns. These 
communication materials included protocols, reports, and 
toolkits. The protocol and report materials included guid
ance on general prescribed burn messaging, timing of com
munication distribution, and general smoke-related health 
risk messaging. The eight toolkits found in the environmen
tal scan provided guidance on messages, as well as examples 
of communication materials for the public. Three of the 
toolkits (i.e. The Great Plains Fire Communication toolkit, 
Oakridge Air, and CAL FIRE) provided templates and exam
ples of materials used to communicate with the public, such 
as example messaging for press releases, displays, social 
media posts, and email blasts (Oregon Prescribed Fire 
Council n.d.; Schwedler et al. 2013; CAL FIRE 2019). In 
the environmental scan, we also found a set of best prac
tices, developed by professionals across the south-east, that 
private landowners can implement for prescribed fire com
munication (Table 2) (Kunkle et al. 2015). 

We extracted all information on communication efficacy 
from the peer-reviewed literature articles related to wildfires 
(n = 7). These articles investigated how to tailor effective 
messages (Heaney et al. 2021), message compliance 

Articles identi�ed by search
engine:

PubMed: 1843
Scopus: 2844

Web of Science: 4144

Articles reviewed for
duplicates between

databases:

Articles reviewed by full text:
(n = 59)

PubMed: 61
Scopus: 33

Web of Science: 33

Articles included in review:

Prescribed burn = 10
Wild�re = 17

Articles excluded based on
title and abstract:

Duplicate articles excluded:
(n = 68)

Unrelated articles
excluded:
(n = 32)

PubMed: 1781
Scopus: 2811

Web of Science: 4111

Fig. 1. A summary of the search and selection process for the peer- 
reviewed literature.   

Table 1. Summary of materials found in the environmental scan.    

Category Count   

Communication material  

Fact Sheets/Brochures  13  

FAQ/Overview documents  18  

Protocols, Guidance, and compliance documents  21  

Resource Hubs/Toolkits  8  

Graphics, Infographics, and Videos  8 

Featured stories/Articles/News  2 

Magazine articles  2 

Prescribed Burn Announcements  32 

Regulations  12 

Reports  5 

Reviews  3 

Other  4 

Total Count  128    

Type of smoke event Count   

Prescribed burn  78 

Wildfire  31 

Prescribed burn and wildfire  19 

Total count  128   
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(Sugerman et al. 2012; Keegan and Rahman 2021), commu
nity and inter-agency collaborations (Olsen et al. 2014; Reid 
and Maestas 2019), and communication channels (Chauhan 
and Hughes 2017; Humphreys et al. 2022). Two peer- 
reviewed articles also investigated the differences in efficacy 
for unidirectional versus multidirectional communication 
flow between communicators and their audience (Brenkert- 
Smith et al. 2013; Remenick 2018). Of the communication 
sources we included from the environmental scan, 68% used 
unidirectional or vertical messaging to communicate with the 
public about prescribed burns. The only communication 
sources that used multidirectional strategies were the pre
scribed burn announcements that provided the contact infor
mation for the agencies in charge of the burn. 

Announcements, regulations, and smoke 
management guidelines for prescribed burns 

The environmental scan search for prescribed burn 
announcements included those digitally (i.e. posted on the 
internet) released since 2018. Based on a Google search, 
we found 32 announcements from the USDA Forest 
Service, US National Park Service, US Fish and Wildlife, 
US Department of Defense, South Carolina Department of 
Natural Resources, The Sea Pines Forest Preserve, and the 

Bureau of Land Management that fit our inclusion criteria We 
identified 31 announcements published by state or federal 
agencies and one announcement published by a private orga
nisation (a community homeowners’ association). We found 
19% (n = 6) of the announcements included additional links 
or information on air quality and smoke exposure (Table 3). 
However, only two of the six announcements, both from the 
BLM, provided information on health risks associated with 
WFS exposure and tips to reduce that exposure. As far as we 
are aware, there was no requirements for prescribed burn 
announcements to include health risk information. While 32 
announcements are many, it is possibly a small count for the 
5-year timeframe parameter we used for this search process. It 
is likely we missed announcements considering that there are 
thousands of prescribed burns conducted each year across the 
United States. Further, we acknowledge that several jurisdic
tions use traditional methods that sometimes do not include 
digital archiving of prescribed burn communication, and 
therefore we did not include these in this review. 

In the environmental scan, we also found state regulations 
for prescribed burns, some of which included guidance on 
communication (Table S3). The states that provided commu
nication guidance (n = 8) mainly instructed prescribed burn 
managers and landowners to notify the public or adjacent 
landowners or neighbours of the planned burn, but do not 
specify the type of communication (e.g. letter, phone call, 
etc.). In addition to state regulations, many states provided 
smoke management guidelines that included information on 
public notification of prescribed burns (Table S4). These 
guidelines typically included general information about 
prescribed burns, permit requirements, air quality monitor
ing, and public education. While these guidelines discussed 
prescribed burn public education, none discussed education 
of health risks or safety precautions associated with pre
scribed burn smoke exposure. We did not find smoke man
agement guidelines for Ohio or South Carolina. 

Safety precautions, preparedness, and interventions 

We found that 56% (n = 38) of all 68 communication 
materials from the environmental scan for wildfires and 
prescribed burns (e.g. brochures, graphics, fact sheets) 

Table 2. Seven best practices for prescribed fire communication 
from the Southern Fire Exchange ( Kunkle et al. 2015).   

Seven best practices for prescribed fire communication    

1. Develop messages that are specific to the defined or targeted audience  
2. Foster consensus among program partners on the use and efficacy of 

messaging strategies  
3. Ensure the information comes from sources the audience is familiar with 

and trusts  
4. Use language that is appropriate and understandable for the targeted 

audience  
5. Encourage private landowners to build relationships with each other by:  

a. Developing prescribed burn mentoring programs  
b. Promoting interactions between landowners  

6. Use multiple communication channels such as:  
a. Posting signs designating areas managed with prescribed fire  
b. Utilising demonstrations to attract new practitioners and to open 

discussion about prescribed burns  
7. Maintain consistent contact, build relationships, and continue 

conversations with the target audience   

Additional considerations for prescribed fire communication    

1. Consider all communication outlets, including social media, as part of the 
communication plan  

2. Partner with formal and informal educators to encourage inclusion of 
prescribed burn concepts into their curriculum  

3. Designate well-managed landscapes that the public can visit to learn 
more about prescribed fire  

4. Develop and/or use evaluation tools to identify needs, interests, and 
demographics of the target audience and collect feedback to assess the 
impact of communication plans  

5. Use and support existing prescribed burn communication tools and 
education programs   

Table 3. Percentage of the 32 prescribed burn announcements 
based on type of information.    

Type of information Percent of  
prescribed burn  

announcements (%)   

Date of prescribed burn window 72 

Geographic location of burn area 94 

Preventative/protective behaviour 
suggestions 

19 

Personnel contact information 88   
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included information on safety precautions. We identified 
most of these materials from state departments, with a few 
from federal organisations and other non-governmental 
organisations. Only 13 of the 38 communication materials 
that provided guidance on safety precautions included pre
scribed burns. These materials provided general information 
about prescribed burns, the burning process, general smoke- 
related health risks, and general guidance for smoke expo
sure mitigation. The National Park Service website provides 
information about potential risks to park visitors and neigh
bouring communities and how to reduce smoke exposure 
(National Park Service 2022c). Individual national parks 
also occasionally provide site specific information on their 
webpages. Prince William Forest Park in Virginia provides 
the goals and objectives for each burn, the general planning 
process, and a smoke management FAQ that includes health 
risks, vulnerable groups, and safety precautions (National 
Park Service 2022b). FAQ documents like those developed 
by the Southern Fire Exchange provided similar information 
but also outlined smoke management practices for reducing 
smoke impacts to surrounding areas (e.g. busy roads, 
airports, schools, nursing homes) (Kays et al. 2021). Of the 
articles we included from the literature review, we found 
that regional guidance often used to mitigate and prevent 
wildfire smoke-related health risks included the use of N95 
respirators, indoor air filtration systems, and stay-at-home 
orders (Johnston 2017; Rice et al. 2021). We found that 19% 
(n = 25) of the environmental scan materials recommend 
wearing an N95 mask, if an individual is outdoors, to reduce 
smoke exposure. We also found that 28% (n = 36) of the 
environmental scan materials recommended indoor air fil
tration systems to reduce inhalation exposure to air contam
inants, such as HVAC systems and portable air purifiers 
which operate with high-efficiency particulate air (HEPA) 
filters that can reduce residential PM2.5 and exposure to 
wildfire smoke (Hill et al. 2022). 

Barriers and opportunities 

The study team found four peer-reviewed articles from the 
literature review that discussed barriers and opportunities 
for developing and disseminating health risk communica
tion for smoke exposure from prescribed burns and wild
fires. Olsen et al. (2014) summarised these barriers as 
inconsistent messages from different agencies and uncer
tainty of the efficacy of communication strategies (e.g. 
understanding of the message or audience reception). 
Another barrier we identified from the literature review is 
that researchers and government officials feel that health 
risks from smoke exposure are unknown or not well under
stood by the intended audiences of their messages since 
these messages come from several agencies and can be 
inconsistent (Olsen et al. 2014). We also found that lack of 
trust in the information source, as well as messages lacking 
information about interventions and vulnerable populations 

can be barriers to effective prescribed burn communication 
(Keegan and Rahman 2021; Van Deventer et al. 2021). The 
opportunities we found for improved communication effi
cacy include inter-agency collaborations and public interac
tions and consistent and unified messaging across agencies 
to prevent miscommunication or mitigate the impact of 
misinformation from less credible sources (Olsen et al. 
2014; Remenick 2018). We did not find any environmental 
scan materials that included barriers or opportunities for 
effective communication. 

Discussion 

Communication can be an important part for prevention and 
mitigation of smoke-related health risks. Prescribed burn 
health risk communication tends to use proactive communi
cation unless the burn escapes (Schwedler et al. 2013). In 
such rare instances, reactive messaging is used. While some 
communication materials are specific to wildfires, some of 
the information can be adapted for prescribed burns with 
the use of less urgent and more precautionary messaging. 
Because prescribed burns are planned events, officials have 
a timeframe in which proactive health risk communication 
can be developed and released to the public prior to the 
burn. The grey and peer-reviewed literature suggest fire and 
health risk communication should utilise multiple media 
platforms to reach a wider audience and that messages 
should be transparent. Effective messages tend to be tailored 
to a specific area, clear, specific, consistent, and contain 
information that includes a timeframe, location, and haz
ards (Heaney et al. 2021). Additionally, short, non-technical 
messages have better compliance both before and during a 
fire event (Sugerman et al. 2012; Keegan and Rahman 
2021). Messages should also be attentive to vulnerable pop
ulations (Reid and Maestas 2019). A critical point that the 
Great Plains toolkit emphasised is ensuring the first public 
message establishes the value of utilising prescribed burns 
so that surrounding communities understand its purpose 
and the risks involved (Schwedler et al. 2013). Subsequent 
messaging can entail any risks involved with the burns, 
necessary precautions, and solutions that prescribed burns 
can provide to natural or economic problems (Schwedler 
et al. 2013). 

Our results further suggest that communication flow can 
also affect message compliance. Remenick (2018) found that 
integration of both unidirectional and multidirectional com
munication is most effective in relaying information con
cerning health risks associated with smoke exposure 
(Fig. S1). Brenkert-Smith et al. (2013) suggest that a combi
nation of vertical and horizontal communication is most 
effective regarding fire safety and health risk communica
tion (Fig. 2). There are many challenges, though, that public 
and environmental health professionals face in communicat
ing health risks to their communities, one being the lack of 
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inter-agency communication and coordination (Olsen et al. 
2014). Individuals developing and distributing communica
tion materials should also be aware of these challenges 
when sharing information, such as changes or inconsistency 
in messaging when shared on several platforms and by 
multiple sources. For example, land management agencies 
are primarily concerned with planning and conducting the 
prescribed burns and may have limited resources to devote 
to health risk communication. This underscores the need for 
increased inter-agency collaborations with health agencies 
and social service agencies that can offer expertise in devel
oping consistent, timely, and effective health risk communi
cation and education, particularly to vulnerable individuals 
or harder to reach populations. 

Our findings also suggest that communication channels, 
in addition to message content, is important for improved 
communication efficacy. Individual demographics can 
determine which communication sources people seek for 
information (Velez et al. 2017). Our results from the envir
onmental scan and literature review suggest that a combi
nation of traditional (radio, newspapers, TV, road signs, 
bulletins, etc.) and non-traditional (social media outlets, 
videos, blog posts, etc.) mechanisms should be used to 
communicate with the public about fires as well as health 
risks associated with smoke exposure from wildfires or pre
scribed burns. Local news media outlets can provide a high 
volume of timely information before and during smoke 
events (Chauhan and Hughes 2017). However, the 
recognition and use of existing social and communication 
networks is important for providing greater reach to remote 

or rural areas (Olsen et al. 2014). Additionally, informa
tional campaigns and community events are effective com
munication platforms because individuals can learn more 
about interpreting the air quality index and pick up 
resources on health information (Humphreys et al. 2022). 
Social media outlets are a good way to direct people to a 
central source (e.g. website or document) of information 
(Stone et al. 2019). For example, event-based resources, 
such as Facebook pages, can provide a high volume of 
relevant resources and information about prescribed burns 
prior to, during, and after the event (Chauhan and Hughes 
2017). Because social media is a current major source of 
information, researchers also recommend using several 
social media outlets to reach as much of the community as 
possible (Stone et al. 2019). Local phone apps can provide 
push notifications for start and end times of prescribed burn 
events, notify communities that may experience smoke 
pollution, and inform users of harmful air quality levels 
(Humphreys et al. 2022). However, mobile phone applica
tions may not reach all community members (e.g. the 
elderly, unhoused, etc.), highlighting the use of multiple 
types of communication methods (i.e. traditional and non- 
traditional) to communicate with the public. 

Public health agencies are an important communication 
source and in recent years are becoming a key source of 
information for communities during times of public health 
crises, like prior to and during wildfires (Savoia et al. 2013). 
Because of this, many local and national public health pro
fessionals and environmental scientists, are collaborating to 
develop general guidelines to educate residents on smoke 

Sender
(source of information)Integrative communication

Integration of both unidirectional
and multidirectional
communication is most effective in
relaying information concerning
health risks associated with smoke
exposure. Vertical communication
allows for information to the
public in a top-down manner while
horizontal communication is more
interpersonal and relies on social
interactions. A combination of
vertical and horizontal
communication is most effective
regarding !re safety and health
risk communication.

Receiver
(recipient of information)

Ve
rt

ic
al
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om

m
un

ic
at

io
n

Fe
ed

ba
ck

M
essage

Horizontal Communication

Horizontal Communication

Fig. 2. Integration of unidirectional and multidirec
tional communication, and horizontal and vertical 
communication.    
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exposure. Many of these collaborations resulted in the devel
opment of fact sheets, mainly for wildfires, such as the EPA’s 
‘Smoke-Ready Toolbox for Wildfires’, the CDC’s ‘Natural 
Disasters, and Severe Weather: Wildfires’ website (Rice 
et al. 2021). These fact sheets, and many of the other envir
onmental scan materials, pertain to wildfire smoke and not 
specifically to prescribed burn smoke. While there is a dis
tinction between wildfire smoke and prescribed burn smoke, 
modifying portions of these fact sheets in relation to pre
scribed burn smoke exposure is possible. An example is the 
California Air Resources Board (CARB) infographic for wear
ing a correctly fitted N95 mask as protection against smoke 
because it fits over the nose and under the chin (California 
Air Resources Board n.d.). Medical masks are 20% effective 
while correctly fitted and worn N95 masks are 80% effective 
at decreasing exposure to smoke particles (WSPEHSU 2021). 
While masks can reduce smoke exposure, they should not be 
solely relied on for protection (U.S. EPA 2018b). HVAC sys
tems are another common safety recommendation for wild
fire smoke that can be adapted to prescribed burns. However, 
the caveat is that they typically only operate when there is 
need for heating or cooling because constant operations are 
costly (U.S. EPA 2018a). Therefore, these systems may not be 
the best option for indoor risk reduction. Portable air cleaners 
may be a better option because they can be selected based on 
room size and are effective at removing gases and particles 
(U.S. EPA 2018a). Although some wildfire communication 
resources can be adapted to prescribed burns, our review of 
these materials suggest that passive communication may 
have limited impact on individual behavioural change. 
Personal trusted sources, such as healthcare providers 
(e.g. doctors and nurses), tend to have a greater impact on 
individual behaviour change because they typically hold a 
high level of trust which is key for effective communication 
(Rice et al. 2021). 

Economic and social barriers can affect whether the pub
lic follow fire preparation guidelines during a smoke episode 
highlighting the need for messaging that can be adapted for 
different groups (Mott et al. 2002). Public health and social 
service expertise, along with lessons learned from emer
gency management and preparedness, can assist with over
coming these barriers and positively affect behaviour 
change so that the public is more able to follow fire prepa
ration guidelines. While many individuals may not take 
safety precautions during a smoke event, those with previ
ous experience with fires or smoke episodes are more willing 
to prepare and follow guidelines during the next event 
(Spano et al. 2021). While Spano et al. (2021) did not 
discuss this directly, this propensity may also apply to indi
viduals who are more susceptible to adverse health effects 
from exposure to smoke. Because the use of preparedness 
strategies and safety precautions vary among individuals, 
additional research is necessary to determine if the current 
prevention and intervention strategies are effective, deter
mine if there are other strategies that may be more effective, 

and determine whether tailoring messages to specific demo
graphics based on their characteristics are effective. 

Gaps, limitations, and research needs 

Based on the literature review, we found several gaps and 
limitations in the current research on prescribed burn com
munication indicating the need for further research specifi
cally to investigate the efficacy of current communication 
strategies for prescribed burns. The results of the literature 
review include very few health risk communication studies 
for prescribed burns compared to the studies for wildfires. 
Because of this gap in the literature, identifying effective 
approaches for communicating about prescribed burns will 
often depend on inference from research related to wildfire 
communication. To a certain extent the health hazards can 
be similar between wildfires and prescribed burns; however, 
the planning and scope of the two types of fires are different, 
specifically the burn time, smoke endurance and intensity, 
as well as the burn coverage. Literature materials on pre
scribed burns mostly report health risks and did not include 
any information on health risk communication. 

The study team also found limited research on the impor
tance of providing health risk communication, specifically 
for prescribed burns, to vulnerable populations exposed to 
wildfire smoke and its effectiveness. An exploratory spatial 
analysis of smoke dispersion and social vulnerability in the 
southern US suggests that higher socially vulnerable groups 
tend to be closer to the smoke plumes (Gaither et al. 2015). 
Another study investigating potential impacts of prescribed 
burn smoke on socially vulnerable populations in Georgia 
suggests that health impacts (e.g. asthma emergency room 
visits, respiratory hospital admissions, and mortality) from 
prescribed burn smoke were more concentrated in areas 
with higher populations of low socioeconomic status, 
elderly individuals, and disabled residents (Afrin and 
Garcia-Menendez 2021). These findings support the 
increased need to communicate with vulnerable populations 
during a smoke event and use of more consistent messaging 
across agencies (Keegan and Rahman 2021). Although these 
results are notable, there is still a need to further investigate 
smoke exposure, as well as effectiveness and outreach of 
health risk communication in vulnerable communities. 
Moreover, several of the articles and materials found in 
this review identified the need for more communications 
targeted toward vulnerable individuals but did not provide 
any existing examples of such materials. To close this gap in 
research, we suggest that best practices from other fields, 
such as health education or behaviour change science, be 
adapted, and applied to health risk communication about 
prescribed burn smoke for vulnerable individuals. These can 
include defining clear health goals and behavioural out
comes, addressing individual values and beliefs, addressing 
group norms and social influences, providing functional 
health knowledge, using audience-appropriate materials, 
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and using research-based and theory-driven methods 
(Centers for Disease Control and Prevention 2019). While 
a few toolkits already exist, they either are specific to a 
region, are specifically for wildfires, or are pre-emptive 
messaging for prescribed burn hazards that do not directly 
address smoke exposure. As part of the overarching research 
project, we plan to address these gaps and limitations out
lined in this review, by developing a toolkit that is specifi
cally aimed to facilitate improved communication planning 
and implementation for prescribed burns, applicable across 
different regions, directly addresses smoke exposure and 
health risk communication, and addresses the benefits of 
inter-agency collaboration, while providing guidelines and 
recommendations for effective prescribed burn health risk 
communication. 

The challenges of health risk communication presented in 
this review also suggest a need for research on inter-agency 
coordination in communication efforts. Expanding inter- 
agency collaboration could increase the likelihood of pre
scribed burn and health risk communication messages 
reaching the intended audience. While synthesising the pre
scribed burn announcements, 81% (n = 26) provided no 
communication on health risks. Because of the planned 
nature of prescribed burns, there is an opportunity to 
provide effective communication. While many states have 
regulations for prescribed fire communication, most do not 
require the communication include health risk information. 
Rather, many states include this information as a recom
mendation in their smoke management guidelines. Federal 
agencies, state agencies, consultants, and private land
owners conducted approximately 450,335 prescribed 
burns in the United States in 2018, with 445,953 of those 
burns conducted by state agencies and private landowners 
or consultants and the rest by federal agencies (National 
Interagency Fire Center n.d.a). In the environmental scan 
search, we found few guidelines for landowners who con
duct or want to conduct prescribed burns. A few state 
regulations referenced landowners, but the Southern Fire 
Exchange was the only source we found to provide guide
lines on communication from landowners. These guidelines 
suggested that private landowners respond better to inter
personal communication with peers and experts (e.g. pre
scribed burn associations and other informal social 
networks), as well as building trust with communities by 
helping and fostering a community where peers can be both 
learners and leaders (Kunkle et al. 2015). Perhaps one of the 
most important implications from the lack of guidance for 
landowners and consultants is that a large portion of com
munities exposed to prescribed burn smoke are not getting 
the communication they need about smoke-related health 
risks and safety precautions. The research team does 
acknowledge, however, that many of these professionals 
not only lack communication guidance, but also may not 
have the resources or skills to develop health risk messaging 
and materials. This gap supports our recommendation for 

increased collaborations between land management agen
cies, public health and other social organisations, and pri
vate landowners or consultants to ensure timely and 
effective distribution of health risk communication. 

Although there is need to address the described gaps and 
limitations, there are other research needs that were not 
directly highlighted in this review. The study team was 
not able to find communication research investigating pre
scribed burns and urban-rural gradients, economic status, 
regional differences, and various fire regimes. Additionally, 
we did not compare prescribed burn communication 
research to that from other countries as this review focused 
on the United States. It will be valuable to assess if similar 
themes of general lack of available information on health 
risk communication related to community smoke exposure 
from prescribed burns is apparent in other regions across the 
globe. 

Conclusion 

Prescribed burns are a critical land conservation practice 
that have clear ecological and cultural benefits. Despite 
widely used as an effective land management tool, it is 
important to understand how smoke from prescribed 
burns can increase the risk of adverse health outcomes 
among the public, especially in areas where prescribed 
burn smoke exposure exceeds that of wildfire smoke expo
sure. While communities near or downwind of the fire are 
at risk, individuals who are socially vulnerable, older 
adults, children, unhoused individuals, those with pre- 
existing conditions, and those with outdoor occupations 
are at higher risk of adverse health outcomes. Therefore, 
there is need for balance between communicating the ben
efits of prescribed burns and potential health risks and risk 
reduction behaviours. Government agencies and non- 
government entities developed some communication strat
egies and materials to inform the public about these health 
risks. However, materials may not be effective for every 
community or reach those at risk for exposure. While this 
review highlights several effective communication strate
gies, there is need for further research to better understand 
prevention and intervention approaches and the efficacy of 
communication strategies to minimise health risks of pre
scribed burns. This area of study would also benefit from 
additional research on regional differences in health risk 
communication since geographical differences (e.g. differ
ences in fuel composition, topography, humidity levels, 
etc.) can affect smoke production and ultimately the com
munities exposed to smoke. 

Supplementary material 

Supplementary material is available online. 
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