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Abstract: In Canada, Indigenous populations are disproportionately threatened by wildfire smoke
and the associated adverse health impacts. This paper presents the results of a narrative review of
51 academic and related resources which explored protective action decision making during wildfire
smoke events within Indigenous communities in Canada. A search of scholarly articles and other
relevant sources yielded resources which were subject to thematic analysis and described in order to
present a narrative review of current knowledge and gaps in research. A small and growing literature
provides insights into protective actions taken by the general population during wildfire smoke
events, but very little is known about protective actions taken by Indigenous peoples in Canada
during wildfire smoke events. This lack of understanding hinders the capacity of decision makers to
improve emergency management and minimize community health impacts of wildfire smoke.
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1. Introduction

In 2022, 5726 wildfires occurred across Canada consuming 1,656,504 hectares [1]. It
is predicted that the global frequency of catastrophic wildfires will increase concurrently
with anthropogenic climate change throughout Canada [2] and the rest of the world [3].
An important impact of wildfires is due to the emissions generated by the biomass burning.
While the composition of wildfire smoke tends to be dominated by water vapor and CO2,
there are also multiple health-damaging pollutants present within emissions including
respirable particulate matter, polycyclic aromatic hydrocarbons, benzene, aldehydes, carbon
monoxide, nitrogen oxides and other carcinogenic compounds [4,5]. Wildfires can often
burn erratically and change direction unpredictably, resulting in smoke pollutants that
affect communities a long distance away from the original source. Studies have found that
not only is a significantly higher portion of the population affected by wildfire smoke in
comparison to being directly exposed to the wildfire [6], but wildfire smoke can also be
responsible for considerably more fatalities in comparison to fatalities from the fire itself [7].
There is a growing body of literature linking wildfire smoke to adverse health outcomes.
Exposure to wildfire smoke PM2.5 has been associated with psychological stress, adverse
birth outcomes, respiratory and cardiovascular disease, and mortality [8–11]. On a global
scale, the estimated average mortality due to landscape fire smoke (including wild and
prescribed forest fires, deforestation fires, peat fires, agricultural burning and grass fires)
is 339,000 annually [12]. Matz et al. [10] analyzed the health impacts of wildfire smoke in
Canada between 2013–2015 and 2017–2018 and found that PM2.5 attributable to wildfire
smoke caused 54–240 acute premature mortalities per year due to short-term exposure and
570–2500 mortalities from long-term exposure, as well as many cardio-respiratory morbidity
outcomes. Specific groups of people have been identified as being more susceptible to the
impacts of wildfire smoke including children, the elderly, pregnant women, individuals
with cardio-respiratory disease, and First Nations people [13–15].
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As of 2021, 1.8 million Canadians identified as Indigenous peoples, accounting for
5.0% of Canada’s total population [16]. The Indigenous population is relatively young
and growing faster than the non-Indigenous population, with an increase of 8.0% between
2016 and 2021 [16]. Indigenous peoples in Canada are grouped into three distinct groups:
First Nations, Métis and Inuit, with considerable diversity between and within these three
groups. First Nations make up the largest group, with more than 630 First Nation commu-
nities in Canada, representing more than 50 Nations. The 2021 Canadian census identified
that there were 1,048,405 First Nations peoples, 624,220 Métis and 70,545 Inuit living in
Canada [17]. People living in Indigenous communities in Canada are disproportionately
threatened by wildfires and exposed to wildfire smoke. Only 19% of evacuation events
in Canada between 1980–2007 were attributed to wildfire smoke; however, 75% of these
events involved First Nation communities [18]. When examining 41 smoke-related evacua-
tions in Canada between 2000–2007, Krstic and Henderson [19] found that First Nations
communities accounted for 87% of evacuees. In addition to high exposure to wildfire
smoke, research in Canada shows that asthma is more prevalent amongst Indigenous com-
munities, and it is more than twice as likely that First Nations people would be hospitalized
because of asthma [20]. The disproportionate burden of wildfire smoke health impacts
on global Indigenous populations in comparison to non-Indigenous populations has been
found in multiple studies observing associations between wildfire smoke and hospital
admissions [21–23]. There is therefore a clear need to examine wildfire smoke experiences
and protective actions in Indigenous communities in Canada.

Reducing exposure to wildfire smoke rests almost exclusively with individuals and
their use of protective actions [24,25]. The Protective Action Decision Model (PADM) has
been widely used to understand protective actions related to environmental hazards [26].
Within this model, environmental cues, social cues and warnings start a process that leads
to perceptions of the threat, and protective actions. Situational factors can facilitate or
impede protective actions. Protective actions included in the model include searching for
information, protective response and emotion-focused coping. Perceptions of environmen-
tal threats can be influenced by a variety of factors including a person’s previous experience
with the environmental hazard [26,27]. This paper presents the results of a narrative review
of the scholarly literature and other relevant sources that aimed to explore wildfire smoke
experiences, information and communications, risk perceptions, protective actions during
wildfire smoke events, and impediments to protective actions with a focus on Indigenous
peoples in Canada. This review identifies the literature that exists and where knowledge
gaps exist.

2. Materials and Methods

To achieve the aims of this study, we reviewed the existing academic and non-academic
literature using a narrative approach [28]. Due to the interdisciplinary and exploratory
nature of this project, a number of strategies were used to increase our chances of locating
relevant materials [29]. First, a primary search of the University of Alberta Library and
Google Scholar was conducted to collect relevant articles and reports. Search parameters
included terms such as “First Nation”, “Indigenous”, “wildfire”, “bushfire”, “wildland fire”,
“forest fire”, “smoke”, “haze”, “emissions”, “experience”, “perception”, “preparedness”,
“attitude”, “behavior” and “communication”. Articles which included information related
to wildfire smoke experiences, perceptions of wildfire smoke as a hazard, preparedness
for wildfire smoke, protective actions taken during wildfire smoke events and public
safety advisories or communications about wildfire smoke were identified and included
in the database. Additional articles describing Indigenous peoples’ experiences with
both wildfires and wildfire smoke were then identified and added to the database. The
references cited in these articles were then reviewed to identify additional articles and
resources. Finally, in addition to the academic articles, relevant government reports and
books were also identified and included. These searches yielded 51 resources including
articles, books and reports available in English that were included in the narrative review.
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The literature was synthesized using a narrative approach [28] where the literature was
grouped into five themes based on the aims of this study, and then an integrative approach
was taken allowing for sub-categories to naturally emerge [30]. This allowed for better
organization of themes within the evidence that was then used to narrate and interpret
recurring themes identified within the literature and produce an account of currently
existing research and identify gaps in knowledge [30].

3. Results
3.1. Wildfire Smoke Experiences

A small number of studies in Canada have examined how Indigenous communities
experience wildfire smoke. During wildfire smoke events in First Nation communities in
the NWT, itchy eyes, headaches and sore throats were commonly reported mild physical
symptoms experienced [31]. This research team and two others found that difficulty
breathing, coughing, chest pain and worsening of existing respiratory conditions (i.e.,
asthma) were more severe physical symptoms experienced by some people, significantly
hindering activity levels and functioning [31–33]. In addition to these physical health
symptoms, anxiety, fear and stress were reported as mental health impacts as a result of
persistent smoke [31]. The uncertainty experienced when having to change daily routines
to avoid the smoke was also found to result in depression and difficulties coping [33].
Being sequestered inside one’s home or motel room during a wildfire smoke event and
the associated isolation resulted in further emotional hardships with the lack of space to
engage in physical activities were of particular concern for the guardians of children [31,33].
In D’Nilo, events were organized at the community hall to encourage physical activity
to try to overcome this problem [31]. These emotional impacts are not restricted to the
period of time that smoke is present in the community. Even once the smoke had passed,
community members still struggled with the memories of dealing with that smoke event
and felt an ongoing sense of uncertainty that another wildfire and associated smoke could
occur at any time [31].

High levels of smoke in First Nation communities during the 2014 NWT fires re-
sulted in separation from traditional activities such as harvesting, fishing, hunting and
trapping [31]. The feelings of separation from the land that arose due to the inability to
spend time outside the same way took a deep toll on individuals mentally, emotionally
and spiritually [31]. The loss of these activities can also cause economic impacts. Northern
populations, where many Indigenous communities are located, can rely on traditional
activities such as hunting and fishing as key forms of subsistence [34]. The cost of food and
other essentials in northern communities is extremely high, so being able to harvest, hunt,
fish and trap are essential for food security of families [31].

In addition to the individual impacts of living through an active wildfire season,
research in non-Indigenous populations has found that wildfire smoke is disruptive to
a community’s social fabric. The diminished air quality from wildfire smoke has been
found to result in less community cohesion, gatherings and opportunities to interact;
however, in some cases the common experience of dealing with wildfire smoke can also
result in the temporary reconfiguration of social ties, with shared hardships presenting
the opportunity for meaningful interactions and the need to work together helping to
strengthen community connections [35,36]. Mirroring these findings, when the D’Nilo First
Nation and Yellowknife communities experienced prolonged smoke events, community-
based initiatives emerged to help community members socialize [31]. Residents recalled a
positive outcome of the experience being how everyone was concerned about others and
chipped in to help, demonstrating similar findings to the other hazard literature regarding
how shared adversity can bring people together [31].

Studies of the general population also demonstrate that individuals who experience
physical symptoms from smoke are more likely to perceive a risk from wildfire smoke to
themselves and take protective actions [36,37]. Direct experience with a hazard has the
potential to increase risk perceptions and reinforce participating in protective behaviors [27],
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but there are mixed findings in the literature with non-Indigenous populations. Two stud-
ies found that the sensory experience of wildfire smoke and previous exposure directly
increases the perceived risk of smoke exposure [37,38]. Prior exposure to wildfire smoke
resulting in individuals adapting their behavior and beliefs has also been observed [25].
In contrast, Del Ponte et al. [39] found that attitude, perceptions and practices remained
stable after an active wildfire season, with only participants’ knowledge about air quality
increasing significantly. However, this increase in understanding about risks associated
with poor air quality may eventually lead to changed attitudes as studies have also found
that individuals with higher knowledge about the risk of wildfire smoke are also more
concerned about its effects [40]. After experiencing the “summer of smoke” in the NWT,
residents from Yellowknife, N’Dilo, Detah and Kakisa took action by advocating for in-
creased planning and adaptation in order to prepare for future wildfires, suggesting that
improved education and dialogue about climate change and its impacts was needed [31]. It
is unclear whether wildfire smoke exposure would encourage Indigenous peoples to adopt
recommended protective actions.

3.2. Wildfire Smoke Information and Communications

Public health and safety messaging not only informs people about the potential threat
of the hazard, but also helps to disseminate the information and resources about what
steps individuals should take to protect themselves. Engaging with wildfire smoke in-
formation can be instrumental in shaping threat perceptions and influencing decisions
to reduce exposure such as changing behavior [38,41]. While research within the general
population indicates that the most commonly used source for wildfire smoke information
is television [41–43], other findings indicate that both television and radio play vital roles in
disseminating safety messaging for the general rural population and First Nation commu-
nities [14,15]. This may be a result of radio being able to reach areas with limited cellular
coverage or internet connection [15]. Social media such as private Facebook groups are
another commonly reported source of wildfire smoke hazard and safety information for
those who have internet access in both Indigenous and non-Indigenous populations since
details can be both timely and locally relevant [13,44,45]. However, there can be a level of
mistrust with information shared on social platforms since people feel the need to discern
what is accurate or misinformation [13,44,46]. An example of this occurring is when the
Lac La Ronge Indian Band ordered a wildfire evacuation, but misinformation circulated on
Facebook which left people unsure of where they were supposed to go [46].

The general wildfire smoke literature demonstrates that despite many people being
exposed to wildfire smoke and experiencing symptoms they can be left unsure of how to
protect themselves due in part to a lack of adequate information [24,35]. A content analysis
of public health messaging in Washington revealed that of the messaging distributed
during a major wildfire smoke event, only 46% of government messages and 33% of media
messages included information about personal interventions (i.e., staying indoors, using
air filtration systems, closing doors and windows, wearing a mask and evacuating) that
one could take [47]. Missing information about how to protect oneself is highly problematic
when considering that greater knowledge about the smoke is associated with people being
more likely to engage in protective actions [40] and knowledge about the air quality index
and understanding what it means results in higher safety adherence rates [48]. Straight
forward messages are key because ambiguous messaging makes it more likely that a
cycle of information seeking and processing will initiate and can continue until it is too
late for recipients to respond to the impending hazard [26]. Maintaining consistency in
messaging across sources is important for promoting trust and increasing the uptake of
content; competing messaging from various agencies decreases source credibility and
increases confusion [14,49]. Effective communications include straightforward messages
that are free of jargon, consistent and containing information informing people of the risk
and what actions they can take to avoid it [14]. Research on the general population has
also found that timeliness of messages can help to maximize the reduction in negative
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outcomes [40,47,50], likely because receiving information about wildfire smoke ahead
of the event allows communities adequate time to prepare and respond effectively [51].
A study completed amongst residents of the Hoopa Valley Nation Indian Reservation
found that timely communication was associated with a reduction in reported respiratory
symptoms [32].

The literature about wildfire smoke response in the general population has shown
that individuals receive information and social cues from those around them to help fill
their gaps in knowledge, which can be essential to how they interpret wildfire smoke [38].
The informational social support and psychosocial factors (i.e., descriptive, subjective and
injunctive social norms) that individuals are exposed to can be unique to each commu-
nity and have the ability to influence perception of threat severity, interest in protective
supplies such as masks, seeking out information and taking protective actions [38,52].
One explanation for why people will place higher value on information received from a
familiar source is that in unfamiliar situations where there is a higher reliance on outside
information, individuals do not only evaluate information based on content but also based
on their trust in the social institutions providing information [49]. Understanding and
considering these social processes can be particularly important when communicating with
Indigenous people who may have a higher level of trust for information received from their
own social network in comparison to outside sources such as government agencies [43].
For example, a study that examined trusted sources of wildfire smoke risk information in
the Okanogan River Airshed Emphasis Area of north central Washington found that First
Nation participants deemed information shared directly through the Confederated Tribes
of the Colville Reservation (CTCR), or correspondence containing the CTCR logo, to be the
most trustworthy [44].

It is important to ensure that wildfire smoke communications are tailored to popula-
tions at high risk as well as the broader population [13,14]. Despite studies finding that
First Nations would benefit from tailored health messaging, it can still be difficult for them
to access community specific information which may exacerbate confusion around how to
properly respond to a smoke event [14]. Even when communities do receive information
about recommended actions to cope with wildfire smoke, it can be difficult for them to
determine if they are implementing it correctly and if it is helping to reduce their risk. A sur-
vey completed in British Columbia examining public messaging for wildfire smoke found
that more than 18% of Indigenous participants felt unsure if their exposure was reduced
after applying recommendations in comparison to 11% of non-indigenous participants [15].

3.3. Wildfire Smoke Risk Perceptions

Risk perceptions of a hazard can motivate individuals to take avoidance or mitigating
actions, or even ignore risks altogether [27]. In Lindell and Perry’s Protective Action
Decision Model, a person’s core perceptions of a hazard provide the basis for their decision
making; therefore, understanding individual and community risk perceptions of wildfire
smoke can be key in informing what motivates participation in protective actions that can
reduce severe health outcomes [26].

The existing literature with general populations indicates that while people often
recognize wildfire smoke as a hazard and health risk, on average many do not recognize
the risk to themselves and focus on the risk for those they deem more susceptible such as
children, pregnant women or individuals with preexisting health issues [37,38,42,53]. In
studies of the general population, respondents expressed that their interest in seeking more
wildfire information was driven by concern for loved ones and that they felt more acutely
aware of the smoke in comparison to if they were only concerned about themselves [54].
Researchers have found that families with young children are the most likely to comply
with safety recommendations and make some of the largest modifications to their rou-
tines, with parents citing children’s smoke exposure as a significant source of stress and
anxiety [35,36,41,55,56].



Atmosphere 2023, 14, 1204 6 of 12

Studies of the general population also demonstrate that there is likely a link between
risk perception and protective actions in response to wildfire smoke. Risk perception
has been found to be positively associated with behavioral intentions and greater per-
ceived harm from wildfire smoke is associated with greater frequency of using protective
actions [52,57]. Protective actions can also be affected by perception of potential health
impacts, with individuals who believe that smoke will affect their health being more likely
to minimize smoke exposure [58]. Increased worry about being impacted by smoke has
also been linked to increased information seeking behaviors [52,59]. The perceived threat of
wildfire smoke and knowledge about its impacts affecting behavioral response in the afore-
mentioned studies proposes individuals engage in protective behaviors as a preventative
response. However, Rappold et al. [53] also found that individuals with a higher number
of symptomatic days due to wildfire smoke were more likely to participate in exposure
reducing behaviors. These findings show that in some cases protective actions occur when
people are experiencing health impacts from wildfire smoke [53]. We are not aware of
any studies that examine wildfire smoke risk perceptions in an Indigenous community
context. However, a study completed in California about wildfire risk perceptions found
that participants identifying as First Nations reported a 26% and 28% lower perceived threat
from wildfire to health and the environment, respectively, in comparison to participants
identifying as Caucasian [60]. One potential explanation for this is the long history of use
of fire by Indigenous peoples across North America with cultural burning practices being
used to manage the landscape [61]. The observed lower perception of risk from wildfires
may be due to this important role of fire in Indigenous culture and knowledge that has been
passed down [60]. Whether or not this decreased risk perception amongst First Nations
communities extends to wildfire smoke is currently unknown.

3.4. Protective Actions during Wildfire Smoke Events

Studies examining protective actions undertaken during wildfire smoke events have
found that the most popular actions, which are free to complete, include closing doors
and windows to avoid smoke entering buildings, staying inside and avoiding outdoor
recreation or exercise [37,43,53,58,62]. Less popular protective actions included wearing
masks, avoiding going to work, running home air conditioning, using high-efficiency partic-
ulate air (HEPA) filters to clean the indoor air and evacuating the community [14,43,53,58].
These less popular actions included those which are more costly, demonstrating that more
accessible behaviors are arguably the most likely to be taken [58].

Few studies have examined protective actions taken by Indigenous residents dur-
ing wildfire smoke events. Dodd et al. [31] conducted interviews with residents from
Yellowknife and three First Nation communities (N’Dilo, Detah and Ka’a’gee Tu First
nation) in the Northwest Territories (NWT) in Canada to examine their experiences living
with wildfire smoke and protective actions taken during the summer of 2014. Protective
actions carried out by their research participants included keeping windows closed, staying
indoors, reducing physical activity and in some cases leaving the community or the NWT
due to the smoke [31]. Mott et al., [32] examined the use of protective actions taken by
members of the Hoopa Valley Reservation in northern California, USA. The researchers
provided participants with free masks, vouchers for hotel services in nearby towns, and
portable HEPA cleaners and then studied the extent to which these were used. They
found that 48.8% of participants evacuated, 35.0% of participants wore a mask and 34.1%
ran a portable high-efficiency particulate air (HEPA) cleaner to protect themselves from
wildfire smoke when these were provided at no cost as part of the study. It is clear that
additional factors influence the use of these protective measures, even when there is no
cost associated with them. Further study is needed to examine the use of wildfire smoke
protective actions by Indigenous peoples in Canada. A study in British Columbia provides
an example of how community leadership reduced wildfire smoke exposure for vulnerable
community members. When members of Nadleh Whut’en First Nation experienced thick
smoke from the 2018 Shovel Lake fire, the chief and council arranged for air purifiers to be
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put into homes of more vulnerable individuals including the elderly, children and those
with preexisting lung conditions [63].

3.5. Impediments to Wildfire Smoke Protective Actions

Even when people have the intention of participating in a protective behavior this
does not always correspond to carrying out the behavioral response due to situational
impediments [26]. The effects of colonization continue to be apparent in First Nation
communities across Canada, with individual and community wide challenges making it
difficult to be prepared for wildfire related hazards [33]. In 2015 the median income of First
Nations people living on reserves across Canada was less than half of the non-indigenous
population [64]. Financial constraints have been found to be a significant limiting factor
in studies of the general population when it comes to individuals reducing their smoke
exposure, with certain protective measures such as air filters and air conditioning being
unaffordable and therefore unrealistic for some households [24,25,36]. This barrier was
demonstrated in First Nation communities, such as in Hoopa Valley when 12% of partici-
pants cited economic restraints as the reason for not evacuating during a heavy wildfire
smoke event [32]. In addition to financial constraints, evacuation away from high levels of
wildfire smoke has also been found to be inaccessible for people who have mobility chal-
lenges, when people do not have anywhere to go or if they have concerns about separation
from family members [26,65]. Living in a fly-in community or not owning a vehicle also
affects the ability to evacuate due to wildfire smoke [65].

One of the most commonly promoted protective behaviors against wildfire smoke is
staying indoors while keeping windows and doors shut with the purpose of keeping the
smoke “out” and healthier air “in”. General studies on wildfire smoke have revealed that
older, not airtight buildings allow a greater ingress of outside air providing less protec-
tion [24] and even if people are aware of this vulnerability, factors such as lack of access to
transportation can limit their ability to utilize clean air spaces [66]. Therefore, the assump-
tion that one’s home can be made into an airtight space or that they have the inherent ability
to retreat to a safe space underscores inequities for populations dealing with homelessness
or poor-quality housing [55]. Inadequate housing is a prevalent issue amongst Indigenous
peoples in Canada, with 16.4% of the Indigenous population living in a home that requires
major repairs in comparison to 5.7% of the non-indigenous population [67]. Indigenous
people are more likely to live in northern or remote communities where high costs and lim-
ited access to building supplies further contribute to the issue [67]. Transportation barriers
have also been documented in First Nations communities during previous responses to
wildfire smoke, meaning that even in cases where a clean air space is set up community
members may not be able to use it to its full potential [65].

The nature of a person’s employment can impact their ability to respond to wildfire
smoke, with general population studies finding outdoor workers being especially vulnera-
ble to PM2.5 exposure and not having the option to retreat indoors and miss work [68,69].
For low-income households with no safety nets to fall back on, people are willing to con-
tinue working in unsafe conditions because they depend on the income to maintain their
livelihood and provide for their family [68,70]. In addition, forest fires can bring economic
opportunities for those with firefighting experience, making individuals less likely to par-
ticipate in averting behaviors such as evacuation [71]. This is especially true in locales
with high unemployment rates such as Indigenous communities [32]. For example, the
unemployment rate of the Canadian Indigenous population is continuously higher than
that of the non-Indigenous population [72] and the desire to gain employment firefighting
was documented as a reason for a community member resisting to leave during the wildfire
evacuation of Mishkeegogamang Ojibway Nation in Ontario [71].

Sometimes a lack of protective actions during wildfire smoke events can be due to
a feeling that one’s effort to avoid the smoke would be futile. General studies about air
quality have found this to be attributed to perceived lack of self-efficacy or a lack of locus
of control, with situational factors such as insufficient time to check and follow through



Atmosphere 2023, 14, 1204 8 of 12

with advisories further amplifying feelings of having no power over the situation [48].
It is not clear if this is a factor influencing protective actions due to wildfire smoke for
Indigenous peoples.

4. Conclusions

This analysis of the wildfire smoke literature shows that a small but growing literature
exists about how people in the general public respond by taking protective actions during
wildfire smoke events, and factors that influence these actions. Limited research has
examined Indigenous peoples’ experiences of wildfire smoke events in Canada, despite the
high level of exposure. Further research is needed to examine wildfire smoke experiences
in different contexts. For example, it will be useful to compare experiences in communities
where wildfire smoke is a regular occurrence and those with little past wildfire smoke
exposure. It would also be valuable to examine the influence of wildfire smoke experience
on protective action decision making.

It is clear that wildfire smoke information should be disseminated through appropriate
channels (local radio, social media) using trusted sources, that it should be tailored to the
audience and should highlight the effectiveness of recommended actions. Indigenous
communities in Canada often do not have local air quality monitoring stations. It would
be valuable to explore air quality monitoring by Indigenous communities and barriers to
the use of monitoring stations and the resulting data. Further study of the credibility of
wildfire smoke information sources would be valuable. It would also be useful to examine
how wildfire smoke information influences the use of protective actions during wildfire
smoke events.

We are not aware of any research examining wildfire smoke risk perceptions in an
Indigenous community context. This research is important since risk perception may
influence protective actions during wildfire smoke events. As part of this line of research, it
would be useful to examine who is perceived to be at risk from the wildfire smoke, and the
link between cultural burning and wildfire risk perceptions.

Existing research provides insights into which wildfire smoke protective actions are
being completed in Indigenous communities. It would be useful to build on this existing
research by examining which protective actions are less popular, and identify barriers to
their use. It would also be valuable to examine if protective actions are perceived to be
effective. Research should also be completed on the use of clean air spaces during wildfire
smoke events in Indigenous communities. In particular, their value for protecting those
community members most vulnerable to impacts of wildfire smoke should be examined.
It would also be useful to examine low-cost ways to reduce wildfire smoke intrusion in
homes that are not airtight.

Changes to policies and practices can help reduce exposure to wildfire smoke in the
Indigenous communities context. Strong support is needed for wildfire prevention and
mitigation programs across Canada which will help prevent and reduce wildfire smoke
events and their considerable impacts on Indigenous peoples. Air quality monitoring
should be offered at no cost to all Indigenous communities in Canada, and assistance
provided to use and interpret the air quality information. There is a need to establish clean
air spaces within Indigenous communities to protect people at high risk from wildfire
smoke impacts. If these places already exist within communities, they should be promoted,
and transportation and other assistance provided so they will be used. Wildfire smoke
information and protective actions need to be developed in collaboration with Indigenous
communities, communicated by appropriate channels and provided by trusted information
sources (e.g., local health nurses). Information provided to residents should emphasize
the effectiveness of protective actions. Communities should reduce barriers to adoption of
recommended protective actions; for example, by providing free air masks and air filters
for those people at high risk from wildfire smoke impacts.



Atmosphere 2023, 14, 1204 9 of 12

Author Contributions: Conceptualization, T.K.M.; supervision, T.K.M.; investigation, B.B.; writing—
original draft, B.B.; writing—revisions, B.B. and T.K.M. All authors reviewed the results and approved
the final version of the manuscript. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: This is a review article therefore all data were gathered from the
existing literature.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Canadian Interagency Forest Fire Centre (CIFFC). Canada Report 2022. 2022. Available online: https://www.ciffc.ca/sites/

default/files/2023-02/Canada_Report_2022_Final.pdf (accessed on 15 July 2023).
2. Coogan, S.C.P.; Robinne, F.-N.; Jain, P.; Flannigan, M.D. Scientists’ warning on wildfire—A Canadian perspective. Can. J. For. Res.

2019, 49, 1015–1023. [CrossRef]
3. Ellis, T.M.; Bowman, D.M.J.S.; Jain, P.; Flannigan, M.D.; Williamson, G.J. Global increase in wildfire risk due to climate-driven

declines in fuel moisture. Glob. Chang. Biol. 2021, 28, 1544–1559. [CrossRef] [PubMed]
4. Junghenn Noyes, K.T.; Khan, R.A.; Limbacher, J.A.; Li, Z. Canadian and Alaskan wildfire smoke particle properties, their

evolution, and controlling factors, from satellite observations. Atmos. Chem. Phys. 2022, 22, 1–24. [CrossRef]
5. Naeher, L.P.; Brauer, M.; Lipsett, M.; Zelikoff, J.T.; Simpson, C.D.; Koenig, J.Q.; Smith, K.R. Woodsmoke health effects: A review.

Inhal. Toxicol. 2007, 19, 67–106. [CrossRef]
6. Biddle, N.; Edwards, B.; Herz, D.; Makkai, T. Exposure and the IMPACT on Attitudes of the 2019–2020 Australian Bushfires; The

Australian National University Centre for Social Research and Methods Report; Australian National University: Canberra,
Australia, 2020.

7. Bowman, D.M.; Moreira-Muñoz, A.; Kolden, C.A.; Chávez, R.O.; Muñoz, A.A.; Salinas, F.; González-Reyes, Á.; Rocco, R.; De la
Barrera, F.; Williamson, G.J.; et al. Human–environmental drivers and impacts of the globally extreme 2017 Chilean fires. Ambio
2019, 48, 350–362. [CrossRef]

8. Masri, S.; Scaduto, E.; Jin, Y.; Wu, J. Disproportionate Impacts of Wildfires among Elderly and Low-Income Communities in
California from 2000–2020. Int. J. Environ. Res. Public Health 2021, 18, 3921. [CrossRef]

9. Heft-Neal, S.; Driscoll, A.; Yang, W.; Shaw, G.; Burke, M. Associations between wildfire smoke exposure during pregnancy and
risk of preterm birth in California. Environ. Res. 2022, 203, 111872. [CrossRef]

10. Matz, C.J.; Egyed, M.; Xi, G.; Racine, J.; Pavlovic, R.; Rittmaster, R.; Henderson, S.B.; Steib, D.M. Health impact analysis of PM2.5
from wildfire smoke in Canada (2013–2015, 2017–2018). Sci. Total Environ. 2020, 725, 138506. [CrossRef]

11. Rodney, R.M.; Swaminathan, A.; Calear, A.L.; Christensen, B.K.; Lal, A.; Lane, J.; Leviston, Z.; Reynolds, J.; Trevenar, S.;
Vardoulakis, S.; et al. Physical and mental health effects of bushfire and smoke in the Australian Capital Territory 2019–2020.
Front. Public Health 2021, 9, 682402. [CrossRef] [PubMed]

12. Johnston, F.H.; Henderson, S.B.; Chen, Y.; Randerson, J.T.; Marlier, M.; DeFries, R.S.; Kinney, P.; Bowman, D.M.J.S.; Brauer, M.
Estimated global mortality attributable to smoke from landscape fires. Environ. Health Perspect. 2012, 120, 695–701. [CrossRef]

13. Marfori, M.T.; Campbell, S.L.; Garvey, K.; McKeown, S.; Veitch, M.; Wheeler, A.J.; Borchers-Arriagada, N.; Johnston, F.H. Public
health messaging during extreme smoke events: Are we hitting the mark? Front. Public Health 2020, 8, 465. [CrossRef]

14. Heaney, E.; Hunter, L.; Clulow, A.; Bowles, D.; Vardoulakis, S. Efficacy of Communication Techniques and Health Outcomes of
Bushfire Smoke Exposure: A Scoping Review. Int. J. Environ. Res. Public Health 2021, 18, 889. [CrossRef]

15. Shellington, E.M.; Nguyen, P.D.M.; Rideout, K.; Barn, P.; Lewis, A.; Baillie, M.; Lutz, S.; Allen, R.W.; Yao, J.; Carlsten, C.; et al.
Public Health Messaging for Wildfire Smoke: Cast a Wide Net. Front. Public Health 2022, 10, 773428. [CrossRef]

16. Government of Alberta. 2021 Census of Canada—Indigenous People; Edmonton, AB. 2023. Available online: https://open.
alberta.ca/dataset/487a7294-06ac-481e-80b7-5566692a6b11/resource/257af6d4-902c-4761-8fee-3971a4480678/download/tbf-
2021-census-of-canada-indigenous-people.pdf (accessed on 15 July 2023).

17. Statistics Canada. Statistics on Indigenous Peoples. 2023. Available online: https://www.statcan.gc.ca/en/subjects-start/
indigenous_peoples (accessed on 16 July 2023).

18. Beverly, J.L.; Bothwell, P. Wildfire evacuations in Canada 1980–2007. Nat. Hazards 2011, 59, 571–596. [CrossRef]
19. Krstic, N.; Henderson, S.B. Use of MODIS data to assess atmospheric aerosol before, during, and after community evacuations

related to wildfire smoke. Proc. SPIE 2015, 166, 1–7. [CrossRef]
20. Carrière, G.M.; Garner, R.; Sanmartin, C. Housing conditions and respiratory hospitalizations among First Nations people in

Canada. Health Rep. 2017, 28, 9–15. [PubMed]

https://www.ciffc.ca/sites/default/files/2023-02/Canada_Report_2022_Final.pdf
https://www.ciffc.ca/sites/default/files/2023-02/Canada_Report_2022_Final.pdf
https://doi.org/10.1139/cjfr-2019-0094
https://doi.org/10.1111/gcb.16006
https://www.ncbi.nlm.nih.gov/pubmed/34800319
https://doi.org/10.5194/acp-22-1-2022
https://doi.org/10.1080/08958370600985875
https://doi.org/10.1007/s13280-018-1084-1
https://doi.org/10.3390/ijerph18083921
https://doi.org/10.1016/j.envres.2021.111872
https://doi.org/10.1016/j.scitotenv.2020.138506
https://doi.org/10.3389/fpubh.2021.682402
https://www.ncbi.nlm.nih.gov/pubmed/34722432
https://doi.org/10.1289/ehp.1104422
https://doi.org/10.3389/fpubh.2020.00465
https://doi.org/10.3390/ijerph182010889
https://doi.org/10.3389/fpubh.2022.773428
https://open.alberta.ca/dataset/487a7294-06ac-481e-80b7-5566692a6b11/resource/257af6d4-902c-4761-8fee-3971a4480678/download/tbf-2021-census-of-canada-indigenous-people.pdf
https://open.alberta.ca/dataset/487a7294-06ac-481e-80b7-5566692a6b11/resource/257af6d4-902c-4761-8fee-3971a4480678/download/tbf-2021-census-of-canada-indigenous-people.pdf
https://open.alberta.ca/dataset/487a7294-06ac-481e-80b7-5566692a6b11/resource/257af6d4-902c-4761-8fee-3971a4480678/download/tbf-2021-census-of-canada-indigenous-people.pdf
https://www.statcan.gc.ca/en/subjects-start/indigenous_peoples
https://www.statcan.gc.ca/en/subjects-start/indigenous_peoples
https://doi.org/10.1007/s11069-011-9777-9
https://doi.org/10.1016/j.rse.2015.05.017
https://www.ncbi.nlm.nih.gov/pubmed/28422268


Atmosphere 2023, 14, 1204 10 of 12

21. Johnston, F.H.; Bailie, R.S.; Pilotto, L.S.; Hanigan, I.C. Ambient biomass smoke and cardio-respiratory hospital admissions in
Darwin, Australia. BMC Public Health 2007, 7, 240. [CrossRef] [PubMed]

22. Hanigan, I.C.; Johnston, F.H.; Morgan, G.G. Vegetation fire smoke, indigenous status and cardio-respiratory hospital admissions
in Darwin, Australia, 1996–2005: A time-series study. BMC Environ. Health 2008, 7, 42. [CrossRef]

23. Howard, C.; Rose, C.; Dodd, W.; Kohle, K.; Scott, C.; Scott, P.; Cunsolo, A.; Orbinski, J. Sos! summer of smoke: A retrospective
cohort study examining the cardiorespiratory impacts of a severe and prolonged wildfire season in Canada’s High Subarctic. BMJ
Open 2021, 11, e037029. [CrossRef]

24. Cowie, C.T.; Wheeler, A.J.; Tripovich, J.S.; Porta-Cubas, A.; Dennekamp, M.; Vardoulakis, S.; Goldman, M.; Sweet, M.; Howard,
P.; Johnston, F. Policy Implications for Protecting Health from the Hazards of Fire Smoke. A Panel Discussion Report from the
Workshop Landscape Fire Smoke: Protecting Health in an Era of Escalating Fire Risk. Int. J. Environ. Res. Public Health 2021,
18, 5702. [CrossRef]

25. Burke, M.; Heft-Neal, S.; Li, J.; Driscoll, A.; Baylis, P.; Stigler, M.; Weill, J.A.; Burney, J.A.; Wen, J.; Childs, M.L.; et al. Exposures
and behavioural responses to wildfire smoke. Nat. Hum. Behav. 2022, 6, 1351–1361. [CrossRef]

26. Lindell, M.K.; Perry, R.W. The protective action decision model: Theoretical modifications and additional evidence. Risk Anal.
2012, 32, 616–632. [CrossRef] [PubMed]

27. Wachinger, G.; Renn, O.; Begg, C.; Kuhlicke, C. The risk perception paradox-implications for governance and communication of
natural hazards. Risk Anal. 2013, 33, 1049–1065. [CrossRef] [PubMed]

28. Ward, V.; House, A.; Hamer, S. Developing a framework for transferring knowledge into action: A thematic analysis of the
literature. J. Health Serv. Res. Policy 2009, 14, 156–164. [CrossRef] [PubMed]

29. Dixon-Woods, M.; Cavers, D.; Agarwal, S.; Annandale, E.; Arthur, A.; Harvey, J.; Hsu, R.; Katbamna, S.; Olsen, R.; Smith, L.;
et al. Conducting a critical interpretive synthesis of the literature on access to healthcare by vulnerable groups. BMC Med. Res.
Methodol. 2006, 6, 35. [CrossRef]

30. Dixon-Woods, M.; Agarwal, S.; Jones, D.; Young, B.; Sutton, A. Synthesising qualitative and quantitative evidence: A review of
possible methods. J. Health Serv. Res. Policy 2005, 10, 45–53. [CrossRef]

31. Dodd, W.; Scott, P.; Howard, C.; Scott, C.; Rose, C.; Cunsolo, A.; Orbinski, J. Lived experience of a record wildfire season in the
Northwest Territories, Canada. Can. J. Public Health 2018, 109, 327–337. [CrossRef]

32. Mott, J.A.; Meyer, P.; Mannino, D.; Redd, S.C.; Smith, E.M.; Gotway-Crawford, C.; Chase, E. Wildland Forest Fire Smoke: Health
Effects and Intervention Evaluation, Hoopa, California 1999. West. J. Med. 2002, 176, 157–162. [CrossRef]

33. Mottershead, K.D.; McGee, T.K.; Christianson, A. Evacuating a First Nation Due to Wildfire Smoke: The Case of Dene Tha’ First
Nation. Int. J. Disast. Risk Sci. 2020, 11, 274–286. [CrossRef]

34. Scharbach, J.; Waldram, J.B. Asking for a Disaster: Being ‘At Risk’ in the Emergency Evacuation of a Northern Canadian
Aboriginal Community. Hum. Organ 2016, 75, 59–70. [CrossRef]

35. Williamson, R.; Banwell, C.; Calear, A.L.; LaBond, C.; Leach, L.S.; Olsen, A.; Walsh, E.I.; Zulfiqar, T.; Sutherland, S.; Phillips, C.
Bushfire smoke in Our eyes: Community perceptions and responses to an intense smoke event in Canberra, Australia. Front.
Public Health 2022, 10, 793312. [CrossRef] [PubMed]

36. Humphreys, A.; Walker, E.G.; Bratman, G.N.; Errett, N.A. What can we do when the smoke rolls in? An exploratory qualitative
analysis of the impacts of rural wildfire smoke on mental health and wellbeing, and opportunities for adaptation. BMC Public
Health 2022, 22, 41. [CrossRef] [PubMed]

37. McGee, T.K.; Healey, D. Interpreting and responding to wildfire smoke in Western Canada. Environ. Hazards 2021, 21, 1–17.
[CrossRef]

38. Santana, F.N.; Gonzalez, D.J.X.; Wong-Parodi, G. Psychological factors and social processes influencing wildfire smoke protective
behavior: Insights from a case study in Northern California. Clim. Risk Manag. 2021, 34, 100351. [CrossRef]

39. Del Ponte, A.; Ang, L.; Li, L.; Lim, N.; Tam, W.W.S.; Seow, W.J. Change of air quality knowledge, perceptions, atitudes, and
practices during and post-wildfires in the United States. Sci. Total Environ. 2022, 836, 155432. [CrossRef]

40. De Pretto, L.; Acreman, S.; Ashfold, M.J.; Mohankumar, S.K.; Campos-Arceiz, A. The link between knowledge, attitudes and
practices in relation to atmospheric haze pollution in Peninsular Malaysia. PLoS ONE 2015, 10, e0143655. [CrossRef]

41. Kolbe, A.; Gilchrist, K.L. An extreme bushfire smoke pollution event: Health impacts and public health challenges. NSW Public
Health Bull. 2009, 20, 19–23. [CrossRef]

42. Macey, S.M. Public Perception of Wildfire Smoke Hazard. In Natural Hazards Center Quick Response Grant Final Report; James and
Marilyn Lovell Center for Environmental Geography and Hazards Research; Texas State University: San Marcos, TX, USA, 2008.
Available online: https://hazards.colorado.edu/uploads/quick_report/macey_2008.pdf (accessed on 5 October 2022).

43. Sugerman, D.E.; Keir, J.M.; Dee, D.L.; Lipman, H.; Waterman, S.H.; Ginsberg, M.; Fishbein, D.B. Emergency health risk
communication during the 2007 San Diego wildfires: Comprehension, compliance, and recall. J. Health Commun. 2012, 17, 698–712.
[CrossRef]

44. Wood, L.M.; D’Evelyn, S.M.; Errett, N.A.; Bostrom, A.; Desautel, C.; Alvarado, E.; Ray, K.; Spector, J.T. When people see me, they
know me; they trust what I say: Characterizing the role of trusted sources for smoke risk communication in the Okanogan River
Airshed Emphasis Area. BMC Public Health 2022, 22, 2388. [CrossRef]

45. Asfaw, H.W.; McGee, T.; Christianson, A.C. The role of social support and place attachment during hazard evacuation: The case
of Sandy Lake First Nation, Canada. Environ. Hazards 2019, 18, 361–381. [CrossRef]

https://doi.org/10.1186/1471-2458-7-240
https://www.ncbi.nlm.nih.gov/pubmed/17854481
https://doi.org/10.1186/1476-069x-7-42
https://doi.org/10.1136/bmjopen-2020-037029
https://doi.org/10.3390/ijerph18115702
https://doi.org/10.1038/s41562-022-01396-6
https://doi.org/10.1111/j.1539-6924.2011.01647.x
https://www.ncbi.nlm.nih.gov/pubmed/21689129
https://doi.org/10.1111/j.1539-6924.2012.01942.x
https://www.ncbi.nlm.nih.gov/pubmed/23278120
https://doi.org/10.1258/jhsrp.2009.008120
https://www.ncbi.nlm.nih.gov/pubmed/19541874
https://doi.org/10.1186/1471-2288-6-35
https://doi.org/10.1177/135581960501000110
https://doi.org/10.17269/s41997-018-0070-5
https://doi.org/10.1136/ewjm.176.3.157
https://doi.org/10.1007/s13753-020-00281-y
https://doi.org/10.17730/0018-7259-75.1.59
https://doi.org/10.3389/fpubh.2022.793312
https://www.ncbi.nlm.nih.gov/pubmed/35284396
https://doi.org/10.1186/s12889-021-12411-2
https://www.ncbi.nlm.nih.gov/pubmed/34991532
https://doi.org/10.1080/17477891.2021.2020083
https://doi.org/10.1016/j.crm.2021.100351
https://doi.org/10.1016/j.scitotenv.2022.155432
https://doi.org/10.1371/journal.pone.0143655
https://doi.org/10.1071/NB08061
https://hazards.colorado.edu/uploads/quick_report/macey_2008.pdf
https://doi.org/10.1080/10810730.2011.635777
https://doi.org/10.1186/s12889-022-14816-z
https://doi.org/10.1080/17477891.2019.1608147


Atmosphere 2023, 14, 1204 11 of 12

46. McGee, T.K.; Christianson, A.C.; First Nations Wildfire Evacuation Partnership. First Nations Wildfire Evacuations: A Guide for
Communities and External Agencies; Purich Books, UBC Press: Vancouver, BC, Canada, 2021.

47. Van Deventer, D.; Marecaux, J.; Doubleday, A.; Errett, N.; Isaksen, T.M.B. Wildfire Smoke Risk Communication Efficacy: A
Content Analysis of Washington State’s 2018 Statewide Smoke Event Public Health Messaging. J. Public Health Manag. Pract.
2020, 27, 607–614. [CrossRef]

48. D’Antoni, D.; Smith, L.; Auyeung, V.; Weinman, J. Psychosocial and demographic predictors of adherence and non-adherence
to health advice accompanying air Quality Warning Systems: A systematic review. Environ. Health 2017, 16, 100. [CrossRef]
[PubMed]

49. Paton, D. Risk communication and natural hazard mitigation: How trust influences its effectiveness. Int. J. Glob. Environ. Issues
2008, 8, 2–16. [CrossRef]

50. Steelman, T.A.; McCaffrey, S. Best practices in risk and crisis communication: Implications for natural hazards management. Nat.
Hazards 2013, 65, 683–705. [CrossRef]

51. Blades, J.J.; Shook, S.R.; Hall, T.E. Smoke management of wildland and prescribed fire: Understanding public preferences and
trade-offs. Can. J. For. Res. 2014, 44, 1344–1355. [CrossRef]

52. Wong-Parodi, G.; Garfin, D.R. Priming close social contact protective behaviors enhances protective social norms perceptions,
protection views, and self-protective behaviors during disasters. Int. J. Disast. Risk Reduct. 2022, 80, 103135. [CrossRef]

53. Rappold, A.G.; Hano, M.C.; Prince, S.; Wei, L.; Huang, S.M.; Baghdikian, C.; Stearns, B.; Gao, X.; Hoshiko, S.; Cascio, W.E.; et al.
Smoke sense initiative leverages citizen science to address the growing wildfire-related public health problem. GeoHealth 2019, 3,
443–457. [CrossRef]

54. Hano, M.C.; Wei, L.; Hubbell, B.; Rappold, A.G. Scaling Up: Citizen Science Engagement and Impacts Beyond the Individual.
Citiz. Sci. Theory Pract. 2020, 5, 1. [CrossRef]

55. Williamson, R.; Banwell, C.; Calear, A.L.; LaBond, C.; Leach, L.S.; Olsen, A.; Phillips, C.; Walsh, E.I.; Zulfiqar, T. I didn’t feel safe
inside: Navigating public health advice, housing and living with bushfire smoke. Crit. Public Health 2022, 33, 230–240. [CrossRef]

56. Dix-Cooper, L. Reducing Time Outdoors during Wildfire Smoke Events: Advice to Stay Indoors, Advice to Reduce Outdoor Physical
Activity and Canceling Outdoor Events; BC Center for Disease Control: Vancouver, BC, Canada, 2014.

57. Lin, T.T.; Li, L.; Bautista, J.R. Examining How Communication and Knowledge Relate to Singaporean Youths’ Perceived Risk of
Haze and Intentions to Take Preventive Behaviors. Health Commun. 2016, 32, 749–758. [CrossRef]

58. Richardson, L.A.; Champ, P.A.; Loomis, J.B. The hidden cost of wildfires: Economic Valuation of health effects of wildfire smoke
exposure in Southern California. J. For. Econ. 2012, 18, 14–35. [CrossRef]

59. Rose, K.M.; Toman, E.; Olsen, C.S. Public use of information about smoke emissions: Application of the risk information seeking
and processing (RISP) model. Can. J. For. Res. 2017, 47, 1527–1537. [CrossRef]

60. Masri, S.; Shenoi, E.A.; Garfin, D.R.; Wu, J. Assessing perception of wildfires and related impacts among adult residents of
Southern California. Int. J. Environ. Res. Public Health 2023, 20, 815. [CrossRef]

61. Christianson, A. Social Science Research on Indigenous Wildfire Management in the 21st century and future research needs. Int. J.
Wildland Fire 2015, 24, 190–200. [CrossRef]

62. Beyene, T.; Harvey, E.S.; Van Buskirk, J.; McDonald, V.M.; Jensen, M.E.; Horvat, J.C.; Morgan, G.G.; Zosky, G.R.; Jegasothy, E.;
Hanigan, I.; et al. ‘Breathing Fire’: Impact of Prolonged Bushfire Smoke Exposure in People with Severe Asthma. Int. J. Environ.
Res. Public Health 2022, 19, 7419. [CrossRef]

63. Sharp, S.; Krebs, A. Trial by Fire: Nadleh Whut’en and the Shovel Lake Fire, 2018; Resonant Strategic: Prince George, BC, Canada,
2018.

64. Indigenous Services Canada. Annual Report to Parliament 2020; Government of Canada: Ottawa, ON, Canada, 2020. Available
online: https://www.sac-isc.gc.ca/eng/1602010609492/1602010631711#chp6 (accessed on 14 February 2023).

65. Christianson, A.C.; McGee, T.K. Wildfire evacuation experiences of band members of Whitefish Lake First Nation 459, Alberta,
Canada. Nat. Hazards 2019, 98, 9–29. [CrossRef]

66. Treves, R.J.; Liu, E.; Fischer, S.L.; Rodriguez, E.; Wong-Parodi, G. Wildfire Smoke Clean Air Centers: Identifying Barriers and
Opportunities for Improvement from California Practitioner and Community Perspectives. Soc. Natur. Resour. 2022, 1–20.
[CrossRef]

67. Statistics Canada. Housing Conditions among First Nations People, Métis and Inuit in Canada from the 2021 Census; Ottawa,
ON, Canada. 2022. Available online: https://www12.statcan.gc.ca/census-recensement/2021/as-sa/98-200-X/2021007/98-200
-X2021007-eng.cfm (accessed on 24 November 2022).

68. Zuidema, C.; Austin, E.; Cohen, M.A.; Kasner, E.; Liu, L.; Isaksen, T.B.; Lin, K.-Y.; Spector, J.; Seto, E. Potential impacts of
Washington State’s wildfire worker protection rule on construction workers. Ann. Work. Expo. Health 2022, 66, 419–432. [CrossRef]

69. Andersen, L.M.; Bonevac, A.N.; Thompson, L.K.; Dempsey, K.E.; Shay, E.D.; Sugg, M.M. Understanding key-informant expe-
riences and perceptions of the 2016 drought and wildfires in western North Carolina. Weather Clim. Soc. 2019, 11, 229–241.
[CrossRef]

70. Riden, H.E.; Giacinto, R.; Wadsworth, G.; Rainwater, J.; Andrews, T.; Pinkerton, K.E. Wildfire smoke exposure: Awareness and
safety responses in the agricultural workplace. J. Agromed. 2020, 25, 330–338. [CrossRef]

https://doi.org/10.1097/PHH.0000000000001151
https://doi.org/10.1186/s12940-017-0307-4
https://www.ncbi.nlm.nih.gov/pubmed/28938911
https://doi.org/10.1504/ijgenvi.2008.017256
https://doi.org/10.1007/s11069-012-0386-z
https://doi.org/10.1139/cjfr-2014-0110
https://doi.org/10.1016/j.ijdrr.2022.103135
https://doi.org/10.1029/2019GH000199
https://doi.org/10.5334/cstp.244
https://doi.org/10.1080/09581596.2022.2082923
https://doi.org/10.1080/10410236.2016.1172288
https://doi.org/10.1016/j.jfe.2011.05.002
https://doi.org/10.1139/cjfr-2017-0099
https://doi.org/10.3390/ijerph20010815
https://doi.org/10.1071/WF13048
https://doi.org/10.3390/ijerph19127419
https://www.sac-isc.gc.ca/eng/1602010609492/1602010631711#chp6
https://doi.org/10.1007/s11069-018-3556-9
https://doi.org/10.1080/08941920.2022.2113487
https://www12.statcan.gc.ca/census-recensement/2021/as-sa/98-200-X/2021007/98-200-X2021007-eng.cfm
https://www12.statcan.gc.ca/census-recensement/2021/as-sa/98-200-X/2021007/98-200-X2021007-eng.cfm
https://doi.org/10.1093/annweh/wxab115
https://doi.org/10.1175/WCAS-D-18-0061.1
https://doi.org/10.1080/1059924X.2020.1725699


Atmosphere 2023, 14, 1204 12 of 12

71. McGee, T.K.; Nation, M.O.; Christianson, A.C. Residents’ wildfire evacuation actions in Mishkeegogamang Ojibway Nation,
Ontario, Canada. Int. J. Disast. Risk Reduct. 2019, 33, 266–274. [CrossRef]

72. Statistics Canada. Table 14-10-0365-01 Labour Force Characteristics by Region and Detailed Indigenous Group. 2023. Available
online: https://doi.org/10.25318/1410036501-eng (accessed on 14 February 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.ijdrr.2018.10.012
https://doi.org/10.25318/1410036501-eng

	Introduction 
	Materials and Methods 
	Results 
	Wildfire Smoke Experiences 
	Wildfire Smoke Information and Communications 
	Wildfire Smoke Risk Perceptions 
	Protective Actions during Wildfire Smoke Events 
	Impediments to Wildfire Smoke Protective Actions 

	Conclusions 
	References

