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Abstract 

Background: Smoke from wildfires is a growing public health risk due to the enormous amount of smoke-related 
pollution that is produced and can travel thousands of kilometers from its source. While many studies have docu-
mented the physical health harms of wildfire smoke, less is known about the effects on mental health and well-being. 
Understanding the effects of wildfire smoke on mental health and well-being is crucial as the world enters a time 
in which wildfire smoke events become more frequent and severe. We conducted a scoping review of the existing 
information on wildfire smoke’s impact on mental health and well-being and developed a model for understanding 
the pathways in which wildfire smoke may contribute to mental health distress.

Methods: We conducted searches using PubMed, Medline, Embase, Google, Scopus, and ProQuest for 1990–2022. 
These searches yielded 200 articles. Sixteen publications met inclusion criteria following screening and eligibil-
ity assessment. Three more publications from the bibliographies of these articles were included for a total of 19 
publications.

Results: Our review suggests that exposure to wildfire smoke may have mental health impacts, particularly in 
episodes of chronic and persistent smoke events, but the evidence is inconsistent and limited. Qualitative studies 
disclose a wider range of impacts across multiple mental health and well-being domains. The potential pathways con-
necting wildfire smoke with mental health and well-being operate at multiple interacting levels including individual, 
social and community networks, living and working conditions, and ecological levels.

Conclusions: Priorities for future research include: 1) applying more rigorous methods; 2) differentiating between 
mental illness and emotional well-being; 3) studying chronic, persistent or repeated smoke events; 4) identifying the 
contextual factors that set the stage for mental health and well-being effects, and 5) identifying the causal processes 
that link wildfire smoke to mental health and well-being effects. The pathways model can serve as a basis for further 
research and knowledge synthesis on this topic. Also, it helps public health, community mental health, and emer-
gency management practitioners mitigate the mental health and well-being harms of wildfire smoke.
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Background
Climate change is leading to increased frequency, dura-
tion, and severity of wildfires, with longer fire seasons 
too [1, 2, 3, 4, 5]. Wildfires are a growing public health 
risk due to the enormous amount of smoke related pol-
lution produced, including carbon monoxide, nitrous 
oxide, volatile organic compounds and particulate matter 
less than 2.5 μm in diameter  (PM2.5), which are mixtures 
of solid and liquid particles that are suspended in the air. 
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Wildfire smoke can travel thousands of kilometers from 
the source polluting the air over distant populations for 
weeks and months [6]. For example, long-range trans-
port of pollutants from Canadian forest fires contrib-
uted to peak  PM2.5 and  PM10 values of 200 and 650 μg/
m3 in Baltimore, Maryland [7]. These levels were 17 times 
higher than the U.S. Environmental Protection Agen-
cy’s National Ambient Air Quality standard for  PM2.5 
and four times higher than the  PM10 standard. Wild-
fire smoke episodes are expected to increase as climate 
change brings warming temperatures and drier weather, 
leading to more smoke events even several thousand 
miles away from the source fires. Climate change models 
predict a 55% increase in wildfire-related pollution from 
 PM2.5 (under Representative Concentration Pathway 
[RCP] 4.5) to a 190% increase (under RCP 8.5) [8].

Many studies have examined and documented the 
physical health harms of wildfire smoke exposure includ-
ing cardiovascular, respiratory, and neuro-cognitive 
effects [9]. Studies are also documenting these effects 
occur far from the wildfire. Cardiorespiratory hospi-
talization rates increased across the mid-Atlantic and 
Northeastern United States from fires thousands of kilo-
meters away in Quebec Province, Canada [10]. O’Dell 
and colleagues reported that while most large fires occur 
in the western U.S., a majority of the attributable mortal-
ity and asthma morbidity occurs in the eastern U.S., due 
to the higher population density there [11]. Over 1.4 mil-
lion wildfires have occurred in the U.S. since 2000, caus-
ing more than 15,000 fatalities per year due to harmful 
emissions [8]. These harms are unevenly distributed 
across subpopulations, with children, the elderly, women, 
racial and ethnic minorities, those living in low socio-
economic areas, and those with preexisting comorbidi-
ties at greatest risk [12, 13, 14, 15, 16, 17, 18]. Research 
has not adequately elucidated the mechanisms for these 
differences in effects [18]. While the increased risk faced 
by children and the elderly may be imparted by physi-
cal and physiological susceptibility, disparities experi-
enced across lines of social advantage and disadvantage 
may result from constructed social and environmental 
reasons [19]. In one intriguing study, Shrestha and col-
leagues investigated indoor and outdoor levels of PM2.5 
in low-income homes at the wildland-urban interface in 
Colorado on days when ambient air pollution was ele-
vated from short- and long-range wildfire smoke [20]. 
Controlling for indoor impacts from cooking, indoor/
outdoor ratios of  PM2.5 were slightly less than one, indi-
cating only slightly higher levels outdoors than indoors 
due to the use of open windows in these homes for ven-
tilation. The authors hypothesized that poorer quality 
and older construction and lack of air conditioning, all 
related to lower socioeconomic status, were associated 

with these higher rates of indoor air pollution. Rural and 
Indigenous communities are also at heightened risk for 
health and well-being impacts of exposure to wildfire 
smoke [21, 22] possibly due to closer proximity to wild-
fires [23], longer residential tenure in smoke-exposed 
geographies, reduced access to services, and higher levels 
of comorbidities [24]. In Canada, approximately 60% of 
First Nation reserves are located within regions that are 
at high risk from wildfire events [25].

The increasing intensity of wildfire events and duration 
of wildfire seasons, combined with current and antici-
pated wildfire-related health impacts underscores the 
importance of understanding the full range of potential 
health effects including impacts on mental health and 
well-being [26]. Herein, we define mental health follow-
ing the American Psychological Association as “a state 
of mind characterized by emotional well-being, good 
behavioral adjustment, relative freedom from anxiety and 
disabling symptoms, and a capacity to establish construc-
tive relationships and cope with the ordinary demands 
and stresses of life” [27]. The mental health effects of 
climate change generally, and wildfire smoke specifi-
cally, have not been adequately examined compared to 
physical health endpoints. Studies documenting the risk 
of adverse mental health consequences after experienc-
ing a wildfire have focused on the traumatic experience 
of being in a life-threatening experience, losing property, 
the stress of evacuation, and the stress of recovery [28]. 
Less attention has focused on the effects of smoke on 
mental health and well-being. Exploring this relationship 
is even more pertinent considering the growing body 
of research documenting the negative effects of air pol-
lution on mental health, including depression, anxiety, 
suicide, and psychological distress [29, 30, 31, 32, 33, 34, 
35]. Understanding these effects of wildfire smoke is cru-
cial as the world enters a time in which wildfire smoke 
events can spread hundreds of miles past the immediate 
burn for prolonged periods of time and the interconnec-
tion between the physical and mental well-being effects 
of smoke is increasingly recognized [36].

We conducted a scoping review on the impacts of 
wildfire smoke on mental health and well-being. Our 
aim was to review the existing information on wildfire 
smoke’s impact on mental health and well-being and to 
develop a model for understanding the ways in which 
wildfire smoke may contribute to mental health dis-
tress. For the purposes of this review, wildfire smoke 
(referred to as bushfire smoke in some contexts) was 
defined broadly as smoke from the landscape includ-
ing both wild lands and agricultural lands. This broad 
definition encompasses various sources of smoke 
including from forests and peatland fires. It permitted 
a more wide-ranging and comprehensive review of the 
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literature and was made necessary by existing studies’ 
broad definitions.

Methods
We followed the five phase process outlined by Arksey 
and O’Malley for conducting scoping reviews [37] which 
includes: (1) identifying the research objectives/ques-
tions, (2) identifying relevant publications, (3) selection 
of publications, (4) data charting, and (5) collating, sum-
marizing, and reporting the results.

Librarians at the U.S. National Academies of Science, 
Engineering, and Medicine and Lakehead University 
conducted systematic electronic database searches using 
Google, Scopus, PubMed, Medline, Embase and Pro-
Quest Research Library from January 1990 to February 
2022 to identify scientific papers, journal articles, book 
chapters, and reports related to mental health and well-
being impacts of wildfire smoke exposure [38]. This date 
range was selected to “balance feasibility with breadth 
and comprehensiveness” as outlined by Levac [38] and 
based on our general knowledge of the scholarly research 
in this realm (it is noteworthy that only one article iden-
tified in our database searches was published between 
1990 and 2004, justifying this decision [39]). The search 
was conducted using a combination of multiple keywords 
including “environmental exposure”, “smoke”, “mental 
health”, “depression”, “anxiety”, “psychological symptoms”, 
and “psychological distress”. The search was limited to 
studies in the English language. After duplicates were 
removed, titles, abstracts and full texts were screened for 
relevance. Exclusion criteria were applied (see Table  1). 
Importantly, publications that did not explicitly examine 
the relationship between mental health and/or well-being 
and wildfire smoke events/exposures were excluded (i.e., 
exclusive focus on wildfire evacuations without smoke 
exposure). Questionable cases were resolved through dis-
cussion among the authors. In all cases, we searched the 
citations of final eligible articles to ensure the inclusion 

of all the relevant articles. Lastly, we contacted experts to 
locate unpublished reports from the gray literature. All 
evaluation of results from these studies was based on the 
authors’ interpretation of the reported findings in each 
paper.

The database searches yielded a total of 200 articles (see 
Fig. 1). After title, abstract and full text screening and eli-
gibility assessment, we identified 16 studies for inclusion 
and added three more studies from the bibliographies of 
these publications for a total of 19.

A data extraction form, which included 17 items (pub-
lication year, main objective(s), methodology overview, 
exposure data, outcome data, publication type, study 
design, study population (or unit), sample size, study 
country, geographic scope, summary of results, mental 
health/well-being outcomes, emotional impacts, notes 
about moderators/mediators/pathways, implications/
recommended actions, and future research recommen-
dations) was used to structure and support knowledge 
synthesis. The data charting process was conducted inde-
pendently by each author and all ambiguities regarding 
the results and interpretation considered for the final 
scoping review were discussed among the authors. A 
short narrative summary of each of the 19 publications 
was written to further contribute to synthesis. Also, after 
completing the data charting and narrative synthesis of 
the 19 publications, the authors met to discuss the poten-
tial pathways between wildfire smoke exposure and men-
tal health and well-being and to codevelop the proposed 
model presented in our results. The authors self-identify 
as a U.S. white, able-bodied man and a Canadian white 
settler, able-bodied woman.

Results
The results of this scoping review represent key findings 
and insights relevant to the impacts of wildfire smoke on 
mental health and well-being. In the sub-sections below, 
findings from our analysis of 19 articles are presented. 

Table 1 Inclusion and exclusion criteria used in review

Inclusion criteria Exclusion criteria

Empirical peer-reviewed research Conference abstracts or proceedings, protocols/
frameworks, commentaries, articles in media, 
editorials, literature reviews without a search 
strategy, letters to the editor, book reviews, 
textbooks, replies from author, erratum, thesis, or 
opinion pieces

Publication explicitly examined the relationship between mental health and/or well-being and 
wildfire smoke events and/or exposures

Publication does not explicitly examine the 
relationship between mental health and/or well-
being and wildfire smoke events/exposures

Publications discussed mental health and/or well-being related impacts or outcomes in humans Publication is an animal study

English language Publications in languages other than English
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First, we summarize key characteristics of the publica-
tions, then we summarize and synthesize the set of stud-
ies using quantitative data followed by a summary of the 
qualitative, mixed methods, and literature review stud-
ies. Finally, we provide a model of the potential multiple 
interacting pathways between wildfire smoke exposure 
and mental health and well-being.

General characteristics of the publications
Overall, we found that the literature on wildfire smoke 
and mental health and well-being is growing, character-
ized by a diversity of study designs and methods, and 
predominantly taking place in North America and Aus-
tralia. Table 2 displays the author, date, study objective(s), 
study design, and mental health and well-being outcomes 
measured or discussed for all studies included in this 
review.

There was an overall increasing trend in the num-
ber of publications over time, with 70% published since 
2014. Although we searched for publications from 1990 
onwards, we only found one published between 1990 
and 2004. In terms of geography, the countries which 
were most represented were Australia (n  = 4), Canada 
(n = 5), and the USA (n = 3) highlighting that most of 
the literature is situated within high-income countries. 
Middle-income countries represented, all located within 
Southeast Asia, included Singapore (n = 2) and Malaysia 
(n = 1); there were no low-income countries represented. 
Geographic scope of the publications included local/
community (n = 6), regional (n = 9), national (n = 1) and 
international (n = 3).

Of the 19 publications, 15 were original empirical 
research, one was a report, and three presented find-
ings from literature review processes. Among the origi-
nal empirical research publications, nine publications 
collected and analyzed quantitative data, five qualitative 
data, and one used mixed methods [the Hazelwood Mine 
Fire Inquiry [44] was a report that also utilized mixed 
methods]. A diversity of methods and designs were used 
in the publications. Ecological and cross-sectional study 
designs using surveys were common among the quanti-
tative publications; semi-structured interviews were used 
in all five of the publications that collected qualitative 
data.

Regarding smoke exposure data among the nine stud-
ies using quantitative methods, four publications char-
acterized exposure based on population/community 
exposure to wildfire smoke events (e.g., assumed smoke 
exposure because of proximity to fire events), three pub-
lications used self-reported measures of exposure (e.g., 
self-reported wildfire exposure as none, mild or severe), 
and two studies used outdoor air quality monitoring 
data. With respect to the outcome data for the quantita-
tive studies, most measured mental health and well-being 
outcomes with self-reported data (five of nine), three 
used administrative data (e.g., emergency room data, pre-
scription data), and one publication used a physiological 
measure.

Summary of publications using quantitative data
We reviewed nine quantitative studies. Three stud-
ies used administrative data to measure mental health 

Fig. 1 Flow diagram of records identified through database searches, relevance and eligibility screening, and hand searches
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outcomes [39, 41, 43]. Duclos compared emergency 
room visits in six California counties during a wild-
fire to visits during two reference periods (a year before 
and two weeks before the fire) [37]. There was a statisti-
cally significant increase in visits for asthma, COPD and 
other conditions such as laryngitis but the increase in 
mental health conditions was not statistically significant 
(p = 0.4). Smoke exposure was not specifically assessed 
or extracted from the medical record and the authors 
reported that air monitoring could not be quantified reliably 
for the exposed counties.

Moore analyzed physician billing records to study the 
relationship between increases in  PM2.5 and  PM10 from 
wildfires in two regions of Canada and physician visits for 
physical and mental health complaints [41]. There was 
a positive association between wildfire particulate mat-
ter and increased weekly rates of physician visits for res-
piratory complaints in one of the two regions. Increased 
rates of visits for cardiovascular and mental illnesses 
were detected before, during and after the fires and the 
authors felt they could not be ascribed to the fires. Simi-
larly, Caamano-Isorna analyzed a database of pharma-
ceuticals prescribed by primary care doctors to study 
the association of the 2006 wildfires in Galicia, north-
west Spain, with respiratory and mental health effects, 
using the consumption in that region of drugs for 
obstructive airway diseases and anxiolytics-hypnotics 
as indicators [43]. The study found a significant increase 
in anxiolytic-hypnotics consumption among men from 
exposed municipalities; it did not assess smoke expo-
sure independently of fire exposure or other wildfire-
related experiences.

Rodney’s study surveyed Australian residents of thirty-
one postal codes that had experienced high levels of 
smoke-related air pollution from the 2019–2020 Aus-
tralian Capital Territory bushfire season [6]. Outcomes 
included self-reported physical health, mental health, and 
sleep patterns and whether they attributed their symp-
toms to smoke. Participants were recruited by letters 
posted to homes, from a pre-existing population panel, 
and by social media, radio advertisements, and word of 
mouth. The response rate for the letter invitations was 
6.4%. 45.3% reported anxiety due to the smoke and 21.4% 
reported feeling depressed because of the smoke. Nega-
tive mental health symptoms were more common among 
women and 25–54 year olds. Bivariate models disclosed 
greater odds of mental health symptoms among parents, 
persons with pre-existing physical health diagnoses, per-
sons with pre-existing mental health diagnoses, and per-
sons reporting direct exposure to the current fires. Over 
37% of respondents reported disrupted or poor sleep 
which was positively associated in bivariate analyses 
with females, younger age groups, pre-existing physical 

diagnoses, direct exposure to the current fires, and direct 
exposure to previous bushfires.

Two studies employing a trauma mental health frame-
work included questions about wildfire smoke exposure 
as an indicator of a perceived threat to the safety of par-
ticipants or their families [40, 42]. McDermott conducted 
a study on posttraumatic stress disorder and general 
psychopathology in children and adolescents following 
wildfires in the Australian Capital Territory in 2003 [40]. 
Children and adolescents who saw smoke scored signifi-
cantly higher on components of the Strengths and Dif-
ficulties Questionnaire, a screening instrument for child 
and adolescent mental health in which higher scores are 
predictive of psychiatric diagnoses. In the trauma men-
tal health framework, the authors considered witness-
ing smoke to be an indicator of a perceived threat to the 
child and adolescent participants or their family, thereby 
affecting their stress and emotional well-being. In Mar-
shall’s trauma mental health study of evacuees of a 2003 
Southern California wildfire, difficulty breathing due to 
smoke or ashes along with house or property damage 
and physical injury to self or loved one were predictors 
of a probable PTSD or major depression diagnosis [42]. 
After adjusting for demographic characteristics, difficulty 
breathing due to smoke exposure was no longer a predic-
tor of probable mental health diagnosis.

Three studies focusing on the smoke and air pollu-
tion from annual forest fires caused by agricultural land 
clearing techniques and burning of tropical peatland, 
called “haze”, reported adverse effects on mental health 
and well-being [36, 45, 50]. Ho studied acute psychologi-
cal symptoms due to short-term exposure to haze dur-
ing the 2013 Southeast Asian Haze Crisis [36]. Singapore 
participants were recruited during a week when the Pol-
lution Standard Index (PSI) reached 401 on a scale of 
0–500, with > 300 defined as hazardous for health. Par-
ticipants were a snowball sample of mainly students aged 
18–29 years old. The total on the Impact of Events Scale-
Revised (IES-R) score was 18.47 (S.D. = 11.69) consist-
ent with mild to moderate psychological stress (primarily 
intrusion symptoms and hyper-arousal symptoms) but 
below the threshold of acute stress reaction syndrome 
at a score of 33. The participants’ intrusion symptoms 
included recurrent thinking about haze, negative feel-
ings from reminders of the haze, dreams about haze, and 
recurrent mental pictures of haze. The arousal scores 
included irritability, being easily startled, insomnia, poor 
concentration, and physical reactions after reminders of 
the haze. Perceiving a lower level of PSI as dangerous was 
associated with higher IES-R total scores (β = − 2.734, 
SE = 1.374,  R2 = 0.013, p = 0.047), mean intrusion score 
(β = − 0.162, SE = 0.074,  R2 = 0.016, p = 0.029), and mean 
hyperarousal score (β = − 0.217, SE = 0.087,  R2  = 0.020, 
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p = 0.013). The total number of physical symptoms was 
associated with the mean avoidance score (β  = 0.048, 
SE = 0.011, R2 = 0.061, p  < 0.001), mean intrusion score 
(β = 0.075,SE = 0.013,  R2 = 0.095, p < 0.001), mean hyper-
arousal score (β = 0.075,SE = 0.013,  R2 = 0.095, p < 0.001), 
total mean IES-R score (β = 0.080, SE = 0.011,  R2 = 0.153, 
p  < 0.001), and total IES-R score (β = 0.080, SE = 0.011, 
 R2 = 0.153, p < 0.001).

Tan and colleagues studied the effect of haze exposure 
on cerebral hemodynamics also during the 2013 South-
east Asian Haze Crisis in Singapore [50]. The authors 
hypothesized that vasoactive substances in the haze 
would cause cerebral vasculature vasodilation which 
might lead to psychosomatic symptoms (sore throat, 
nausea, anxiety, insomnia, poor appetite, headache, 
neck stiffness, cough, sputum, breathlessness, runny 
nose, joint pain, rash, lethargy, itching, and watery eyes) 
[50]. Cerebral hemodynamics (pulsatility index, resistiv-
ity index), blood pressure, and symptoms were meas-
ured before and immediately after participants were 
exposed to 30 minutes of outdoor haze. Haze exposure 
caused modest, significant changes in cerebral hemody-
namics. Moreover, participants with one or more new 
psychosomatic symptoms after haze exposure had pro-
nounced changes in cerebral hemodynamics that were 
not observed among asymptomatic volunteers, leading 
the investigators to postulate a differential susceptibility 
to the vasoactive effects of haze on cerebral vasculature.

In the third study of haze in Southeast Asia, De Pretto 
et  al. surveyed two sets of residents of Kuala Lumpur, 
Malaysia in 2014 about their knowledge, concerns, and 
practices in relation to haze: amateur athletes taking 
part in a duathlon and members of the general public 
in a shopping mall [45]. Concern was high in most par-
ticipants: 70% of persons surveyed reported sadness in 
response to haze conditions, 80% reported feeling sad 
because of “the negative effects on the natural environ-
ment” and 79% reported being afraid for their health. 
Concern was significantly higher among participants 
from the duathlon event than among shopping mall 
respondents (3.94 ± 0.4 vs. 3.80 ± 0.5; p < 0.05). In analy-
ses of covariance conducted to test the effect of the dif-
ferent variables simultaneously, parenthood (t = 2.90, 
df = 294, p  < 0.05) and age (t = 3.35, df = 294, p  < 0.05) 
were associated with higher concern. There was a weak 
positive correlation between greater knowledge about 
the haze and greater concerns (r = 0.15, t = 2.6, df = 300, 
p < 0.05).

Summary of publications using qualitative data, 
mixed-methods and literature reviews
As outlined above, our review included five publica-
tions using qualitative data, three literature reviews, and 

two mixed-methods publications (one empirical study 
and one report). These publications provide a deeper 
understanding of the lived experiences of the mental 
health and well-being impacts of wildfire smoke expo-
sure and a more fulsome understanding of the myriad 
ways that exposure to smoke may affect mental health 
and well-being beyond clinical diagnostic outcomes and 
categories.

Three of the qualitative publications examined mental 
health and well-being impacts in Indigenous communi-
ties in Canada and provide intriguing insights into how 
long periods of smoke events, along with evacuations, 
can affect mental health and well-being. These studies 
are particularly valuable given that Indigenous commu-
nities, which are commonly located in forest ecosystems 
prone to wildfire, are at heightened risk of exposure to 
wildfire and smoke events [54]. Importantly, these com-
munities are also at risk of repeated exposures over 
time and cumulative impacts associated with smoke 
exposure along with wildfire evacuation processes and 
face structural and systematic racism and marginaliza-
tion [49]. Mottershead et al. worked with the Dene Tha’ 
First Nation to explore the wildfire evacuation experi-
ence, to identify factors that helped and hindered the 
evacuation process, and to examine how the evacua-
tion process affected evacuees, including mental health 
and well-being [51]. The study was part of a larger pro-
ject and partnership called the First Nations Wildfire 
Evacuation Partnership and used a community-based 
case-study approach. Drawing on individual and group 
semi-structured interviews with 31 community mem-
bers, authors reported that the evacuation experience 
and being confined indoors due to wildfire smoke led to 
feelings of frustration, isolation, stress, and depression 
for residents while they awaited updates and for the fire 
to be contained. Some community members noted that 
stress lasted beyond the evacuation and wildfire event 
with longer term consequences for mental health and 
well-being. Also noteworthy, having limited information 
overall and about smoke exposure and air quality beyond 
visual observation exacerbated mental and emotional 
health impacts. The authors also report that the following 
factors contributed to the communities’ adaptation to the 
wildfire event and evacuation: strong leadership, keep-
ing families together, providing social support, and using 
familiar host communities.

Dodd et  al’s 2018 study examined the impact of pro-
longed wildfire smoke events on mental health and well-
being throughout the summer of 2014 in the Northwest 
Territories [48]. Based on 30 interviews with commu-
nity members, community leadership, Elders, and other 
relevant key informants (e.g., local physician and public 
health official), the research team found that prolonged 
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and persistent smoke exposure had wide-ranging effects 
on mental and emotional well-being. The majority of 
those interviewed reported “a direct connection between 
the wildfires and smoke and a decrease in their men-
tal and emotional health.” [48]. Elevated feelings of fear, 
anger, depression, stress, isolation, hopelessness and 
uncertainty were frequently expressed. Being confined 
to home and disruptions to land-based activities led to 
isolation from community and family which exacerbated 
feelings of loneliness, stress, and anxiety. Personal and 
community isolation were the most commonly expressed 
consequences associated with living through the “sum-
mer of smoke” [48]. Persons who depended on the land 
for supplementing their food also experienced increased 
food insecurity. Relatedly, lack of outdoor physical activ-
ity was a mental health stressor and the physical symp-
toms of smoke exposure impeded such activities. The 
emotional and mental impacts of being separated from 
the land, outdoor activities, food sources and livelihoods, 
along with dislocation due to evacuations, are succinctly 
described by research participants in the following quo-
tations and align with the concept of solastalgia:

It was the lost summer…the attachment to the land 
and place, what it does, and when you get alienated, 
you know, from that place…it takes a deep, emo-
tional toll, if not a spiritual toll

As another respondent said:

It was like we didn’t have a summer, for me, because, 
usually we get outside, we do things on the water…we 
enjoy being in the North. We enjoy being outside. We 
enjoy the environment. We enjoy cooking. Everything 
that’s outside, we enjoy, and, I feel like I lost that…
that impacts you emotionally and mentally

Findings also illustrate community resilience [concep-
tualized as how communities avoid, reduce, or cope with 
the damages caused by disasters, and how they recover 
with minimal social disruption] and a strong sense of 
community in response to the prolonged wildfire events, 
smoke exposure, and wildfire evacuations.

Christianson et  al. also conducted semi-structured 
interviews (n = 35) to learn about experiences of evacu-
ations due to a wildfire and smoke event that occurred in 
May 2011 in Whitefish Lake First Nation 459 (Alberta, 
Canada) [49]. Although most mental health and well-
being consequences reported in this publication were 
linked specifically to the community evacuation process, 
participants shared that exposure to smoke heightened 
feelings of concern, fear, and distress. Seeing smoke in 
the sky, which is very common in summer months for 
Whitefish Lake residents, triggered emotional impacts 
and feelings of concern and fear after returning to the 

community underscoring the recurring and lasting 
effects [49]. Several studies in our review describe how 
persons experiencing wildfire events had recurring nega-
tive thoughts about their experiences when confronted 
with reminders like the smell of smoke and images of 
smoke [40, 47, 49, 55].

Humphreys et  al. used focus groups and interviews 
to describe how extreme and persistent smoke events 
impact mental health and well-being in rural communi-
ties in Washington state (USA) [21]. Participants dis-
cussed a diversity of emotional impacts and responses 
associated with persistent smoke events including worry, 
stress, guilt, depression, lack of motivation, hopeless-
ness, and helplessness. Interestingly, those who left the 
community during smoke events also reported feeling 
stress as well as guilt. The authors argue that the impacts 
of wildfire smoke on mental health and well-being may 
be particularly problematic in rural communities, which 
tend to be “dependent on contributions of nature to 
people’s quality of life” [21]. When discussing pathways 
leading to anxiety, stress, and depression, key factors 
included experiencing physical health effects (such as 
respiratory effects), isolation, and lack of physical exer-
cise. This study also examined how community members 
coped with these impacts and possible actions to mitigate 
well-being impacts in future wildfire events. Findings 
highlighted the need for stress reduction activities and 
support groups, a community clean air space to facilitate 
gathering and address social isolation, resources dedi-
cated to strengthening social connections in rural com-
munities, community air quality monitoring, and free air 
filters (particularly for low-income groups).

Heaney, Vincent, and Reid reported on literature 
review processes related to wildfire smoke and mental 
health and being [9, 46, 52]. Heaney synthesized current 
evidence pertaining to optimal public communication 
strategies used in smoke-related disasters using a scop-
ing review methodology [52]. The authors reviewed 67 
articles that focused on health communication and/or 
adverse health effects of smoke exposure in the context 
of wildfire (bushfire) smoke events. Only 8 of 67 arti-
cles in the review made the connection between wildfire 
smoke events and psychosocial and mental health effects 
specifically. The authors emphasize that smoke exposure 
is usually associated with mild psychological distress, 
that isolation is a common precipitating factor, and that 
effective health communication may help reduce mental 
health consequences [52]. They also highlight that “... it 
is difficult to differentiate the psychological impacts spe-
cifically related to smoke exposure from other potentially 
traumatizing factors like forced evacuation from home, 
an approaching fire front, or the loss of loved ones and 
belongings”.
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The literature review from Reid and colleagues [9], 
aimed to assess the evidence of health effects from 
exposure to wildfire smoke (respiratory, cardiovascular, 
mental, and perinatal health specifically) and to iden-
tify susceptible populations using a modified systematic 
review methodology (based on Woodruff and Sutton) 
[56]. Studies that were reviewed were assessed for risk of 
bias based on considerations of sample size, study expo-
sure assessment methods, controlling for potential con-
founding factors, and use of objective outcome measures. 
They found six studies that investigated the association 
between wildfire smoke exposure and objective mental 
health impacts and outcomes. Two studies were assessed 
as low potential for bias (which we also describe above); 
Duclos [39] and Moore [41]. The review highlighted the 
lack of rigorous research on the association between 
wildfire smoke and mental health outcomes and high-
lighted the “lack of information about which populations 
are most susceptible to wildfire smoke exposure and 
associated health impacts”.

Vincent et  al’s literature review focused on wildland 
firefighter sleep and associated impacts on safety and 
health (including mental health) illustrating that wild-
land firefighters who are constantly exposed to smoke, 
noise and heat may experience impaired sleep quality 
and quantity which may have physiological and cogni-
tive effects [46]. Pelletier also focused specifically on the 
health of wildland firefighters [53]. This study used a sur-
vey and semi-structured interviews with wildland fire-
fighters and related personnel to identify health research 
priorities among this subgroup with heightened vulner-
ability to health impacts of wildfire smoke. The effects of 
exposures on fatigue and sleep, stress, and overall mental 
health (78%) were identified as key research priorities, 
along with long term health impacts generally.

Finally, two publications included in our review 
focused on the Hazelwood Mine Fire, a 45 day-long mine 
fire sparked by a nearby bushfire which led to persistently 
elevated air pollution and dramatic, thick plumes of ash 
and smoke covering nearby towns [44]. The Hazelwood 
Mine Fire Inquiry used a Rapid Health Risk Assessment 
approach and gathered qualitative and quantitative data 
to generate a comprehensive after event report and to 
examine the health effects that the smoke and ash pro-
duced [44]. Due to the fire and smoke event, families had 
to move away, wear masks and staying indoors to reduce 
smoker exposure. Also, schools relocated and businesses 
closed down. The assessment of psychological impacts 
stated:

Many community members have developed levels of 
anxiety and depression, which they attribute to the 
mine fire. Issues raised by community members at 

community consultations included concern about 
evident smoke and ash and the generally unpleas-
ant environment during the mine fire, and also 
the unknown long-term impact of the mine fire to 
their health. A number of individuals advised that 
they were afraid to leave their home for the period 
of time that the mine fire was burning. Many resi-
dents also suffered anxiety and stress from disrupted 
family life, the loss of enjoyment of their home and 
neighborhood, the smell in the air, and because they 
could not go outside…. The Board also heard evi-
dence about the broader social effects of the Hazel-
wood mine fire. Concerns were expressed during 
community consultations about the potential for an 
increase in family violence in the short to medium-
term as a result of stress caused by the mine fire. 
Professor Campbell advised the Board that the 
whole community, especially young children, are at 
risk of psychosocial impacts as a result of the emer-
gency, including an increased risk of family violence, 
drug and alcohol abuse, depression and anxiety, 
post-traumatic stress disorders and phobias. (Part 4, 
page 318)

The Hazelwood Mine Fire Inquiry emphasized that the 
community was highly concerned about the long-term 
physical and mental health impacts of smoke and ash 
exposure associated with the fire [44]. A phenomenologi-
cal analysis of school relocation due to the Hazelwood 
Mine Fire by Berger et  al. supports the report’s find-
ings and describes elevated anxiety among students and 
increases in stress and violence in the home [47].

Pathways between wildfire smoke exposure and mental 
health and well-being
The publications we reviewed provide insights into 
underlying pathways which may connect smoke exposure 
with adverse mental health and well-being. We identified 
potential mechanisms operating at several levels includ-
ing the Individual, Social and community networks, Liv-
ing and working conditions, and Ecological levels (Fig. 2) 
These levels are nested and interactively influence mental 
health and well-being. Mechanisms can cross between 
multiple levels and can influence mental health and well-
being differently, based on cumulative and intersectional 
experiences. The interplay and interaction between these 
mechanisms may be complex and vary in different com-
munities, people, and situations. Our model is adapted 
from Lawrance and colleagues [57], which was based on 
Dahlgren and Whitehead, Bronfenbrenner’s Ecological 
Systems Theory and the Lancet Commission for Global 
Mental Health and Sustainable Development [58, 59, 60]. 
The model is based on limited evidence since the number 
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of publications in our review is small and a heterogene-
ous mix of populations, outcomes, and study types. How-
ever, it illustrates the need for future research to consider 
the variety of mechanisms and interconnected levels 
by which wildfire smoke may harm mental health and 
well-being.

Individual level mechanisms include physiological and 
physical mechanisms such as diminished sleep quantity 
and quality [6, 46, 53], changes in cerebral perfusion [50], 
physical symptoms from the smoke [6, 21, 36, 48], food 
insecurity [48], and reductions in outdoor physical activ-
ity [48]. The individual level also includes psychological 
and emotional mechanisms, such as previous negative 
physical harms from the smoke, perceived risk of danger 
[36], and negative reminders from smoke [36, 40, 47, 49, 
55]. These are nested in social and community network 
factors including isolation from people [21, 46, 48, 51, 
52] and reduced summertime outdoor activity brought 
on by smoke [48], the potential for family stress and vio-
lence that may occur [44], and risk communications from 
authorities that may be limited or inadequate [36, 51, 52].

The individual level and social and community level 
factors are placed in the context of living and work-
ing conditions such as home evacuations [6, 26, 49, 49, 
51, 55], school relocations [44, 47], and reductions in 

access to one’s livelihood [21, 44, 48] particularly for out-
door workers and people in the recreation and tourism 
industries. All of this occurs in the ecological context of 
increasing and possibly yearly, repeated and prolonged 
smoke events and the feeling of a loss of nature that 
occurs [21, 44, 48]. As authors have noted, it is challeng-
ing to tease out the mental health impact of exposure to 
wildfire smoke from the impact of evacuation and trau-
matic experiences such as an approaching fire front and 
lack of information or poor communication from govern-
ment agencies [6, 52]. Though these proposed pathways 
arose from our review they must be considered prelimi-
nary and hypothetical.

Discussion
We provide a scoping review examining how wildfire 
smoke may affect mental health and well-being. With 
coverage of the global, quantitative and qualitative litera-
ture spanning outcomes, our study offers the most com-
prehensive review of research on the mental health and 
well-being consequences and pathways to date.

Compared to the understanding of the physical health 
impacts of wildfire smoke exposure, the understanding 
of the mental health impacts of wildfire smoke is in its 
infancy. Our review suggests that exposure to wildfire 

Fig. 2 Potential pathways between wildfire smoke exposure and mental health and well-being
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smoke may have mental health impacts, particularly in 
episodes of chronic and persistent smoke events, but the 
evidence is inconsistent and limited. The knowledge and 
evidence gaps alongside the growing risks of exposure 
and impacts underscore the importance of additional 
research in this realm.

Reviewing the quantitative research, overall, we concur 
with Reid that methodological limitations make it diffi-
cult to reach a conclusion from these studies [9]. Stud-
ies of comparable events such as seasonal haze do find 
an association [36, 45, 50] but also have a likelihood of 
bias due to their non-random samples. Studies applying a 
trauma framework do not provide sufficient information 
to assess the association [40, 42]. Moreover, it is difficult 
to tease out the differential impacts of exposure to wild-
fire smoke from other frightening and traumatic expe-
riences such as witnessing fire or an evacuation. Short 
term exposures like those studied by Moore and Duclos 
may not have a mental health impact [39, 41]. Also, using 
administrative health data may limit detection in rural 
communities where population density and both mental 
healthcare seeking and access are low.

The quantitative empirical studies were further limited 
by their methods of exposure determinations and meas-
urement of mental health outcomes. It is challenging to 
accurately assess exposure, and many studies relied on 
self-reported exposure or duration of time exposure. For 
example, a limitation of both Moore’s and Caamano-Isor-
no’s studies is that the exposure classifications are crude 
and non-specific [41, 43]. All residents in the population 
are assumed to be equally exposed during the fire period 
which is not likely the case. None of the quantitative 
studies adequately examined the characteristics differ-
entiating vulnerable and susceptible sub-groups though 
Reid’s literature review study did aim to identify suscep-
tible populations [9]. Also relevant, the long-term mental 
health and well-being impacts of wildfire smoke, and the 
impacts of exposure to multiple events, are inadequately 
understood in the existing literature.

Qualitative studies provide a richer sense of the topic 
and a more fulsome understanding of lived experiences. 
In Dodd’s study conducted after a wildfire season with 
over 40 days of smoke, affected residents far from the 
fires said it was like they lost their summer [48]. People 
reported isolation from others, less community partici-
pation, loss of nature, and worsened mental health.

The learning from qualitative research allows a more 
nuanced understanding of the social well-being, emo-
tional well-being and spiritual impacts of wildfire smoke 
events and exposures. Qualitative research provides out-
comes of importance beyond diagnostic codes and cat-
egories which are inherently limited in information and 

meaning, and likely less prevalent. It provides an oppor-
tunity for cultural framing of mental health. By avoiding 
the pathologizing framework of mental health diagnoses 
it also allows more stakeholders to engage, for instance 
first responders and community members who may not 
want to be pathologized as traumatized [42]. Qualita-
tive research is well suited to community participatory 
research methods and greater community ownership 
over the research process and results. Understand-
ing wildfires, particularly smoke but any of the issues 
examined here, as lived experiences invites greater 
discourse.

Our model of the potential pathways between smoke 
exposure and mental health and well-being effects is a 
contribution that scientists can use to connect the lessons 
of past studies with future research. The mechanisms 
proposed are supported by research in similar fields 
uncovering the biological and non-biological channels 
through which non-wildfire related air pollution leads to 
mental health problems. The population mental health 
effects of urban fine particulate air pollution  (PM2.5 and 
 PM10) from industrial and motor vehicle emissions is 
documented [61, 62]. A study in Belgium found that 
the association between air pollution derived  PM2.5 and 
generalized anxiety disorder was partially mediated by 
a difference in physical activity and Wang reported the 
association between  PM2.5 and depression was mediated 
by physical activity [30, 36]. Inhaled pollution activates 
biological pathways implicated in the development of 
depression [61, 62] and wildfires may have worse toxici-
ties; for example, the particulate matter in wildfire smoke 
may be more toxic to lung tissue than particulate matter 
from ambient air pollution [63, 64]. While concentra-
tions of fine particulate matter from U.S. anthropogenic 
sources are decreasing due to reduced industrial emis-
sions, climate model simulations predict a 55% increase 
in wildfire-related  PM2.5,—making the study of wildfire 
smoke’s mental health effects all the more important 
[8]. As regulations seek to further reduce anthropo-
genic sources of emissions, wildfire smoke may become 
the major source of ambient air pollution in regions of 
the continental United States [8, 65]. Air pollution stud-
ies also suggest that psychological factors can moderate 
vulnerability to the negative effects of environmental pol-
lutants on health and physiology [64, 66, 67]. We suggest 
that living under the lockdowns of the COVID-19 pan-
demic may have given readers some sense of what this 
is like; the isolation from community and the dread that 
leaving the house to go into the world outside is funda-
mentally dangerous might sum up the isolating and fear-
some experience of the pandemic and persistent wildfire 
smoke events.
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Implications for future research
Our review suggests many priorities for future research. 
We recommend more rigorous methods to generate 
more robust conclusions about the mental health and 
well-being impacts of wildfire smoke exposure. For exam-
ple, improved epidemiological studies that accurately 
measure individual and population smoke exposure are 
needed to better characterize specific health impacts. The 
reviewed wildfire research used self-reported exposure 
or spatially and temporally resolved models of exposure 
to outdoor wildfire smoke levels as proxies for exposure, 
without accounting for the effects of pollutant transfer 
indoors. Advances in the measurement of wildfire smoke 
and air quality are needed to address the existing limita-
tions in exposure assessment [68]. Wildfire smoke expo-
sure accounting for indoor and outdoor chemical and 
particulate matter concentrations can improve this expo-
sure characterization. Emerging technologies in ground-
level monitoring of air quality alongside innovations in 
wearable sensors that reduce the potential of misclassifi-
cation bias in exposure assessment present opportunities 
for addressing existing gaps and limitations in the exist-
ing research. Another priority is research differentiating 
between mental illness or probable mental illness on the 
one hand and emotional well-being on the other. Qual-
ity of life should also be studied as an outcome. Current 
research is mostly from the global north (United States, 
Canada, Australia) with only three studies published 
from the global south. Studies conducted in the global 
south are urgently needed where fuel types may differ, 
susceptible populations may differ, fires frequently extend 
for long times, and interventions to protect mental health 
and well-being may differ [69]. For example, seasonal 
“haze” is created by wildland fires due to slash-and-burn 
techniques for clearing agricultural lands in South Asia, 
where the cultural framing of mental health and well-
being may differ compared to the global north and where 
mental health resources are in short supply.

At the same time, more work is needed to identify the 
contextual factors that set the stage for mental health 
and well-being effects and the pathways and mechanisms 
that link wildfire smoke to mental health and well-being 
effects. Our proposed pathways model can be used to 
inform future data collection investigating how smoke 
harms mental health and well-being. Since reducing the 
factors and their interactions may also positively influ-
ence mental health, the model can be used to under-
stand which protective factors mitigate against mental 
health and well-being harms. Still, missing from the 
research is anything more than a preliminary under-
standing of which pathways may be important in differ-
ent populations and contexts. This includes identifying 
susceptible populations and a better understanding of the 

mechanisms and risk factors underlying the associations. 
Additional contextual factors that should be considered 
are socioeconomic disadvantage, marginalization, and 
housing attributes that influence the indoor accumula-
tion of wildfire smoke. The specific groups studied in the 
papers we reviewed included fire-fighters, Indigenous 
communities (in Canada), and residents of rural com-
munities. Further research is needed to uncover other 
mechanisms and mediators that may explain mental 
health and well-being effects in other groups, such as age 
(particularly children) and gender groups. Finally, studies 
to date have focused mainly on the Individual level and 
Social and community network level. Additional factors 
that may influence risk and impact such as experiences of 
systemic racism and community cohesion should be con-
sidered in future research.

The accelerating increase in wildfires and population 
smoke exposures calls for new priorities and approaches, 
too. Wildfires are becoming chronic, multi-week events, 
as was seen in Australia in 2019 and California in 2020 
[21]. Residents of rural areas in Washington state (USA) 
call the summer wildfire smoke season the “Fifth Sea-
son” “when smoke from wildfires blankets North Cen-
tral Washington for weeks or even months at a time.” 
[70] As outlined in the Hazelwood Mine Fire inquiry, the 
long term adverse effects of exposure to smoke, includ-
ing mental health impacts, are of great concern to the 
community [44]. This parallels studies on emotional dis-
tress brought on by chronic industrial and vehicular air-
pollution. But the only studies that considered chronic 
exposure have been qualitative; longitudinal studies 
particularly of cumulative and chronic exposures are 
required [44, 47, 48, 51].

Finally, we found only one study that addressed com-
munity response to chronic wildfire smoke [21]. Needed 
are studies identifying actions, strategies, and interven-
tions individuals, families and communities use to cope 
with wildfire smoke events such as community gather-
ing spaces, community monitoring, and clean air spaces 
[21]. Participatory research, that engages with at-risk and 
affected communities throughout the research process in 
meaningful ways, is particularly well-suited to identifying 
solutions and interventions. Understanding the media-
tors of mental health effects can be useful to interven-
tion development too. For example, Ho suggests in their 
study of the psychological impact of haze that reducing 
physical symptoms from smoke and addressing its per-
ceived danger through updates, education and regular 
communications may help reduce psychological stress 
[36]. Motterhead similarly found that limited official 
communications about smoke exposure and air quality 
exacerbated mental and emotional health impacts, fur-
ther underscoring the need for updated communications 
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(and community based air quality monitoring) [51]. More 
rapid research conducted during and directly after events 
can address these topics.

Although this paper presents results from a compre-
hensive, transparent, and repeatable scoping review 
process, there are limitations that should be recognized 
when interpreting the findings and considering implica-
tions. First, our review only searched for and therefore 
only includes English language papers. This may have 
influenced our finding papers mainly from the countries 
of the global north. Similarly, only a few studies centered 
the perspectives of Indigenous First Nation communities 
so the results reflect primarily a Western-centric, high-
income country perspective of mental health and well-
being. We set the start date for our search in 1990 due to 
constraints of time and resources for the review. Includ-
ing earlier years in our literature search could add to the 
available data and enrich the results. However, our inclu-
sion of only one paper from the decade 1990 to 2004 sug-
gests that papers before 1990 are unlikely. Any variability 
in the outcomes we found may be influenced by the het-
erogeneity of the populations studied, variability of the 
wildfire smoke exposures, and the range of health out-
comes studied. Also, because we used a scoping review 
process, we did not assess the quality of articles included 
in our review [37]. The qualitative research we reviewed 
provided a contextual exploration of the possible path-
ways, still we recognize that these study findings may not 
be generalizable to all communities.

Conclusion
We provide the first scoping review ever conducted 
examining how wildfire smoke may affect mental health 
and well-being. We identified potential pathways for 
mental health and well-being impacts that exist on 
multiple levels. These pathways that we organized in a 
nested model can guide researchers in their future data 
gathering. They provide a conceptual framework for 
future knowledge synthesis efforts in this topic. Also, 
they may be helpful to public health, community mental 
health, and emergency management practitioners seek-
ing to mitigate the harms of wildfire smoke on mental 
health and well-being. Future studies should focus on 
the chronic, persistent or repeated smoke events. More 
research is required beyond those of richer Northern 
countries and across cultures with different understand-
ings of mental health, available resources, and needs for 
intervention. Well-being and quality of life should also 
be studied as an outcome. This can be addressed best in 
large longitudinal cohort studies that monitor the trajec-
tories and long-term impacts of susceptible populations. 
The data and key findings of this report highlight gaps in 

the literature and suggest areas for theoretical, method-
ological, and empirical advances for wildfire smoke and 
mental health research.
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