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About this RepoRt
The Center for Law, Energy, and Environment (CLEE) developed this scoping report as a 
primer for stakeholders interested in the intersections of wildland fire and public health. The 
report investigates current research on the health impacts of wildfire to review key issues, 
provide an overview of the current policy landscape, and identify recommendations for future 
resilience. It combines an academic and policy literature review with 10 expert interviews, 
synthesizing disparate multi-disciplinary research in order to identify remaining questions and 
inform future efforts at integration. Research has been conducted primarily within California 
and U.S. federal contexts with a view toward transferability to other Mediterranean climates. 
The report is intended to serve as a starting point for future research, policy development, 
and public engagement in building greater health resilience to wildfire.
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Center for Law, Energy and the Environment (CLEE)
The Center for Law, Energy and the Environment (CLEE) channels the expertise and cre-
ativity of the Berkeley Law community into pragmatic policy solutions to environmental and 
energy challenges. CLEE works with government, business, and the nonprofit sector to help 
solve urgent problems requiring innovative, often interdisciplinary approaches. Drawing on the 
combined expertise of faculty, staff, and students across the University of California, Berke-
ley, CLEE strives to translate empirical findings into smart public policy solutions to better 
environmental and energy governance systems.

Climate and Wildfire Institute (CWI)
The Climate & Wildfire Institute (CWI), a 501(c)3 nonprofit organization, connects science 
to public policy and decision-making to accelerate solutions to a fast-changing climate. As a 
boundary organization, we bring communities and cross-sector leaders together, putting sci-
ence into action to build climate and wildfire resilience. Bringing climate and wildfire science 
to policy and decision-makers speeds the implementation of science-based approaches at the 
regional and local levels, a critical component to ensuring solutions are practical and accessible 
to even our more vulnerable communities.
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glossARy oF key FiRe teRminology
• Wildfire: Unplanned, uncontrolled fire in the natural environment.

• Wildland fire: Both planned and unplanned fire that burns in the natural environment.1

• Beneficial fire: A term collectively referring to prescribed fire, cultural fire, and fire for resource 
benefit.2

• Intentional fire: A term collectively referring to prescribed and cultural fire.3

• Prescribed fire: Intentional burning on wildland for land and ecosystem management goals.

• Cultural fire: Intentional burning by Native American Tribes or cultural fire practitioners for subsis-
tence, ceremony, biodiversity, or other cultural intentions.

• Fire for ecological benefit / ecologically beneficial fire: Descriptive terms referring to fire that 
benefits the ecological environment.

• Fire regime: The spatial and temporal pattern by which fires naturally occur in a particular ecosys-
tem over a period of time.4
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executive summARy

Wildfire and resulting smoke have become a constant presence 
in American life. Catastrophic wildfires are fueling a complex and 
extensive public health crisis, including air pollution, harm to social 
systems, and a growing toll on mental health. Public health has 
historically been siloed from land management, posing challenges 
for the current wildland fire policy landscape. Research into the 
varied health burdens of wildfire is nascent, while wildfire incidence is 
increasing sharply: climate models predict wildfires will further triple in 
frequency and severity by 2050.5 

Over 99% of California’s population has lived in a county exposed to chronic smoke 
pollution.6 Wildfire smoke contains particulate matter (PM), carbon monoxide, nitrogen 
oxides, complex hydrocarbons, carbon dioxide, and other irritants associated with a 
multitude of adverse physiological effects and increased mortality.7 Smoke exposure 
is responsible for heightened rates of mental health outcomes including anxiety, de-
pression,8 and PTSD.9 The compound impacts of wildfire-induced air pollution result 
in hundreds of millions of dollars of earnings losses every year.10

The health burdens of wildfire also have stark environmental justice implications. 
Low-income communities without access to adequate air filtration, outdoor workers, 
and populations with existing health conditions are some of the demographics most 
disproportionately affected by a more wildfire-prone climate.11 Children, the elderly, 
and pregnant people are particularly vulnerable to the irritant compounds in wildfire 
smoke.12 As with other natural disasters, the loss of life, property, and employment 
in catastrophic wildfires is most prevalent among already marginalized populations.13

Perhaps counterintuitively, a foundational wildfire mitigation strategy involves more 
burning. There is widespread scientific consensus that the application of regular and 
controlled wildland fire to fire-adapted landscapes thins combustible organic matter 
buildup and lowers the risk of severe wildfire.14 While Indigenous communities histor-
ically engaged in regular burns across the landscape, colonization and ensuing policies 
of fire suppression have resulted in millions of acres of U.S. forest and grassland left 
untreated.15 Warmer climatic conditions and expanding human development in vege-
tated areas further exacerbate high wildfire risk16 and the associated need for scaling 
ecologically beneficial fire.17
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Fire for ecological benefit comes with its own tradeoffs regarding public health. As a 
pollution source itself,18 beneficial fire requires responsible governance to ensure com-
munities are protected and burns are carried out in the safest possible conditions. The 
management, implementation, and public communication around scaling beneficial fire 
remain a key area for future research and policy development.19

The complexity and rapidly evolving nature of the issue poses challenges for policy de-
velopment and implementation. Integration between land management and public health 
considerations in policy development is yet emerging. Siloed agency remits create myriad 
barriers to coordinated policy development in California and federal contexts. Where 
collaborative initiatives exist, challenges remain in streamlining the effective implementa-
tion of health protections across a bureaucratic landscape. These barriers are amplified 
by the ambitious pace of implementation needed to address wildfire risks at scale.

A multi-pronged approach is necessary in building greater health resilience in wildland 
fire management including:

• Utilizing existing policy channels to build capacity in the near term, 
through expanding the wildland fire sector workforce, research capabilities, 
data collection and monitoring, wildfire smoke protection resources, emergency 
response, and wildfire preparedness.

• Integrating broad and siloed policy remits with wildland fire manage-
ment, including air quality regulation, public health policy, fire-safe housing 
stock, employment and labor protections for wildfire events, and climate change 
mitigation, among others.

• Building toward systems-level governance in the long term, by fostering 
innovative policymaking processes across interagency and intersectoral silos, as 
well as supporting multilevel decision-making centering frontline communities.

Coordination channels such as the California Wildfire and Forest Resilience Task Force and 
the federal Wildland Fire Leadership Council are well positioned to facilitate a stronger 
integration of public health considerations in wildland fire policy development. The Task 
Force’s Fire Adapted Communities Roadmap20 and the Wildland Fire Mitigation and Man-
agement Commission’s 2023 Report21 provide valuable recommendations for burgeoning 
intersectoral coordination in wildland fire policy. These and similar collaborative initiatives 
can be supplemented by commissioning further research into the health burdens of 
wildfire and integrating existing research in siloed academic and policy contexts. Policy 
efforts would also be benefited by expanding ongoing efforts to minimize bureaucratic 
barriers to streamlined policy action.

Building lasting public health resilience to wildfire is notably underpinned by restoring 
a balanced societal relationship to wildland fire. Fire as a natural process in healthy 
fire-adapted ecosystems has been largely removed from land management practice, with 
high-risk results and detrimental effects on public health.22 Restoring fire-resilient com-
munities and landscapes will require the responsible scaling of fire for ecological benefit, 
the integration of silos in wildland fire management, and streamlined avenues for effective 
implementation. As the impacts of wildfire are only expected to worsen under current 
climate scenarios, building public health protections into state and federal wildland fire 
policy presents a challenging yet necessary cornerstone of wildfire resilience.
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pRoject Findings

The public health impacts of wildfire are widespread across both the 
physical impacts of wildfire smoke and the psychosocial impacts of 
destructive wildfire. These include the physical risks of PM 2.5 exposure, 
the toxicity of wildfire-specific PM 2.5, the combustion of chemical 
fire retardants, smoke dispersion, the mental health effects of smoke 
exposure, and the social harm of catastrophic wildfires, among others. 
The public health impacts of prescribed fire are an evolving area of 
research and debate, although studies show these to be significantly 
less severe.

Integral coordination bodies such as the California Wildfire and Forest Resilience Task 
Force and the federal Wildland Fire Leadership Council are well placed as vital channels 
for integrating multisectoral collaboration in wildland fire. However, public health is 
still siloed from these bodies and other aspects of wildland fire management, especially 
in federal and international policy contexts.

Recommendations for policymakers: This report identifies the following key ar-
eas for future resilience, with consideration and prioritization throughout of affected 
communities most vulnerable. Responsible for the implementation of these recom-
mendations we expect to be state and federal legislators, air quality regulators, land 
managers, local air districts, non-governmental organizations, private landowners, and 
fire practitioners, among other stakeholders. Future policy research and stakeholder 
convenings are urged to further develop best-placed avenues and mechanisms for 
implementation, facilitated by coordinating entities. Recommendations for policymak-
ers include:

1. Enhancing proactive capacity-building to address wildfire risk in the
near term, through expansions in the wildland fire sector workforce, re-
search capabilities, data collection and monitoring, wildfire smoke protection
resources, emergency response, and wildfire preparedness.

2. Facilitating responsible implementation of ecologically beneficial fire,
through establishing integrated, community-led governance principles, multi-
pronged policy development, public education and outreach, and a consid-
erable expansion of research into the effects of prescribed fire.
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3. Building systems-level resilience in wildland fire and public health,
through facilitating coordinated, streamlined governance structures, developing
integrated air quality regulation frameworks, mitigating climate change, and
incorporating wildland fire safety into broader policy areas such as housing
and occupational protections.
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I. intRoduction

Increasing wildfire severity has created a new and complex public 
health crisis. Wildfire smoke is now a primary contributor to U.S. air 
pollution and associated mortality.23 The health burdens of wildfire 
nevertheless extend far beyond air pollution: the social impacts of 
catastrophic wildfire, the toll on mental health, and the potential risks 
of wildfire mitigation also present adverse health impacts with lasting 
effects. These risks have historically been concentrated in particularly 
wildfire-prone areas; now, as climate change fuels longer and more 
severe wildfire seasons, they are increasingly experienced population-
wide.24

However, the public health impacts of wildfire have so far resulted in limited policy 
integration. Research into the varied public health burdens of wildfire is nascent, and 
the complexity of wildland fire-specific health risks poses challenges for the existing 
policy landscape. This scoping exercise investigates the latest research on the public 
health impacts of wildfire in order to review key issues, identify remaining gaps, and 
propose recommendations for future resilience.

1.1.  SEVERE AND GROWING WILDFIRE RISK

Wildfires are becoming increasingly destructive due to more frequent wildfire incidence, 
as well as consistent growth in wildfire severity, size, and duration over the last 20 
years.25 This is driven by three primary factors: climate change, historical fire suppression 
in U.S. forest management, and the expansion of the wildland-urban interface (WUI),26 
or “the zone of transition between unoccupied land and human development”.27 As a 
result, eight of California’s ten largest wildfires have burned within the last decade.28 
Similarly beyond a U.S. context, wildfires in the European Union burned nearly 2 million 
acres in 2022, about 2.5 times the annual average from 2006-2021.29
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Figure 1 (OECD data). Wildfire incidence in the U.S. in thousands of acres, 1983-202230

Current wildfire risk

Severe wildfires incur well-documented ecological and economic costs. High-severity 
wildfire events cause long-term species and even ecosystem loss31 as well as contrib-
ute sharply to greenhouse gas emissions.32 The 2018 California Camp Fire killed 85 
people, destroyed over 18,000 structures,33 and created $19 billion (inflation-adjusted) 
in damages.34 Today, federal fire suppression costs total over $2.5 billion a year, in 
addition to costs borne by state, local, and Tribal governments.35 The total economic 
cost of wildfire damages nationwide is estimated at “tens to hundreds of billions of 
dollars” annually.36

Increased attention is now being brought to the social costs of wildfire to human 
health. Between 2007 and 2018, 99.5% of California’s population lived in a county 
with at minimum one smoke wave, or chronic smoke event.37 Today, according to a 
Stanford University study, wildfire-specific PM2.5 pollution has increased to the extent 
that it has reversed multi-decadal progress in U.S. air quality made under the Clean 
Air Act.38 The health costs of wildfire also notably exacerbate social inequalities by 
most severely impacting populations least able to protect themselves from wildfire 
and resulting smoke.

Projected future risk under current climate scenarios

While fire is natural and healthy in fire-adapted landscapes, research shows that an-
thropogenic climate change contributed to a +172% increase in the area burned in 
California between 1971 and 2021, and a +320% increase between 1996 and 2021.39 A 
warming climate lengthens the wildfire season, increases temperatures, and decreases 
soil and plant moisture, leading to increased fuel, or dry organic matter buildup.40 
Warmer climatic conditions such as high temperatures and high winds also often 
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increase wildfire severity and area burned.41 Periods with the largest area 
burned have coincided with the warmest years on record in the U.S.,42 and 
these trends are expected to continue.

Modeling shows that an average annual temperature increase of 1°°C (1.8°°F) 
will increase the median area burned by wildfire annually by up to 600%.43The 
Fourth U.S. National Climate Assessment predicts that climate change will 
result in a tripling in the amount of large wildfires by 2050,44 and research 
accordingly projects that over 82 million people will be impacted by smoke 
waves by mid-century.45

Building public health resilience to wildfire

The California Climate Adaptation Strategy defines resilience as “a state of 
readiness to face climate risks”.46 Various efforts have been made to build 
public resilience to wildfire, most notably including public information about 
smoke and fuel management strategies to decrease wildfire risk. The California 
Air Resources Board engages in extensive communication campaigns sharing 
smoke precaution mechanisms with wildland fire-affected communities.47 Land 
management strategies to mitigate wildfire risk have also been significantly 
increased on state and federal levels.

Efforts are notably underway to coordinate siloed stakeholders in wildland 
fire management and public health. The California Wildfire and Forest Resil-
ience Task Force integrates multi-stakeholder efforts at the state level,48 and 
multiple coordinating entities have issued meaningful recommendations for 
interagency wildfire resilience on the federal level.49

However, the complexity of public health impacts poses significant challenges 
for the policy landscape, and many effects are yet unknown. This scoping ex-
ercise investigates the latest research on the public health impacts of wildland 
fire in order to identify remaining gaps and propose recommendations for 
greater health resilience.

1.2. SCOPING REPORT DESIGN

The report investigates the following research questions:

1. What are the key public health impacts of wildfire?

2. How does the current policy landscape in California and the United 
States address the public health impacts of wildfire?

3. How could wildland fire policy and management more effectively 
and equitably build health resilience to wildfire?
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Scope of project

This scoping report was informed by a literature review of academic and policy work 
across the intersections of wildland fire and public health, as well as 10 interviews 
with scientists and policymakers in the U.S. It also builds on a Climate and Wildfire 
Institute brief detailing a stakeholder convening in October 2023.50 While the bulk of 
this exercise focuses on the California and U.S. context, some international examples 
are included. We hope this initial primer will serve as a starting point for further 
research, discussion, and policy development in wildfire management from the per-
spective of public health.

This project is an introductory scoping exercise, serving as a synthesizing 
overview of relevant disciplinary research and policy action. The report is neither 
prescriptive nor comprehensive, but is intended to facilitate further research and sup-
port collaboration in a multidisciplinary space. Examples presented are representative 
of fields addressed, while not exhaustive. Recommendations presented are primarily 
synthesized from interview findings and supplemented with policy-facing literature.
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II. public heAlth impActs oF
wildlAnd FiRe

Severe wildfires generate significant acute and chronic harm to both 
physical and psychosocial determinants of health. These impacts are 
both concentrated in wildfire-affected communities and increasingly 
dispersed across the U.S. population. While the impacts of wildfire 
smoke feature throughout this section, we focus first on the physical 
impacts of smoke pollution, followed by the psychosocial impacts of 
catastrophic wildfire.

2.1. PUBLIC HEALTH IMPACTS OF WILDFIRE

2.1.1. Physical impacts of wildfire smoke-induced air pollution

The primary physical health risk from wildfire is smoke-induced air pollution. Wildfire 
smoke contains thousands of compounds, including particulate matter (PM), carbon 
dioxide, carbon monoxide, nitrogen oxides, complex hydrocarbons, and irritant gases.51 
These compounds cause varying levels of damage to human health depending on the 
material burned and its interaction with chemical compounds in the atmosphere.52 

PM2.5 exposure

The majority of epidemiological research on wildfire smoke has concentrated on its 
emission of PM2.5, or particulate matter smaller than 2.5 micrometers in diameter, 
which can easily lodge in the lungs and enter the bloodstream.53 Even brief PM2.5 
exposure has been shown to cause spikes in asthma, respiratory symptoms, 
allergic reactions, strokes, heart attacks, and general hospitalization.54 Its health 
effects are not limited to acute wildfire events, however: PM2.5 exposure has been 
linked to lasting damage to the heart, lungs, liver, kidneys, and the immune system.55 
A Harvard University study showed that a minor increase in PM2.5 exposure correlat-
ed to an 8% increase in Covid-19 related mortality,56 while other recent research has 
shown a correlation between wildfire-associated PM2.5 exposure and the incidence of 
tuberculosis.57 Smoke pollution exposure is associated with preterm birth and elevated 
measures of risk if experienced at any point of pregnancy.58

1 9  c e n t e R  F o R  l Aw,  e n e R g y  &  t h e  e n v i R o n m e n t



Over the long term, PM2.5 exposure has been linked to the exacerbation of Alzhei-
mer’s disease and related dementias,59 as well as increases in average mortality.60 The 
World Health Organization (WHO) estimates that PM2.5 exposure results in 
7 million premature deaths globally per year.61

Spikes in PM2.5 exposure from wildfire smoke are becoming increasingly chronic. Re-
search has quantified the contribution of wildfire smoke to ambient PM2.5 exposure 
in the U.S., showing a 25% average erosion in air quality progress due to increasing 
wildfire pollution, rising to over 50% across most of the western U.S.62

Toxicity of wildfire-specific PM2.5

New research is showing that wildland fire-specific PM2.5 interacts differently with the 
human body than other types of PM2.5 from pollution sources such as vehicular and 
industrial emissions.63 A UC San Diego study found wildfire-specific PM2.5 to 
be about 10 times more harmful to children’s respiratory health than ambi-
ent PM2.5 pollution.64 These impacts are attributed to smoke composition: organic 
matter (such as the wood and forest biomass combusted in wildfires) has high oxida-
tive potential, which is linked to higher levels of inflammation in the body than that 
caused by other air pollutants.65 Higher levels of inflammation exacerbate the existing 
respiratory and immunological effects of PM2.5 exposure.66 Research is continuing into 
the differential impacts of wildland fire-specific PM2.5 on human health.67

Residential and industrial combustion

As wildfires increasingly affect the wildland-urban interface (WUI), the organic 
composition of combusted material is often accompanied by burning residential 
or industrial infrastructure.68 The combustion of residential insulation, appliances, 
electronics, cars, paints, pesticides, and other materials can release asbestos, heavy 
metals, and other chemically hazardous substances into wildfire smoke and the water 
supply.69 While this chemical pollution is usually more localized to the area burned, 
its adverse health impacts on firefighters and local communities is of concern.70 Re-
search into the specific health effects of burning infrastructure on wildfire-affected 
populations is currently underway.71

Chemical fire retardants

In order to meet state flammability standards, many household and consumer products 
such as mattresses, car interiors, electronics, and carpets are coated in flame retardant 
chemicals.72 Despite their success in slowing point-source ignition, fire retar-
dants’ chemical composition has been shown to significantly increase smoke 
toxicity upon combustion. Polybrominated diphenyl ethers (PBDEs), a common 
group of fire retardants, have been linked to neurological, reproductive, and cognitive 
harm, as well as cancer incidence in multiple studies.73 Halogenated fire retardants 
increase the emission of carbon monoxide, hydrogen chloride, and other tox-
ic gases, which are responsible for more fire deaths than combustion itself. 
The detrimental health effects of fire retardants have been most documented among 
firefighters, who experience elevated rates of chemical exposure-related cancers — up 
to six times the national average.74 Fire retardant chemicals can also adversely impact 
public health outside of fire events: PBDE blood levels in Californians have been found 
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to be twice the U.S. average, and PBDE levels in California household dust were 200 
times higher than those in the European Union.75

Smoke dispersion

The dry, windy, and hot weather conditions that drive wildfires also facilitate smoke 
dispersion high into the atmosphere and over large geographic distances. The inter-
action of smoke particles with atmospheric conditions can alter their chem-
ical composition, exacerbating health impacts on downwind populations.76 
Increases in smoke particle toxicity through oxidation in the atmosphere is a key 
area for future research.77 The National Oceanic and Atmospheric Association has 
cataloged wildfire smoke’s outsized contribution to the creation of ozone pollution, 
and is continuing research into the complex properties of smoke dispersion and their 
cross-populational impact.78

Distributional impacts of wildfire smoke

The health risks of wildfire smoke-induced air pollution follow different distributional 
patterns than those from other sources of ambient air pollution.79 Contrary to other 
sources of PM2.5 typically concentrated around industrial or vehicular emissions cor-
ridors, wildfire smoke disperses widely and affects a much higher proportion of the 
U.S. population.80 When analyzed on a census tract level, the highest increases 
in PM2.5 exposure between 2006 and 2020 have been observed in higher-in-
come and Hispanic populations.81 Exposure among Black populations has decreased 
over time,82 but exposure in Tribal populations has remained by far the highest of all 
demographic groups.83

Beyond broader demographic distribution patterns, wildfire smoke exposure exacerbates 
structural determinants of health by most harming already-marginalized populations. 
Those most vulnerable to increases in air pollution include children, the elderly, 
the disabled, pregnant people, those with chronic health conditions, outdoor 
workers, firefighters, Indigenous populations, undocumented populations,84 
incarcerated populations, and unhoused populations.85

Mediating effects of behavioral responses to wildfire smoke exposure

It is important to note that the physical health impacts of wildfire smoke are differ-
entially experienced depending on the ability to afford private measures of protec-
tion. Access to protective measures such as air filtration, adequate insulation, 
and ventilated spaces has the potential to mediate the distributional impacts 
outlined above. Research by a team at Stanford University found that behavioral 
responses to smoke exposure, such as Google searches for air filters, were effectively 
predicted by higher socioeconomic status.86

Another study found that medical care-seeking behavior was also impacted by smoke 
concentration.87 Emergency department visits during low and moderate smoke days in 
the study were higher than normal, but declined significantly during extreme smoke 
days. The starkest declines in seeking medical care were observed for non-respirato-
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ry symptoms and injuries, as well as for less-insured populations. This mediation of 
behavioral responses on the health effects of wildfire adds an element of complexity 
in epidemiological research on smoke, which often measures emergency department 
visits as a metric of exposure severity.

Economic costs of wildfire smoke exposure

These health impacts translate to direct economic costs of wildfire smoke 
exposure. Wildfire smoke reduced earnings in the U.S. by $125 billion a year (in 2018 
dollars) on average between 2007 and 2019.88 Earnings reductions were seen across 
manufacturing, utilities, crop production, health care, and transportation sectors, and 
were primarily linked to declines in labor force participation. 

2.1.2. Psychosocial health impacts of wildfire

In addition to the physical health impacts of smoke-induced air pollution, wildfires 
generate considerable adverse psychosocial effects. Similarly to smoke exposure, 
these are experienced acutely during catastrophic wildfires, over the long term, and 
increasingly by populations not directly affected by the wildfire itself. The dispersed 
and concentrated impacts of wildfires on wellbeing and mental health are detailed in 
the following sections. Societal impacts such as housing loss and displacement are 
included due to direct links to negative mental health impacts of catastrophic wildfire.

Dispersed societal health impacts

Wildfires generate dispersed adverse societal impacts in two primary categories be-
sides smoke exposure: exacerbating climate change and disrupting power availability. 
Wildfires are a significant source of greenhouse gas emissions even as they 
are driven in large part by climate change.89 Severe fire events produce large 
amounts of carbon dioxide as well as ozone, the third most potent greenhouse gas.90 
Higher greenhouse gas emissions fuel future wildfire incidence and exacerbate the 
broader societal impacts of climate change, such as further air quality deterioration 
and disease incidence.91

Wildfires are also notable for disrupting regional power availability. As electric power 
lines have sparked multiple of California’s most destructive fires, preemptive power 
shutoffs are often employed as a wildfire mitigation measure during high-risk weather 
events.92 In 2019, power shutoffs were implemented by California utilities on 27 separate 
days, some lasting over five days in duration.93 While they successfully mitigate 
wildfire incidence, protective power shutoffs also result in a range of public 
health risks, most notably on populations relying on electricity to power at-home 
medical equipment.94 Other impacts include the loss of refrigeration of medicines, 
food, and other essential supplies, the loss of electric waste disposal and clean water 
supply mechanisms, as well as the loss of lighting, especially for populations with 
disabilities and the elderly.95 Public safety power shutoffs also impact communication 
infrastructure, limiting residents’ ability to go about their daily lives, call for emergency 
services, or receive evacuation notifications if needed.
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Dispersed mental health impacts

While the links between severe wildfire incidence and population-wide harm to mental 
health are still an emerging area of academic research, physicians have noted links 
between increasing rates of natural disasters and climate distress.96 These ex-
periences can be exacerbated during wildfire events by media coverage fueling ongoing 
anxiety and vigilance,97 as well as by the destruction of meaningful natural landscapes 
or towns.98

Dispersed mental health impacts worsen with proximity to wildfires. A study of Australian 
residents from the 2019-2020 bushfire season found that 45.3% of survey respondents 
reported anxiety with smoke exposure, while 21.4% reported depressive symptoms 
from smoke exposure.99 Children and adolescents exposed to chronic smoke scored 
considerably higher on an Australian mental health screening predicting psychiatric 
diagnoses.100 Another study found negative smoke-associated mental health impacts 
in Washington state, including heightened depression, anxiety, and isolating behavior, 
increasing with lower income levels and pre-existing health conditions.101 Air pollution 
from wildfire smoke has also been linked to higher rates of suicide, disproportionately 
experienced among rural populations.102 Mental health impacts of severe wildfire 
are a key area for future research given the well-documented links between 
air pollution and adverse outcomes including anxiety, depression, suicide, 
and psychological distress.103

For those who had previously experienced wildfire-associated harm, repeated smoke 
exposure was associated with heightened anxiety and the resurgence of PTSD.104

Concentrated societal health impacts

Catastrophic societal impacts are most strongly observed in the area burned, most 
notably through the destruction of essential infrastructure and the displacement of 
people from their homes. Wildfires can directly cause the loss of power infra-
structure in two primary ways: by burning power lines and other electrical 
infrastructure, and by resulting in soaring emergency electricity use, over-
loading the electrical grid.105

The starkest concentrated losses and lasting psychological effects in wildfire-affected 
communities are due to the loss of housing and health infrastructure.106 Displace-
ment due to the lack of safe and consistent shelter is responsible for high 
emotional stress, including causing deaths post-fire.107 The destruction of com-
munities results in property loss, employment loss, and the increased incidence of 
poverty and homelessness.108 In line with literature on the effects of other natural 
disasters such as hurricanes, floods, or tornadoes, these impacts disproportionately 
harm those most vulnerable.

Concentrated mental health impacts

The direct societal impacts of wildfires cause extensive detrimental mental health risks 
similar to other disasters. These include high rates of anxiety, depression, PTSD, and 
higher rates of suicide.109 The Camp Fire in 2018, California’s deadliest wildfire on record, 
left thousands of Paradise residents houseless and forced the closure of a community 
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hospital, generating “community-wide posttraumatic stress”.110 Those who survived 
reported widespread distress, grief, and trauma lasting well after wildfire subsided.

People forced to evacuate due to catastrophic fire report multiple types of 
mental health issues, including anxiety, depression, changes to appetite, and 
post-traumatic stress.111 Unemployment from wildfire destruction and its resulting 
economic instability is responsible for increased levels of depression and anxiety.112 
The links between poverty and adverse mental health are well established.

Severe wildfires leave lasting mental health impacts on affected communities for years 
into the future. Mental health conditions such as depression and PTSD often do 
not set in until six to 18 months after the disaster, when emergency services 
usually no longer provide community care.113 Rates of intercommunity violence 
and abuse have also been shown to rise after the incidence of fire disasters, linked to 
the increased societal stress of housing loss and unemployment. These include higher 
rates of domestic violence, sexual abuse, child abuse, and substance abuse.

Conclusions on the public health impacts of wildfire

Wildfires generate different variations of adverse health impacts in cases of acute, 
chronic, dispersed, and concentrated exposure. The public health crisis associated 
with severe wildfire creates two primary dimensions of public health burdens: 
the population-wide impacts of chronic smoke exposure and the unequal dis-
tributional effects of wildfires on public health. These are both projected 
to increase with the growing severity, frequency, and size of catastrophic 
wildfires in the coming decades.

Smoke exposure and wildfire preparation have become constant aspects of life in the 
western U.S., with harmful physical and psychosocial effects on population-wide public 
health. Toxic and pervasive air pollution, exacerbated climate change, power shutoffs, 
and the mental health effects of a burning environment present dispersed public health 
burdens across jurisdictional boundaries and societal demographics.

However, social protections from wildfires are slim and primarily dependent on 
the private provision of protective measures such as indoor filtration, creating 
distributional effects that exacerbate existing social inequalities. Low-income 
communities, outdoor workers, and other marginalized populations are dispropor-
tionately impacted both by smoke exposure and by the destruction of communities 
to catastrophic wildfire. Children, the elderly, and pregnant people in all populations 
are notably vulnerable to wildfire harm.

Historical land management and fire suppression leading to fuel buildup, development 
in the WUI, and climate change are driving increasingly destructive wildfires in U.S. 
forests and grasslands. The physical and psychosocial health impacts of severe wildfire 
are stark, including the long-lasting toll of air pollution, the destruction of infrastruc-
ture, displacement, and mental and emotional trauma.

There is a suite of available actions taken currently and recommended in the future 
to build health resilience to wildfire, detailed in later sections. However, a primary 
wildfire mitigation strategy involves deploying ecologically beneficial fire to reduce 
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organic matter buildup (combustible fuel) and lower the risk of severe wildfire. In-
tentional fire (prescribed and cultural burning) introduces complexity to the 
existing wildland fire policy landscape, deliberately increasing emissions and 
pollution metrics in order to decrease the risk of severe emissions and harm 
in the future. As beneficial burning can also generate public health impacts, emerging 
research and the management of these are discussed below.

2.2 PUBLIC HEALTH IMPACTS OF FIRE FOR ECOLOGICAL BENEFIT

2.2.1 Fire for ecological benefit

A significant contributing factor in the proliferation of severe wildfires has been a 
historical paradigm of fire suppression. Fire-adapted ecosystems, of which Cali-
fornia forests are a key example, require periodic fire intervals to maintain 
healthy ecosystem function.114 This includes thinning the dry organic material that 
serves as fire fuel. As a result, an essential wildfire mitigation strategy involves the 
application of fire for ecological benefit in line with local fire regimes.115 There is 
widespread scientific consensus that the application of ecologically beneficial fire over 
time decreases the risk of catastrophic wildfire.116

Before colonization in the Americas, Indigenous communities regularly engaged 
in cultural fire for purposes of ceremony, environmental health, cultural foods, 
and spiritual connection.117 However, the forcible removal of Native Americans from 
their ancestral lands, and laws prohibiting cultural fire by settler populations, began a 
land management era of fire elimination that continues to this day.118 Restoring natural 
wildland fire patterns following centuries’ worth of fire suppression in the U.S. poses 
a foundational challenge in present-day land management.

Land managers have increasingly rallied around returning “good fire” to American for-
ests.119 The California Department of Forestry and Fire Protection (CAL FIRE) and the 
U.S Forest Service (USFS) have both committed to burning 500,000 acres a year by 
2025, or up to one million acres annually.120 However, ecologically beneficial fire does 
not come without its own public health risks. It is also a source of smoke, increasing 
greenhouse gas emissions and air pollution levels in surrounding communities. This 
generates necessary tradeoffs for air quality regulatory agencies in the realm of wild-
land fire management. Experts interviewed in this project agreed that scaling 
fire for ecological benefit is an urgent priority; however, specific management 
questions around the amount burned, optimal fuel conditions, and the timing 
of ecologically beneficial burns remain an evolving area of policy and research.

The state of California identifies three primary types of beneficial fire: prescribed fire, 
cultural fire, and fire for resource benefit. This scoping exercise primarily focuses on 
considerations around prescribed fire.

2.2.2 Prescribed fire

While a source of smoke-induced air pollution, prescribed fire is highly con-
trolled and therefore generates a different landscape of public health impacts 
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from wildfire. Prescribed fire smoke emits lower levels of PM2.5 to comply 
with air quality standards; however, prescribed burns occur chronically over longer 
periods of time. Prescribed fire smoke also does not include the toxic additives of 
industrial or residential combustion or the high levels of smoke dispersion associated 
with wildfires.

Decreased health risk landscape compared to wildfire

The U.S. Environmental Protection Agency (EPA), in collaboration with the U.S. Forest 
Service, the Department of the Interior (DOI), and the National Institute of Standards 
and Technology (NIST), were tasked by the Wildland Fire Leadership Council to com-
pare the public health impacts of wildfire and prescribed fire smoke in 2021.121 The 
resulting report found, based on two case studies, that prescribed fire is associated 
with strongly decreased health risks compared to wildfire smoke. Other recent re-
search has also found that when controlled for compliance with air quality standards, 
prescribed fires do not cause significant changes in ambient air pollution levels.122 The 
California Air Resources Board (CARB) has found that prescribed fire smoke carries 
less toxins, such as chrome, lead, and other heavy metals, than wildfire.123

Presence of notable health concerns

However, multiple studies have measured concerning increases in PM2.5 concentrations 
during prescribed burns of varying severity.124 One study found that areas with high 
current and expected levels of prescribed fire are in communities that experience 25% 
higher social vulnerability than the state average.125 The researchers identified that 
prescribed burning in the state of Georgia was associated with a number of mortality 
cases related to smoke pollution, and that its health impacts were primarily experienced 
in areas with lower socioeconomic status. Detrimental health impacts have also been 
identified from prescribed burns with PM concentrations well within air quality stan-
dards: Halkerwal et al. note that “there is no known safe level of pollutant exposure 
below which adverse health impacts are not observed.”126

Smoke monitoring and management

Smoke management data capabilities are currently under expansion in multiple countries 
to minimize the public health impacts of prescribed fire.127 These include air quality 
assessment tools such as the Base Line Air Network (BLANkET), used widely in Aus-
tralia, which contains 19 monitors that measure real-time PM2.5 concentrations during 
prescribed burns.128 They also include the Interagency Real Time Smoke Monitoring 
program (AIRSIS), used by the U.S. Forest Service to monitor smoke concentrations 
from portable smoke monitors. Remote sensing tools and air quality models offer 
other alternatives, although the health impacts of prescribed burns are challenging 
to monitor as they often take place in rural areas without robust monitoring infra-
structure and lower population density.

Ongoing research

The California Air Resources Board (CARB) is investigating the differential air quality 
impacts from wildfires and prescribed fires on urban population centers in California 
to inform state policy analysis on tradeoffs surrounding increasing the scope of pre-
scribed fire.129 The California Department of Public Health (CDPH) is also researching 
the expected health impacts of scaling prescribed fire.130
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Academic research is underway at the Stanford Law and Policy Lab evaluating the costs 
and benefits of California’s rapid scaleup of prescribed fire by modeling the health 
impacts of prescribed burns.131 Initial results show differential impacts of prescribed 
fire depending on fuel conditions, location, intensity, and timing of the fire, identifying 
a need for future research and effective governance in prescribed fire. Other aca-
demic and policy research is continuing into the comparative health effects 
of wildfire and prescribed fire smoke.132 Robust cost-benefit and health impacts 
analyses of wildfire under different prescribed burning scenarios were identified as 
key areas for future work by multiple interviewees.133

The role of public education

The California Department of Forestry and Fire Prevention (CAL FIRE)’s Forest Health 
Research Program organized listening sessions with communities affected by prescribed 
fire in El Dorado and Nevada Counties in order to better understand community im-
pacts of prescribed burns.134 Participants expressed strong support for the expansion 
of prescribed fire efforts as a key mechanism in mitigating the risk of catastrophic 
wildfire. However, residents emphasized that prescribed burns must be managed safely 
and with adequate community education.

Public education is a key component in scaling prescribed fire efforts, as many 
communities impacted by prescribed fire smoke have also been harmed by 
wildfire.135 Especially as the rates of ecologically beneficial fire increase, providing 
real-time information to local air districts and communities about whether smoke is 
issuing from wildfires or beneficial burns is crucial.136 Effective and consistent com-
munication about burn planning, community protection initiatives, and mechanisms 
for ensuring public safety have been identified as priorities for stakeholders planning 
prescribed burns.

Conclusions on the public health impacts of beneficial fire

There are complex tradeoffs involved with a primary wildfire mitigation strat-
egy comprising more burning, in terms of effective policy implementation, 
equity, and societal acceptance. However, fire patterns are natural and necessary 
to healthy forest ecosystems. Over a century of fire suppression, growing develop-
ment in the WUI, and increasing climate change have created a particularly high-risk 
landscape for wildfire and a strong associated need for ecologically beneficial burns.137 
A leading challenge for wildland fire policy and management today involves restoring 
a balanced and resilient societal relationship with fire that centers the protection of 
frontline communities. Community engagement, public education, expansions in re-
search and monitoring capabilities, and effective, equity-minded governance around 
ecologically beneficial fire are key recommendations for next steps detailed in later 
sections. An overview of the current policy landscape in wildland fire and public health 
is provided below.
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III. cuRRent policy lAndscApe in
wildlAnd FiRe And public 
heAlth

Policy measures addressing the public health impacts of wildland 
fire have historically been siloed among different agencies on state 
and federal levels. The increasing severity of wildfire-induced air 
pollution, as well as its transdisciplinary and transboundary nature, 
have highlighted the need for policy integration. Notable efforts are 
emerging accordingly to strengthen interagency and interjurisdictional 
collaboration on state, federal, and international levels. However, 
integration between wildland fire management and the field of public 
health specifically is yet nascent; and, where collaborative mechanisms 
are strong, challenges remain in streamlining effective public health 
protections across a bureaucratic landscape.

The rapidly evolving nature of this issue has also raised new policy questions. There is 
now policy consensus on the need to facilitate higher rates of beneficial fire.138 How-
ever, research into the optimal conditions for carrying out prescribed burns with the 
lowest public health impact is still underway.139 Furthermore, air quality regulation 
has historically classified wildfires as a natural source of particulate matter 
outside the scope of regulatory processes. Ecologically beneficial fire, on 
the other hand, is usually treated as an anthropogenic emission source and 
regulated accordingly, posing barriers to its deployment at scale.

Wildfires’ impact on public health presents a unique combination of acute and chronic 
policy challenges. This requires efficient utilization of the existing policy landscape to 
protect public health in the short term, while also facilitating dialogue about building 
systems-level resilience as wildfire incidence increases over the long-term. A repre-
sentative, but not exhaustive, list of stakeholders and initiatives active in the current 
policy landscape is described in the following sections.

3.1.  CALIFORNIA POLICY LANDSCAPE

The California policy landscape is characterized by many disparate efforts 
to address the intersection of wildland fire and public health, but “no clear 
lead” on this issue at the state level.140
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Agency landscape

The primary state agencies working across wildland fire and public health 
policy include the following:

• The California Department of Forestry and Fire Protection (CAL FIRE), 
within the Natural Resources Agency (CNRA)

• The California Air Resources Board (CARB)

• The California Department of Public Health (CDPH), within the Health 
and Human Services Agency (CalHHS), and

• The California Environmental Protection Agency (CalEPA).

The policy landscape also importantly includes the 35 local air districts responsible for 
“regional air quality planning, monitoring, and stationary source and facility permit-
ting.”141 The air districts are key stakeholders in permitting prescribed burns alongside 
other land management strategies. In order to conduct a prescribed burn, a burner 
must register a smoke management plan with the air district, obtain a burn permit, 
and secure the air district’s approval, including an assessment of the air quality and 
fuel conditions of the burn.142

California Air Resources Board initiatives

The California Air Resources Board (CARB) engages in close coordination with CAL 
FIRE, the U.S. Forest Service, and local air districts on smoke management for pre-
scribed fire events.143 Agency priorities for building health resilience to wildfire include 
the following:

• Mitigating climate changea, with an updated path to net zero emis-
sions laid out in the 2022 Scoping Plan.144

• Working with land managers to increase the scale of prescribed fire 
treatments up to the 400,000 acre target by 2045.145

• Streamlining the bureaucratic process associated with scaling pre-
scribed fire, including streamlining the permitting process and align-
ing incentives for agencies to engage in more prescribed burning.146

• Public protection and resilience initiatives for smoke-induced air 
pollution from both wildfire and prescribed fire smoke.147

Considerable attention is being brought to investigating the differential impacts of 
smoke pollution from wildfire and prescribed fire events under different fuel condi-
tions.148 Interviewees emphasized the importance of further research in order to scale 
prescribed fire in the safest manner possible.

a CARB’s 2022 Scoping Plan lays out a path toward net zero emissions that does not include 
wildfire, although climate change mitigation is a key pathway to decreasing severe wildfire risk.
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Notably, smoke protection initiatives have the dual benefit of building community 
resilience to air pollution from both wildfire and prescribed fire smoke.149 These in-
clude upgrades to HVAC systems in schools and other public buildings, the California 
Smoke Spotter app, and a soon incoming map of Clean Air Centers across the state 
on the CARB website.

California Governor’s Wildfire and Forest Resilience Task Force

In line with sweeping investments in climate resilience in the 2020 and 2021 state 
budgets, the California Wildfire and Forest Resilience Task Force was created by Gov-
ernor Gavin Newsom in 2021.150 The Task Force collaborates across land managers, 
policymakers, air quality specialists, Tribal governments, private stakeholders, non-gov-
ernmental organizations, and local communities to integrate wildfire resilience efforts 
across the state. 

Key Task Force workflows include:

• Convening interagency teams on wildfire resilience strategy devel-
opment and implementation.151

• Coordinating enhanced data capabilities, developing metrics and sys-
tems to support strategic priorities.152

Through these mechanisms, the Task Force has published influential work coordinating 
and streamlining wildland fire resilience strategy at the state level. This includes the 
2021 Resilience Action Plan, creating a comprehensive framework for scaling up forest 
management,153 the Strategic Plan for Expanding the Use of Beneficial Fire, supporting 
ambitious beneficial burning targets of up to 400,000 acres annually by 2025,154 and 
the upcoming Fire-Adapted Communities Roadmap, providing a strategy for building 
community resilience.155

The Task Force has not yet done specific work on smoke and public health impacts, 
although it is interested in integrating public health into both proactive priority set-
ting activities and retroactive reporting mechanisms.156 The Fire-Adapted Communities 
roadmap addresses public health through issuing valuable recommendations referred 
to in the following section.157 As the Task Force is the primary interagency col-
laboration channel in the state policy landscape,158 it is well-placed to further 
facilitate and lead efforts integrating public health considerations into wild-
land fire management.

Other coordinating channels

Other coordinating bodies also present potential avenues for further stakeholder col-
laboration. The Interagency Air and Smoke Council, convened by CARB, brings together 
air and land managers addressing issues at the intersection of wildland fire and public 
health.159 The Interagency Smoke Communications Working Group grew out of the 
Air and Smoke Council to specifically coordinate outreach and public engagement 
around smoke pollution from wildfire and prescribed fire.160 While not a state entity, 
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the California Council on Science and Technology plays a leading role in conducting 
research and facilitating policymaker convenings on the health impacts of wildfire.161

State legislation

State legislation has also increasingly addressed the risk of severe wildfires and regu-
latory barriers to scaling prescribed fire. A representative, but not exhaustive, list of 
relevant legislation includes the following: 

• SB 945 (Alvarado-Gil, 2024), requiring CDPH, CAL FIRE, CARB, and the Wild-
fire and Forest Resilience Task Force to create and maintain an integrated 
wildfire smoke and health data platform;162

• SB 926 (Dodd, 2022), providing state liability protection for potential losses 
from prescribed fire; 163

• AB 642 (Friedman, 2021), facilitating greater support and training for pre-
scribed and cultural fire;164 and 

• SB 901 (Dodd, 2018), allocating an additional $1 billion from the Greenhouse 
Gas Reduction Fund to fire prevention and recovery.165 

Collaboration with federal stakeholders

As a large part of land in California is federally owned, state stakeholders collaborate 
extensively with federal stakeholders on wildland fire management. The Good Neighbor 
Authority166 enabled the U.S. Forest Service to enter into collaborations of up to 10 
years with state forestry agencies to strengthen forest restoration and management 
capabilities,167 and the Agreement for the Shared Stewardship of California’s Forests 
and Rangelands called for proactive and coordinated vegetation management of 1 
million acres annually by 2025.168

Collaborative efforts are underway to streamline utilization of the U.S. Environmental 
Protection Agency’s Exceptional Events process, described in the next section, to 
scale prescribed burning.169 ARB is notably working with local air districts on guidance 
and tools to minimize the “bureaucratic friction” associated with federal air quality 
regulation of prescribed fire smoke.170

3.2. FEDERAL POLICY LANDSCAPE

The federal policy landscape is still characterized by silos between disparate agency 
remits on wildland fire and public health, although notable efforts at coordination 
have emerged due to the severity of the crisis. Similarly to the California context, no 
clear lead has been identified on the issue.
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Agency landscape

The primary federal agencies and entities working on wildland fire policy and man-
agement are listed in the table below, alongside their temporal roles in wildland fire 
governance. These also include the U.S. Environmental Protection Agency (EPA), re-
sponsible for air quality regulation and standards.

AGENCY RISK ASSESSMENT & 
COMMUNICATIONS PREVENTION PREPAREDNESS & 

RESPONSE
POST-FRE  
RECOVERY

Department of Agriculture 
& US Forest Service X X X X

Department of Defense X X X

Department of the Interior X X X X

Federal Emergency 
Management Agency X X X

US Fire Administration X X

National Interagency Fire 
Center X X X X

National Oceanographic 
And Atmospheric 
Administration

X X X

Figure 2. Key federal entities and agencies’ roles in wildfire policy and management (OECD data)171

U.S. Forest Service (USFS) Strategy: Confronting the Wildfire Crisis

In 2022, the U.S. Forest Service announced a 10-year strategy called “Con-
fronting the Wildfire Crisis: A Strategy for Protecting Communities and Im-
proving Resilience in America’s Forests”.172 The Strategy works across states, 
Tribal governments, and a wide range of other stakeholders to rapidly scale up forest 
management, protect communities, and facilitate greater wildfire resilience.173 National 
targets include treating up to 20 million additional acres on National Forest System 
land and 30 million acres of other federal, Tribal, state, and private land.174 The Strategy 
has generated historic investments in fire resilience, expected to generate 300,000 
to 575,000 jobs. The U.S. Forest Service has also used Strategy funding to conduct 
publicly available research on the highest-risk firesheds across the country, seen below.

At the time of writing, public health was not notably addressed by the Strategy. How-
ever, the U.S. Forest Service collaborates with EPA on the AirNow Fire and Smoke Map, 
providing public information on health protection from wildfire smoke.175
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Figure 3. High-risk firesheds identified by the U.S. Forest Service176

Environmental Protection Agency (EPA)’s air quality regulation and wildland fire

Although there is no wildland fire program at EPA, the agency is becoming 
increasingly active in research, communications, and policy development on 
the public health impacts of wildland fire.177

PM2.5 from wildfire pollution is not regulated by EPA’s air quality standards, as it is 
categorized by states as an Exceptional Event alongside volcanic activity, high wind 
dust storms, and other natural pollution sources.178 However, the effective contribu-
tion of wildfire to ambient PM2.5 levels in the U.S. has been recently quantified to be 
between 25% to over 50% in much of the western U.S., and increasing under current 
climate change scenarios.179

Notably, prescribed fire smoke can also be categorized by EPA as an Exceptional Event 
outside of the scope of ambient air quality regulation.180 However, the approval process 
for EPA categorization of prescribed burns as Exceptional Events poses bureaucratic 
barriers to states classifying it as such in practice.181 This has been exacerbated by 

HIGH-RISK FIRESHEDS

nHigh Risk Firesheds 
nNational Forest System Landsheds
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the release of EPA’s new National Ambient Air Quality Standards (NAAQS) decreasing 
from 12.0PM to 9.0 PM in February 2024.182

EPA has issued guidance and held workshops for stakeholders engaging in prescribed 
burns in navigating the approval process,183 as well as engaged in considerable effort to 
streamline the process to make approvals more efficient.184 Technical tools such as 
AI assistance in categorizing smoke plumes have been identified as potential 
solutions to quicker progression and approval through the process.185 Utilization 
of the Exceptional Events process to permit prescribed fire at scale is a key area for 
future research, stakeholder collaboration and policy development.186

Wildland Fire Mitigation and Management Commission

In an effort to coordinate federal efforts in wildland fire management, the Biden 
Administration created the Wildland Fire Mitigation and Management Commission 
in 2021.187 The Commission was tasked with making recommendations to Congress 
regarding improving the federal policy landscape on wildland fire management in the 
U.S., and is co-chaired by the Department of the Interior (DOI), the Department of Ag-
riculture (USDA), and the Federal Emergency Management Agency (FEMA). Commission 
members represent a broad range of scientific expertise, including in prescribed fire, 
firefighting, cultural burning, public health, and post-fire recovery, among others. The 
Commission’s recommendations report released in 2023 called for an influential shift 
in federal fire governance to facilitate greater interdisciplinary action, transboundary 
collaboration, and proactive fire management across the U.S.188 The full list of rec-
ommendations made by the Commission is a valuable resource and informs some of 
the recommendations made by this report.

Memorandum of Understanding (MOU) on wildfire smoke risk and management

In response to the Commission’s recommendations, EPA, the U.S. Department of Ag-
riculture (USDA), the U.S. Department of the Interior (DOI), and the Centers for 
Disease Control and Prevention (CDC) signed an MOU in November 2023 announcing 
their collaboration on protecting communities from smoke risk.189 The resulting joint 
work plan outlines areas of collaboration on smoke management in the fiscal years 
2024 and 2025.

Wildland Fire Leadership Council

The primary coordination channel for federal wildfire resilience has historically been 
the Wildland Fire Leadership Council (WFLC), founded in 2002 by the USDA and the 
DOI to coordinate and implement federal fire management policy. The Council is an 
intergovernmental committee of federal, state, Tribal, and local government officials 
similarly providing recommendations for federal policy coordination, forest manage-
ment, and effective wildfire resilience.

The Council is required by the 2010 Appropriations Act to submit a strategy to Con-
gress on fire management, to be revised at least once every five year period.190 The 
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National Cohesive Wildland Fire Management Strategy’s Addendum Update in 
2023 highlights four critical areas not addressed in depth in the 2014 Strategy:

• Climate change

• Workforce capacity, health and well-being

• Community resilience (preparation, response and recovery)

• Diversity, equity, inclusion, and environmental justice191

The 2023 Strategy Update also identifies key remaining implementation chal-
lenges in the areas of scaling prescribed fire, data-driven decision making, 
and public education.192

As a coordinating and agenda-setting body, the Wildland Fire Lead-
ership Council is well-positioned to facilitate greater integration of 
public health in wildland fire policy on a federal level, among other 
coordinating entities.

Further channels addressing policy integration on federal fire resilience include 
the White House Wildfire Resilience Interagency Working Group, the Joint 
Chiefs’ Landscape Restoration Partnership, and the Joint Fire Science Program.

Federal grant programs for wildfire resilience

The U.S. Forest Service and FEMA also provide grant funding to high-risk com-
munities seeking to build wildfire resilience. Notable grants are listed below:

• The USFS Community Wildfire Defense Grant Program funds the 
implementation of Community Wildfire Protection Plans in commu-
nities and Tribes experiencing high wildfire risk.193

• The USFS Wildland Urban Interface Grant Program funds activities 
reducing wildfire risk in WUI areas, including community education, 
risk assessment, planning, and monitoring initiatives.194

• FEMA’s Building Resilient Infrastructure and Communities Program 
funds state and local projects reducing catastrophic wildfire risk.195

• FEMA’s Hazard Mitigation Grant Program supports post-fire recov-
ery during severe wildfire events declared by the White House as 
“major disasters”.196

3.3 . INTERNATIONAL GOVERNANCE LANDSCAPE

Challenges in wildland fire governance are shared with other Medi-
terranean climates and beyond. Furthermore, wildfire smoke exposure is 
not jurisdictionally bound, generating notable transboundary health impacts 
and a need for cross-jurisdictional collaboration.
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Coordinated governance initiatives

Responding to increases in severe wildfire incidence globally, international efforts 
have emerged to facilitate information-sharing and governance principles in effective 
wildfire management. Most notable among these is the Landscape Fire Governance 
Framework, inaugurated at the 8th International Wildland Fire Conference in 2023.197 
The Framework introduced a set of international guiding principles for fire policy and 
management, bringing together governments, academia, businesses, and civil society 
representatives in addressing growing wildfire risk. The resulting principles focus signifi-
cantly on moving past siloed approaches to facilitate coordinated and interdisciplinary 
action,198 and do not yet address public health.

The United Nations and the Food and Agriculture Organization (FAO) have published a 
series of reports encouraging governments worldwide to shift fire management strategies 
from suppression to prevention.199 Portugal has since established an Integrated Fire 
Agency, drawing international attention for working across the conservation sector, the 
private sector, and the armed forces to institutionalize fire prevention and resilience.200

Bilateral Memorandums of Understanding between national governments enable more 
efficient sharing of wildland fire research, firefighting training, and post-fire restoration 
strategies. The U.S. and Portugal most recently signed an MOU on wildfire manage-
ment in 2023, building on the U.S.’s similar agreements with Canada, Australia, New 
Zealand, and Mexico.201

Data and monitoring

High need for increased research and information sharing in wildfire management has 
spurred the development of advanced regional and global monitoring systems. The 
European Forest Fire Information System (EFFIS) collects wildfire data across Europe 
and provides information to the European Commission and the European Parliament 
on fire management, supported by a group of fire experts from 43 countries in Eu-
rope, the Middle East, and North Africa.202 The Global Fire Monitoring Center (GFMC) 
similarly advises the UN and other international organizations on capacity building for 
wildfire management and disaster risk reduction.203

CONCLUSIONS ON THE CURRENT POLICY LANDSCAPE

Across state, federal, and international contexts, notable coordination efforts 
have emerged across a siloed landscape of wildland fire and public health 
policy. The California Governor’s Wildfire and Forest Resilience Task Force and the 
Wildland Fire Leadership Council, respectively, are well placed in the California and 
federal contexts to further integrate public health considerations into the wildland 
fire policy landscape.

Where integrated policy efforts have been established, the policy landscape could 
further benefit from more streamlined processes to support effective implementation. 
Limiting legislative and permitting barriers to scaling responsible prescribed fire, espe-
cially through EPA’s Exceptional Events process, forms a key area for future research, 
innovation, and stakeholder collaboration.
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Nationally and internationally, there are abundant opportunities for intersectoral 
and interjurisdictional collaboration on wildfire resilience. Recommendations 
for facilitating these and streamlining effective implementation of health protections 
in wildland fire policy are explored in the following section.
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IV. RecommendAtions FoR FutuRe 
Resilience

This report identifies the following key areas for future resilience, with 
consideration and prioritization throughout of affected communities 
most vulnerable. Responsible for the implementation of these 
recommendations we expect to be state and federal legislators, air 
quality regulators, land managers, local air districts, non-governmental 
organizations, private landowners, and fire practitioners, among other 
stakeholders. 

Key recommendations for policymakers include: 

Future policy research and stakeholder convenings are urged to further develop best-
placed avenues and mechanisms for implementation, facilitated by coordinating bodies 
such as the Wildfire and Forest Resilience Task Force or the Wildland Fire Leadership 
Council.

 • Enhancing proactive capacity-building to address wildfire risk in the 
near term, through expansions in the wildland fire sector workforce, re-
search capabilities, data collection and monitoring, wildfire smoke protection 
resources, emergency response, and wildfire preparedness.

 • Facilitating responsible implementation of ecologically beneficial 
fire, through establishing integrated, community-led governance principles, 
multi-pronged policy development, public education and outreach, and a 
considerable expansion of research into the effects of prescribed fire.

 • Building systems-level resilience in wildland fire and public health. 
Facilitating coordinated, streamlined governance structures, developing in-
tegrated air quality regulation frameworks, mitigating climate change, and 
incorporating wildland fire safety into broader policy areas such as housing 
and occupational protections remain key areas for future research and policy 
development.
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4.1. ENHANCING PROACTIVE CAPACITY-BUILDING TO ADDRESS 
WILDFIRE RISK IN THE NEAR TERM

Building health resilience to wildfire risk encompasses both strategic utilization of existing 
policy mechanisms and facilitating systems-level resilience in wildland fire governance 
over the long term.204 State and federal legislators should utilize the existing policy 
landscape to enhance proactive capacity-building to wildfire risk in the following areas.

Wildland fire sector workforce

The wildland fire sector workforce must expand multifold to meet current 
and future land management targets, without depending on the fire suppression 
and emergency response workforce to also bear the burden of completing fuels man-
agement work at scale during the offseason. Prescribed fire certifications can also 
be expanded to better support and respect the qualifications of Indigenous cultural 
fire practitioners.205

Research capabilities

Further academic and policy research is needed into many aspects of the public 
health impacts of wildfire. This includes research into the acute and cumulative health 
effects of smoke pollution, the risks of smoke dispersion, the toxicity levels of PM2.5 
from the combustion of organic material and industrial materials, the financial costs 
of smoke pollution, and the health tradeoffs associated with scaling prescribed fire, 
among others.

Data collection and monitoring

Increasing air quality monitoring capacity is an essential component to ex-
panding research and policy capabilities. Monitor spacing should crucially be 
evenly distributed throughout areas exposed to wildfire pollution, as current private 
monitor adoption is unevenly concentrated in affluent and already-monitored areas.206  
Air quality monitoring infrastructure in wildfire-prone areas should have backup access 
to distributed energy sourcesb in order to protect data from wildfire-induced power 
outages.207 

Wildfire smoke protection resources

Public protection in the form of information-sharing to notify communities of smoke risk 
is well-established in both California and federal contexts. However, material resources 
can be better deployed to facilitate more effective and equitable smoke protection. 
As private provision of smoke protection tends to only be accessible to higher-income 

b Distributed energy resources are an important protective mechanism from wildfire-induced power 
outages. Expansions in clean energy storage can help support critical services during wildfires 
without contributing to fossil fuel emissions.
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residents, community protection resources are a necessary equity measure for health 
resilience. These include the expansion of Clean Air Centers, subsidizing accessible 
home filtration, subsidizing mask provision, and financing capacity-building for com-
munity organizations.208

Emergency response

Local and regional emergency response services remain under-resourced in their ability 
to comprehensively respond to catastrophic wildfire. Sustained funding for emer-
gency care is critical, as well as expansions to effectively address and treat 
community mental health.

Wildfire preparedness

The California Wildfire Task Force, in collaboration with CAL FIRE, CDPH, and CARB, 
is required by statute to plan an integrated wildfire smoke data platform tracking 
smoke exposure and health data statewide.209 CDPH, CARB, and air districts are also 
working on developing best practices on public communication surrounding wildfire 
smoke events.210 Nevertheless, public and community engagement should be further 
expanded in languages other than English, through trusted community information 
sources, and through communications infrastructure that is not compromised by power 
disruption.c  Public engagement is additionally central in understanding and preventing 
human ignition during times of high wildfire risk.211 Promoting the widespread adoption 
of the California Smoke Spotter app and similar platforms can also facilitate more 
effective dissemination of smoke information for community preparedness.212 

4.2. FACILITATING RESPONSIBLE IMPLEMENTATION OF 
ECOLOGICALLY BENEFICIAL FIRE

This report emphasizes the importance of prescribed fire, although further research, 
collaboration, and emphasis is needed into strategies for facilitating more beneficial fire 
as a whole, and cultural fire in particular. Beneficial fire is a key area for future work 
in streamlining policy implementation, as managing associated public health tradeoffs 
poses regulatory, interdisciplinary, and public engagement considerations. This report 
recommends the following to help facilitate the paradigm shift toward responsible 
beneficial fire, in the context of research conducted on the prescribed fire landscape.

Integrated, community-led governance principles

In order to facilitate the responsible management of beneficial fire that incorporates 
maximum protections for affected communities, multisectoral stakeholders should develop 

c  Various mechanisms are recommended to protect power lines from high wildfire risk, ranging 
from burying power lines, vegetation management, and installing rapid earth fault current limiters. 
Ground fault neutralizers present an especially cost-effective option to protecting power lines 
with lower associated labor costs.
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integrated principles for beneficial fire governance, incorporating equity-based public 
health considerations in all temporal stages of the planning process. Incorporating 
and centering local and place-based knowledge is key to effectively scaling 
beneficial fire, especially Indigenous knowledge around cultural fire.213 

Policy development

Streamlining the approval process for prescribed burns to address the “bu-
reaucratic friction”214 inhibiting their deployment at scale is an essential area 
for future policy development.215 Other key policy actions include enhancing mon-
itoring capabilities to enable effective smoke management and expanding air quality 
protections for affected communities from prescribed fire smoke.

Public education and outreach

Community engagement and social research into strategies that facilitate support for 
ecologically beneficial fire will be crucial to prescribed fire uptake.216 Public outreach 
should include place-based resilience measures for the public health impacts of pre-
scribed fire. Affected communities should be consistently and effectively involved 
in informational processes about what to expect during prescribed burns, including 
precautionary measures and air quality protection.

Further research into beneficial fire

Beneficial fire, and especially prescribed fire as focused on in this report, is a central 
area for future research. Further work is needed comparing the public health impacts 
of smoke pollution from wildfire and prescribed fire under varying conditions. This 
could include expanding technical modeling for smoke plume analysis as well as social 
research into community perspectives and public acceptance of beneficial fire.217 A 
research synthesis bringing together work on the public health impacts of different 
types of fire would be an especially valuable contribution.218 

4.3 . STRENGTHENING SYSTEMS-LEVEL RESILIENCE IN WILDLAND 
FIRE AND PUBLIC HEALTH

In parallel to capacity-building initiatives utilizing existing policy avenues, stakeholders 
are urged to explore intersectoral and innovative solutions to building systems-level, 
long-term health resilience to wildfire. Guiding recommendations are below.

Mitigating climate change

As climate change is responsible for “at least half” of severe wildfire incidence,219 
phasing out the burning of fossil fuels in favor of a clean energy transition is a central 
recommendation for addressing catastrophic wildfires at their source.220
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Coordinated and streamlined governance

Innovative policymaking processes facilitating the coordination of wildland fire man-
agement efforts will be a cornerstone of long-term health resilience. This includes 
interagency and intersectoral collaboration across silos, integrating the temporal as-
pects of wildland fire management, and facilitating multilevel governance structures 
centering frontline communities at the center.221 

At the same time, identifying mechanisms for streamlining coordinative governance 
processes will facilitate effective implementation. This should involve advances in tech-
nological tools assisting the policymaking process and facilitating the development of 
regulatory systems designed to better address the complexities of wildfire and public 
health.

Integrated air quality regulation

Integrated air quality regulation that accounts for the changing wildfire landscape, with 
appropriate considerations for beneficial fire emissions, will become a foundational 
component in developing wildfire resilience over the long term. Adapting the federal 
air quality policy landscape to comprehensively and efficiently address the public 
health impacts of wildfire, with their respective tradeoffs and challenges, remains a 
central area for future work.

Resilient homes and workplaces

Building community resilience to wildfire and fire smoke is closely interlinked with 
ensuring housing stock and other buildings are fire-safe and compliant with indoor 
air quality standards.222 Relying on private provision of smoke protection has been 
shown to have “modest and unequal benefits” in limiting pollution exposure if fire-
safe housing is not widely accessible.223 

Occupational protections are also needed for workers highly impacted by wildfire 
smoke and catastrophic wildfire. This includes physical and mental health protections 
for firefighters, outdoor workers in sectors such as agriculture and construction, and 
healthcare workers, among others.224

The environmental justice dimension of public health resilience to wildfire necessi-
tates addressing the social determinants of health that exacerbate the risks borne by 
marginalized populations.
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V. conclusion

5.1.  PROJECT FINDINGS

Public health impacts

The health impacts of wildfire cause population-wide harm, have environmental justice 
implications, and are extremely costly, increasing year on year. The physical impacts of 
wildfire smoke-induced air pollution include the risks of PM2.5 exposure, the toxicity 
of wildfire-specific PM2.5, the risks of residential and industrial combustion, especially 
due to fire retardants, and the increased risk associated with smoke dispersion. The 
psychosocial impacts of wildfire include societal health impacts from worsened climate 
change and increased power safety measures, societal mental health effects, the de-
struction of communities and infrastructure, and the community trauma of catastrophic 
wildfire. While beneficial fire is a primary mitigation strategy, it also presents public 
health tradeoffs and policy complexities in responsible deployment.

Current policy landscape

Across state, federal, and international contexts, notable coordination efforts have 
emerged across a siloed landscape of wildland fire and public health policy. The California 
Governor’s Wildfire and Forest Resilience Task Force and the Wildland Fire Leadership 
Council, respectively, are well placed in the California and federal contexts to further 
integrate public health considerations into the wildland fire policy landscape. Where 
integrated policy efforts have been established, the policy landscape could further 
benefit from more streamlined processes to support effective implementation. Limit-
ing legislative and permitting barriers to scaling responsible prescribed fire, especially 
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through EPA’s Exceptional Events process, forms a key area for future research and 
collaboration. International initiatives on fire resilience thus far do not notably include 
public health, creating ample space for collaboration given the transboundary nature 
of wildland fire pollution.

Recommendations for future resilience

Integration between wildland fire management and public health is yet nascent. Where 
collaborative mechanisms are strong, challenges remain in streamlining the effective 
implementation of public health protections. This report identifies the following key 
areas for future resilience:

• Enhancing proactive capacity-building to address wildfire risk in the 
short term,

• Facilitating responsible implementation of ecologically beneficial 
fire, and

• Building systems-level resilience in wildland fire and public health. 

Key areas for future research include the public health impacts of wildfire across dif-
ferent temporal and geographical scales, the health impacts of prescribed fire under 
different conditions, policy processes facilitating coordinated and streamlined health 
protections, cross-sectoral coalition-building, and public and community engagement 
on health resilience.
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