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Seasons of smoke and �re: preparing health systems for 
improved performance before, during, and after wild�res
Attila J Hertelendy*, Courtney Howard*, Cecilia Sorensen, Jamie Ranse, Ejemai Eboreime, Sarah Henderson, Je�rey Tochkin, Gregory Ciottone

Increased frequency, intensity, and duration of wild�res are intensifying exposure to direct and smoke-related hazards 
in many areas, leading to evacuation and smoke-related e�ects on health and health systems that can a�ect regions 
extending over thousands of kilometres. E�ective preparation and response are currently hampered by inadequate 
training, continued siloing of disciplines, insu�cient �nance, and inadequate coordination between health systems 
and governance at municipal, regional, national, and international levels. This Review highlights the key health and 
health systems considerations before, during, and after wild�res, and outlines how a health system should respond to 
optimise population health outcomes now and into the future. The focus is on the implications of wild�res for air 
quality, mental health, and emergency management, with elements of international policy and �nance also addressed. 
We discuss commonalities of existing climate-resilient health care and disaster management frameworks and 
integrate them into an approach that addresses issues of �nancing, leadership and governance, health workforce, 
health information systems, infrastructure, supply chain, technologies, community interaction and health-care 
delivery, before, during, and after a wild�re season. This Review is a practical brie�ng for leaders and health 
professionals facing severe wild�re seasons and a call to break down silos and join with other disciplines to proactively 
plan for and fund innovation and coordination in service of a healthier future.

Introduction
Recent years have seen wild�res pose threats to health 
and health systems on many continents.1 Climate change 
has been linked to multiple conditions that favour more 
�re, including earlier and lessened snow melt, chang-
ing precipitation patterns, altered wind patterns, and 
increasing vapour pressure de�cit, which is an indicator 
of atmospheric dryness.2,3 We are not at a new normal: 
wild�re risk is projected to continue to increase.1 By the 
middle of the century, the number of days of exposure to 
very high or high wild�re risk is expected to increase by 
11% in scenarios with and without greenhouse gas 
mitigation.1 Near the end of the century a scenario with 
no further decrease in greenhouse gases will result in 
triple the increase in exposure as compared with 
a scenario compatible with keeping global surface 
temperature increase to less than 2°C.1

The costs of wild�res are huge. The Horse River wild�re 
in the Canadian province of Alberta cost more than 
US$3 billion dollars in damages and forced thousands of 
residents to evacuate, including a 100-bed hospital.4 
In 2023, the Canadian Climate Institute used Health 
Canada’s Air Quality Bene�ts Assessment Tool to estimate 
that the exposure of approximately 9 million people to 
smoke over �ve days in Ontario had a $1·28 billion e�ect 
on health outcomes.5

Under all modelled pathways, global surface tem-
perature warming will at least brie�y exceed 1·5°C.4 Even 
this temperature increase risks triggering multiple 
tipping points in the climate system including permafrost 
melt, which releases methane, a potent greenhouse gas, 
further setting the stage for worsening wild�res.2 
Simultaneously, the burning of wild�res intensi�es 
global warming: greenhouse gas emissions from 
Canada’s 2023 wild�res are estimated to constitute more 
than double Canada’s planned cumulative anthropogenic 

emissions reductions in 10 years.5 Mitigation of 
anthropogenic greenhouse gas emissions is key. A study 
found that carbon emissions related to 88 fossil fuel and 
cement manufacturers contributed 48% of the rise in 
vapour pressure de�cit and 37% of the cumulative area 
a�ected by wild�res between 1986 and 2021 in the 
western USA and Canada.6

International consensus with regard to the need 
for climate-resilient health systems is strong. The 
2024 World Health Assembly passed a climate and health 
resolution and made climate-resilient, low-carbon health 
systems the number one priority of its work programme 
for 2025–28.7 More than 80 countries have joined the 
Alliance for Action on Climate Change and Health and 
140 have signed the COP28 Declaration on Climate 
and Health.8,9

Although momentum around commitments is build-
ing, the mobilisation of human, political, social, and  
�nancial capital required to implement sustainable 
health care is lagging. Medical curriculum surveys show 
that the e�ects of climate change and air pollution are 
covered in only a few curricula worldwide,10 and that 
health professionals are unsure of how to counsel 
patients or policy makers.11 In 2022, only 11 (17%) of 
64 countries committed to building climate-resilient 
health systems via Alliance for Action on Climate Change 
and Health had carried out a vulnerability and adaptation 
assessment.1,12 In 2022, only 126 (70%) of 180 countries 
reported high to very high implementation rates for 
health emergency planning, management of emergency 
response, and logistical and supply chain manage-
ment.1 Planning and preparation were least complete 
in low-income countries, many of which are dispro-
portionately a�ected by climate emergencies.1 Current 
disaster plans generally do not account for projected 
future risks.13 The climate competence of other 

http://crossmark.crossref.org/dialog/?doi=10.1016/S2542-5196(24)00144-X&domain=pdf


e589 www.thelancet.com/planetary-health   Vol 8   August 2024

Review

disciplines cannot be assumed: for example, integration 
of a climate lens into engineering training is incomplete.14

The absence of government commitment and health 
system mobilisation does not keep wild�res at bay. 
Wild�res frequently a�ect forested areas surrounding 
small, rural communities with few health sta�, many of 
whom have multiple roles within outpatient, inpatient, 
health system management, and emergency response 
capacities. In the midst of overstrained resources, health 
systems in many regions are still stretched in the wake 
of COVID-19. This vulnerability leaves front-line health-
care providers to manage smoke-related presentations 
and mental health e�ects related to climate change 
for which they have often not received instruction. 
Meanwhile, at a health systems and emergency manage-
ment level, the capacity is not always present to do 
a climate-informed comprehensive assessment using an 
all-hazards approach, resulting in little awareness of 
climate risks, and in turn, preparedness. Even in a high-
income country such as Canada, the success ful 
evacuation of two 100-bed subarctic hospitals was 
accomplished primarily thanks to quick thinking, as 
opposed to assessment, planning, and rehearsal.15,16 
Comprehensive frameworks for climate-resilient health 

systems are designed for public health audiences and 
long-term visioning17 and can be unwieldy to implement. 
Currently, no frameworks exist that are speci�c to 
wild�res.

This Review aims to present the beginning of 
a practical framework to guide health systems leaders 
facing severe wild�re risks. Developing an empirically 
derived and theoretically informed framework for 
health systems adaptation for wild�res is beyond the 
scope of this paper. Preparing for and responding 
e�ectively during a severe wild�re season requires 
competencies including: awareness of the major health 
e�ects and how to manage them; preparation of the 
health infrastructure and health workforce to manage 
surges; emergency management and precise, timely 
communication among many stakeholders and vul-
nerable communities; and planning for reopening and 
catch-up with regard to missed patient appointments in 
the face of what might be reduced systems capacity. 
Exact demands will di�er depending on whether 
a health system is threatened directly by wild�res or is 
part of a community at a greater distance from the 
wild�res. Given low levels of wild�re curriculum 
content and a rapidly evolving evidence base with 

Figure �: Health and health system e�ects of smoke and �re
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regards to health and health systems e�ects, we assume 
busy practitioners with no previous knowledge of 
wild�res. We �rst summarise the major health e�ects 
of wild�res, from direct trauma, to smoke-related 
e�ects, to mental health challenges. We then discuss 
commonalities of existing climate-resilient health-care 
and disaster management frameworks and integrate 
them into an approach that addresses issues of health 
infrastructure, health workforce, and emergency 
management before, during, and after wild�res.

Overview of the e�ects of wild�res on health
Direct trauma
Residents and emergency responders in close proximity 
to �res are at risk of burns, injuries, motor vehicle 
accidents, and death.18,19 Dense smoke can reduce 
visibility to such an extent that driving and �ying become 
more hazardous, increasing the risk of trauma. The 
prevalence of trauma and burns resulting from direct 
exposure to wild�res varies from none or very small 
numbers despite a large �re, to many people a�ected.20 
The Black Saturday bush�res in Australia were the 
deadliest ever bush�re event, resulting in 173 casualties 
and 414 people injured.21 The �re in Maui in 2023 killed 
close to 100 people and caused more than $5·5 billion in 
damage.22,23 Nine patients with burns were �own out of 
Maui to Honolulu, the largest number of admissions 
from a single incident in the burn unit’s history.23 People 
with major burns can pose a great  challenge for smaller, 
rural health-care facilities, since these individuals 
frequently require intubation and intensive care, quickly 
overwhelming capacity in terms of ventilation as well as 
in the medical evacuation resources needed for transport 
to a burn centre (�gure 1).

Wild�re smoke exposure
When considering the population health e�ects of 
wild�re smoke, it is key to acknowledge how smoke 
di�ers from other sources of ambient air pollution, 
such as tra�c and industry.24,25 First, smoke is a more 
complex and dynamic mixture of pollutants, for which 
we often use particulate matter (PM) of less than 
2·5 microns in aerodynamic diameter (PM2·5) as 
a convenient proxy. Second, the toxicology of wild�re 
smoke PM2·5 might be di�erent from the toxicology of 
PM2·5 generated by other sources. Third, the magnitude 
of PM2·5 exposure is much higher in case of wild�res 
than it would be for mobile or point sources that have 
a steady emission rate. Fourth, the exposure is highly 
variable in both space and time depending on the fuels, 
the �res, and the weather.26

Wild�re smoke is a uniquely complex and dynamic 
form of air pollution made up of both gases and particles. 
The primary gases emitted by wild�res include carbon 
monoxide, ammonia, oxides of nitrogen, volatile organic 
compounds, and polyaromatic hydrocarbons.27 These 
gases then inter-react with each other and the atmosphere 

to form secondary gases, particularly ground-level 
ozone.28 Wild�res emit vast quantities of particulate 
matter that ranges from less than 0·1 to more than 
10 micrometres in diameter that tend to aggregate 
together as they get further from the �re source.27 The 
composition of this PM is also complex, with varying 
concentrations of organic carbon, elemental carbon, 
heavy metals, and other constituents.27 Although the 
evidence is still scarce, some fuel types, especially 
anthropogenic materials, seem to produce more toxic 
smoke than others.29,30

Despite all this complexity, the mass concentration of  
PM2·5 is known to have profound e�ects on human 
health and is thus widely measured.31 Ambient PM2·5 
concentrations during periods a�ected by wild�re 
smoke can change quickly, with high variability within 
and between days.32 In many high-income countries 
background 24-h average PM2·5 concentrations are 
typically less than 25 µg/m³. A moderately smoky day 
might have concentrations up to 100 µg/m³, where a very 
smoky day can exceed 250 µg/m³. During the smokiest 
hours concentrations might exceed 1000 µg/m³.33

Evidence on the health e�ects of wild�re smoke 
exposure is now growing rapidly, but the number of 
studies is still small when compared with the literature 
on ambient air pollution from other sources. Clear 
evidence exists that short-term exposure to wild�re 
smoke has immediate e�ects on respiratory health, 
especially for endpoints related to asthma.19 Some studies 
suggest that the acute respiratory e�ects of PM2·5 from 
wild�re smoke are greater than those from PM2·5 in 
the typical background air mixture.34,35 This di�erence 
might be due to unmeasured co-pollutants or di�erent 
composition of the smoke particles. Evidence of the 
association between short-term wild�re smoke exposure 
and increased risk of severe cardiovascular events, 
such as out-of-hospital cardiac arrest and myocardial 
infarction, is growing.36 Finally, there is emerging 
evidence on a much broader range of wild�re smoke 
exposure outcomes, including diabetic control,37 kidney 
disease,38 and cognition.39

There is much more limited evidence on the longer-
term e�ects of wild�re smoke exposures, especially in 
populations that are repeatedly exposed. A 2022 Canadian 
study found higher incidence of lung and other cancers 
in areas with closer proximity to wild�re over a 20-year 
period.40 Another study on a small cohort exposed to 
coalmine �re smoke in 2014 had similar �ndings.41 Other 
studies have found long-term decrements to lung 
function following a severe wild�re season42 and higher 
rates of in�uenza infection.43 Evidence is also emerging 
that exposure to wild�re-related PM2·5 increases risk of 
incident dementia.44 Much more work is needed on the 
longer-lasting e�ects of wild�re smoke exposures.

Three groups of particular concern with respect to long-
lasting e�ects of wild�re smoke are the developing fetus,45 
infants, and young children, whose exposure could lead 
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to health e�ects that persist through the life course. 
Again, current evidence is scarce. Wild�re smoke 
exposure during pregnancy has been associated with 
reduced birthweight,46–48 increased birthweight among 
mothers with gestational diabetes,49 preterm birth,46,50 
stillbirth, 51 and increased otitis media and lower 
respiratory infections in the �rst year of life.52 Research 
on infant monkeys has found reduced lung size and 
immune function 53 among exposed groups, with potential 
evidence of epigenetic e�ects.54 Further research from the 
Australian coalmine �re cohort has found increased 
respiratory risk in children.55 Following up such cohorts 
through young adulthood will improve our understanding 
of the long-term e�ects of wild�re smoke exposure.

Mental health
Wild�res have short-term and long-term psychological 
e�ects on a�ected people, �rst responders, and the 
public. Within 3–6 months of wild�res, 24–60% of 
adult survivors might experience symptoms of post-
traumatic stress disorder, 25–33% might experience 
major depressive disorder, and 25–33% might have 
anxiety disorders.56–58 Resilience, being the capacity to 
handle adverse experiences, diminishes after wild�re 
exposure.59

Eco-anxiety, characterised by overwhelming feelings 
of helplessness, hopelessness, fear, and despair in the 
face of climate change and environmental threats, is 
becoming prevalent among younger generations 
worried about their future on a warming planet.60 
Exposure to traumatic wild�res can exacerbate eco-
anxiety and climate grief in children and youth.61 
Although psycho logical distress tends to wane over 
time, symptoms can persist for years after disaster.62,63 
Despite this burden, mental health is often not 
prioritised in disaster preparedness and response. The 
seasonal nature of wild�res can result in recurrent 
exposures and increased mental health burdens. Fire-
related risk and heavy smoke can result in a reduction 
of important cultural land-based activities including 
�shing and berry gathering.64 The changed landscapes 
resulting from severe wild�re seasons can a�ect 
Indigenous land-based practices and mental health 
more broadly.64,65

Existing frameworks for health system 
preparedness and response
Climate-resilient health systems
The WHO Operational Framework for climate-resilient 
and low-carbon health systems is designed to assist 
decision makers in health systems, including public health 
agencies, with comprehensive planning.17 Overarching 
goals include managing climate-related health risks, 
developing health system capacity, and ensuring a long-
term vision and adaptive management. The framework 
uses six building blocks for health systems: �nancing; 
leadership and governance; health workforce; health 

information systems; climate resilient and low-carbon 
infrastructures, technologies, and supply chain; and 
service delivery, including climate-informed health 
programmes, and emergency preparedness and manage-
ment.17 Evaluation of health risks includes assessment of 
vulnerabilities, including: demographic, geographical, 
gender, and others; climate-related hazards including heat, 
sea-level rise, air pollution, vector distribution and ecology, 
and water scarcity and food; and exposures, including to 
the community, health workforce, infrastructure, and 
energy, water, food, and health systems.66 The framework 
describes how health systems head into a given stressor 
with various levels of capacity, and that various resulting 
pathways are then possible. These include collapse, 
transformation, and recovery to levels of function that are 
worse, similar, or better than pre-event.17

Similarly, the Canadian Climate Change and Health 
Vulnerability and Adaptation Assessment provides 
a six-step process.67 The assessment invites practitioners 
to identify priority health hazards, describe current risks 
including vulnerabilities and capacities, project future 
health risks, identify and prioritise policies to improve 
climate resilience, establish an iterative process for 
managing and monitoring risks, and examine the 
potential health co-bene�ts and co-harms of adaptation 
and greenhouse gas mitigation.67 The assess ment utilises 
the WHO health system building block framework and is 
very comprehensive.67

The US Primary Protection: Enhancing Healthcare 
Resiliency for a Changing Climate68 is a comprehensive 
guide aimed at bolstering the resilience of health-care 
facilities against the e�ects of climate change. Developed 
by the US Department of Health and Human Services, 
this guide addresses a range of vulnerabilities related 
to health-care infrastructure. The guide is focused on 
health infrastructure, employs a multi-hazard assessment, 
addresses land use planning and protection of clinical 
care facilities and the environment. The guide emphasises 
the need for health-care facilities to adapt to increasing 
extreme weather events by adopting a �ve-element 
planning framework. This framework includes assessing 
climate risks, planning infrastructure resilience, ensuring 
essential clinical services, and integrating environmental 
protections.

Finally, in 2023, UNICEF published a very thorough 
report, which summarises the latest evidence on the 
health harms of smoke in children and contains recom-
mendations for how to mitigate the risk of exposure to 
environmental pollutants such as wild�re smoke.69

Also, of use for practitioners preparing for wild�re 
season are disaster management and emergency 
management frameworks. The Sendai Framework for 
Disaster Risk Reduction places major emphasis on 
addressing climate-related risks and integrating climate 
change adaptation into disaster risk reduction strategies. 
The framework outlines four main priorities for action: 
understanding disaster risk, strengthening disaster 
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risk governance, investing in disaster risk reduction 
for resilience, and enhancing disaster preparedness for 
e�ective response and recovery. In the health-care 
context, the framework includes strengthening health 
infrastructure, improving emergency preparedness, and 
fostering collaboration across sectors to enhance overall 
resilience to climate-related disasters.70

An empirically derived and theoretically informed 
framework developed in Canada emphasises the 
necessity of surfacing and prioritising ethics and 
values, including equity, trust, public protection, 
reciprocity, duty to care, stewardship, and solidarity. 
This framework envisions emergency preparedness 
and response as a complex adaptive system, which 
includes elements of inter connectivity, emergence, 
feedback loops, non-linearity, dynamic context, self-
organisation, and adaptability.71 The British Columbia 
Emergency System framework envisions a process 
shown in �gures 2–4.72 The Northern Inter-Tribal 
Emergency Preparedness Guide for Commu nity 
Members includes detailed guidance for community 
members returning to homes that might have been 
a�ected by wild�res. 73

Proposed approach
Given that in many parts of the world wild�res occur at 
a distinct time of year, which imparts a temporal element 
to preparation and planning that is aligned with disaster 
medicine and emergency management frameworks, an 
approach is suggested that integrates these aspects with 
elements of climate-resilient health systems frameworks. 
This approach is combined with the WHO’s six building 
blocks of health systems, and elements applicable 
to wild�res from the climate-resilient health system 
frameworks listed. Although a comprehensive climate-
smart planning exercise and all-hazards approach to 
emergency management is still recommended, this lens 
provides a framework for practitioners staring down 
a predicted severe wild�re season to verify that major 
elements of planning and response have been considered. 
The time periods identi�ed are mitigation (throughout), 
before (preparedness), during (response), and recovery 
(after; tables 1–4). Each category is discussed with 
reference to wild�re season in its entirety, given that 
multiple �res in a single season often result in stuttering 
e�ects and sometimes more than one evacuation of any 
given health system.

Figure �: Improving health system performance before wild�re season
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Before the wild�re: health systems preparation
Financing of preparedness for wild�res might be 
challenging at a time when many health systems’ leaders 
do not know what they do not know.10 Recent WHO and 
country-level commitments made at the 2023 World 
Health Assembly should be brought to their attention.  
(�gure 2). 8,74

Leadership in communities likely to provide mutual 
aid during wild�re season must establish trusting 
relationships before wild�re season (table 1). Hospital 
evacuation scenarios should be considered on an inter-
agency basis well before wild�re season, enabling deci-
sions to be taken and actioned transparently and e� ciently 
during the wild�re. The health workforce should receive 
training on the management of wild �re emergencies, 
including physical trauma, smoke exposure, and extreme 
heat injuries. Health-care workers should be able to inter-
pret air quality information and describe the appropriate 
response for patients with di�erent vulnerabilities 
(table 2). Health-care sta� should be prepared for rapid 
evacuation and be ready to ensure continuity of operations 
in the case of loss of power.75 Identi�ed vulnerabilities 
should be stress-tested through realistic, regular drills 
done by experienced, credentialled emergency and 
disaster experts.76,77 Health information systems should be 
created to inform the community (table 1).

Infrastructure must be upgraded to ensure resilience 
to �re and smoke (table 3). Wild�re smoke can a�ect 
communities and hospitals thousands of miles down-
wind,78 increasing demand for emergency services.79 At 
the same time, wild�re smoke can a�ect the indoor air 
quality in patients’ homes and health-care settings.80 
Indoor in�ltration of outdoor wild�re smoke depends on 
building-speci�c properties, such as the design of the 
heating, ventilation, and air conditioning (HVAC) 
system, windows, doors, number of storeys, and building 
materials. It is imperative to assess whether building 
repairs are required and what types of �lters can be used 
with HVAC systems. Indoor air quality sensors should 
be installed to assess in real time whether supplementary 
indoor air cleaning might be required to keep PM2·5 in 
the low-risk zone of less than 30 mcg/m³.81 When these 
actions are not achievable it might be impossible to use 
parts of the building safely, such as operating rooms.68

Maintaining health services can be challenging 
(table 4). Residents in areas a�ected by wild�res 
should be educated to keep track of reliable information 
and community evacuation plans.5 Patients should be 
advised to carry a list of their medications and 
be provided with re�lls on prescriptions. Data on the 
e�ectiveness of prophylactic medication use for patients 
with respiratory disease are insu�cient.82 Setting up 

Figure �: Improving health system performance during wild�re season
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interjurisdictional professional licensing and systems 
for virtual care and in-person facilities, so that dis-
placed health-care workers can bolster health services 
within host communities, can reduce how overwhelmed 
receiving health systems are.

Particular attention should be paid to wild�re pre-
paredness in hospitals and health systems located at 
wildland–urban interfaces.83,84 When local health-care 
facilities lose functionality, patients must be transferred 
to other nearby care facilities, creating a surge that might 
exceed capacity.84 In addition, there might be multiple 
health-care facilities sending patients that converge on 
a single site. This situation can completely overwhelm 
health systems. This has been highlighted as a risk 
within California, USA, health-care centres.85 British 
Columbia, Canada, has experienced similar challenges, 
with health system capacity additionally strained by 
sta�ng shortages due to evacuation alerts that also 
a�ect health-care sta�. A provincial sta�-sharing model 
between health authorities has been developed to 
alleviate sta�ng capacity issues. Alternate (under-used or 
unused) long-term care sites are also being identi�ed 
and retro�tted to accept potentially evacuated residents. 
For example, the 2017 severe wild�res in the interior of 
British Columbia, Canada, a�ected 19 health facilities, 
led to the evacuation of 880 patients, and caused the 

displacement of 700 health-care professionals.86 This 
event was followed in 2023, with the evacuation of the 
100-bed territorial hospital in Yellowknife, a complex 
operation involving a military airlift and coordination 
with multiple hospitals in the provinces of British 
Columbia and Alberta.15

Preparedness planning should incorporate mental 
health strategies focused on building individual and 
community resilience and coping skills, and provide 
information on where and how to access resources and 
supports.87 These programmes should be adapted to 
meet the needs of vulnerable groups, such as children, 
older people, and rescue workers.59,88 School-based 
programmes can provide children with age-appropriate 
climate change information, eco-anxiety coping strat- 
egies, and peer support.89 Training community health 
workers in psychological preparedness, screening, 
and psychological �rst aid can enhance community 
resilience.90

Considering that remote and rural communities are 
frequently most a�ected, and these communities often do 
not have access to mental health services, digital mental 
health programmes designed for the general population, 
health-care providers, and �rst responders can help close 
the access gap, even in resource-constrained settings.91,92 
The cultural deter minants of health should be taken into 

Figure �: Improving health system performance after wild�re season 

Ecological
determinants 
of health 

Health
systems 

Health
authorities 

Social and
structural
determinants
of health

Logistics

Planning
Finance

Operations

Ministers Director

Medical O�cer of Health

Ensure funding requirements of wild�re 
season and identify areas for increased 
resources
Anticipate regular wild�re seasons and ensure
funding exists for them and for catch-up from 
disruption of services

Sharing of 
after-action

reports

Emergency 
operations centre

Health
authorities

Review supply chain 
shortages, and develop 
solutions to prevent these 
in future yearsReview transport

strategy
Debrief and survey

front-line sta� Review success
of shelter planEnsure power,

telecommunications,
water, groceries, and fuel
services are running before
return of community

Health system liaison at
shelter or home care to

address missed health-care
appointments

Conduct school-based and population
screening for mental health support

Encourage community
conversation, debrief,

and connection

Local
radio

Be alert for
smouldering zombie �res

Take stock of building performance
and upgrade as necessary

Implement patient-centred
and creative approach to
addressing delays in care

Medical Directors, Chief Executive O�cers, and team 
Initiate after-action reviews and partner with implementation 
task forces
Support sta� needs for rest, handover, and mental health support



e595 www.thelancet.com/planetary-health   Vol 8   August 2024

Review

account, recognising that Indigenous ways of coping after 
wild�res, for example, might be di�erent to those of 
settlers who might have a di�erent relationship to the 
Land or Country, and to one another. Culturally 
appropriate interventions, such as sharing circles might 
be helpful in Indigenous communities.93 Emergency 
management services coor dinate di�erent levels of 
government, and integrate the e�orts of social 
institutions, the private sector, communities, and �rst 
responders (table 2). Health systems are included within 
broader emergency management structures that interface 
with other actors for greater coordination and to expedite 
information sharing.94

Planning should include risk–bene�t analyses related 
to potential challenges to land-based evacuation due to 
long driving distances and infrequent fuelling stations. 
as well as highway safety and potential for road closures 
due to �res. Air quality issues in ambulances should be 
anticipated and portable air �lters added as needed. Air-
based evacuation planning should consider the potential 
for decreased visibility due to smoke to interrupt �ights 
and for the airport to run out of fuel.

Emergency management in North America has a long 
history of focusing on evacuation to protect populations. 
However, evacuations are associated with substantial 
health harms compared with sheltering in place,95 which 
has been seen as more appropriate in countries such 
as the UK.96 The bene�ts of sheltering in place include 
reduced emotional trauma,97 mortality, and reoccurring 
hospitali sations.98 Moving forward, decision making 
should be informed by community co-development of 
wild�re plans, emerging evidence regarding long-term 
e�ects of smoke, and the changing characteristics 
of wild�res as temperature and precipitation patterns 
shift.

During the wild�re
Leadership must prioritise safety and health of sta� and 
patients (table 1, �gure 3). Infrastructure in �re-prone 
areas should be monitored to optimise air quality.  
Isolating emergency department ventilation systems and 
enabling recirculated air during emergency conditions 
should be considered. When PM2·5 cannot be maintained 
at less than 30 mcg/m³, portable scrubbers can be added 
(table 4).68

The health-care workers also face risks: sta� might be 
unable to get to work due to road closures, and hospitals 
must then enact contingency sta�ng plans (table 1). 
Health services should be run with as much normalcy as 
possible, with sta� actively advising all patients to have 
evacuation plans in place. Health services should work 
closely with social workers and case managers to ensure 
that vulnerable patients have access to transportation and 
housing in the case of evacuation (table 3). Having home 
care patient sta� establish links with health services in 
the host community during evacuations can greatly assist 
the evacuated public who might require support in their 
temporary residences. Basic health services might need 
to continue to operate in evacuated communities to 
provide care for �re �ghters or local law enforcement 
who are tasked with the management of those unwilling 
to evacuate.15 This task also might require paramedic 
sta� to be placed at egress points within the evacuated 
community.

Emergency management operations centres liaise with 
health-care services, which ensures open communication 
and highlights health risks to areas with encroaching 
evacuation alerts or orders. Plans must be shared across 
agencies, such as evacuation criteria versus sheltering in 
place. During the 2017 British Columbia wild�res, health 
centres and long-term care sites evacuated before 

Mitigation (throughout) Before (preparedness) During (response) Recovery (after)

Financing Encourage community members to have up-to-
date house insurance that covers wild�res; establish 
mechanisms for a steady stream of funding through 
all levels of government for both health systems 
function and to aid patients having to cover 
evacuation expenses; and obtain funding for 
at-home air puri�ers for vulnerable people.

Develop a system, possibly text-based, via 
which community members could collect 
funds from government-sponsored grant 
programmes to defray evacuation-related 
expenses.

Deliver governmental �nancial 
assistance to evacuated patients 
as quickly as possible. This help 
might include private sector and 
non-governmental organisation 
support.

Review funding requirements of the 
wild�re season and identify priority 
areas for increased resourcing. 
Anticipate regular severe wild�re 
seasons and ensure funding exists 
for fall catch-up from disruption of 
health services during the summer.

Leadership and 
governance

Ensure trusting relationships exist between health 
systems’ leaders in jurisdictions that might need to 
provide assistance during evacuations, as well as 
with Indigenous organisations, emergency 
services, and decision makers at various levels 
(municipal, regional, and national) to ensure the 
sharing of information and consultation with 
regard to key elements of planning and 
implementation. Ensure the local knowledge of 
Indigenous people is involved in designing the 
community and health system response to 
wild�res. Commit to ensuring that everyone in 
a leadership role is trained to lead emergency 
operations and that all members of the health 
system understand their roles.

Take responsibility for initiating, funding, 
and completing climate-related vulnerability 
assessments. Recognise and normalise the 
fact that climate-related and disaster-related 
emotions, such as fear, anxiety, guilt, and 
anger might a�ect the decisions and 
behaviour of leadership, teams at all levels, 
and patients, and model practices designed 
to help develop insight into these, and to 
optimise both individual and team wellbeing 
and performance; and plan for redundancy 
within health leadership to ensure a mid-level 
planning team with high-level authorisation 
who can plan for recovery while on-the-
ground leadership manages the evacuation.

Integrate partners in response 
coordination: share situational 
awareness through integrated data 
systems, adapt command and 
control model to be less command 
focused and more inclusive and 
culturally sensitive to a�ected 
communities, and designate 
a mid-level planning team with 
high-level authorisation to organise 
the recovery while on-the ground 
leadership manages the evacuation.

Initiate a post-event evaluation to 
determine strengths and 
weaknesses of the management of 
wild�re season and to identify ways 
to improve future responses. 
Partner after action reviews with an 
integrated task force to implement 
improvements; recognise that 
handover might need to occur 
between the team that planned and 
executed an evacuation and a new 
team to lead the recovery.

Table �: Financing, leadership, and governance
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evacuation orders being put in place. These uncoordinated 
actions caused challenges for communities where 
residents decided to stay during an alert, as health services 
within the community were moved out. This situation can 
also be taxing for ambulance providers as it  creates the 
potential for longer transportation times and heightened 
service requirements (table 1). Health equity and access 
to health services is a key theme during disasters and 
is a challenge during evacuations caused by severe 
wild�res. 99 Cultural sensitivities and the concurrent 
management of other public health chal lenges related to 
infectious disease, substance use, and interpersonal 
violence need to be taken into consideration when 
assessing and setting up potential reception centres.

Providing shelter for people evacuated can be 
challenging. Community evacuations during wild�res 
often take place during heightened tourist seasons.100 
The increased population puts pressure on available 
commercial accommodations, which typically are at 
capacity. Given the 2023 case of the Maui, USA, interface 
�res, there is much value in having tourism o�cials and 

representatives consider how in�uxes of populations 
might a�ect health services. This issue can be alleviated 
with memoranda of understanding with commercial 
entities and health sector-informed accommodation 
planning. Considerations must be given to the housing 
needs of local populations in case houses are lost during 
a disaster. In British Columbia, travel restrictions have 
been put into e�ect to limit tourism to allow for 
commercial lodging to have the necessary capacity to 
house displaced local populations.

After the wild�re: recovery
Financing is key: having a steady stream of recovery 
funding through all levels of government is necessary to 
maintain health and social services beyond immediate 
evacuation �nancial assistance (table 1, �gure 4). 
Leadership should ensure a phased re-entry plan in 
which experts �rst deem a community safe from �re. 
Next, essential sta� for key services including water, 
sewage, groceries, and health care are allowed to return. 
Finally, residents are permitted home (table 1).101

Mitigation (throughout) Before (preparedness) During (response) Recovery (after)

Health 
workforce

Ensure  optimisation of health-care sta� health 
and wellbeing through good access to well �tted 
respirators, health care, and medication. Create 
a plan for the occupational health and safety for 
wildland �re�ghters, as they are exposed to 
major health and safety risks. Develop and 
maintain regional licensure for health-care 
professionals to ensure displaced sta� are still 
able to serve patients when they themselves are 
also evacuated. These arrangements might 
include bilateral agreements with other 
jurisdictions to recognise licensure in the case of 
cross-jurisdictional evacuation. Ensure there is a 
sta�ng plan for possible relocation sites; develop 
clear expectations on what evacuated sta� will 
be asked to do professionally when they 
themselves are a�ected, and ensure support for 
them (housing with electricity and internet to 
support virtual care, pay, etc).

Train health-care sta� in management of 
heat-related and smoke-related 
emergencies and community health 
workers in psychological preparedness, 
including the ability to screen for mental 
health problems and deliver psychological 
�rst aid. Ensure sta� are prepared for rapid 
evacuation and have arrangements with 
their families with regard to childcare and 
evacuation in case they are on duty when 
community evacuation occurs. Plan which 
sta� might be willing to stay behind to 
provide care to emergency workers in case 
of an evacuation. Ensure sta� in 
communities that could possibly be 
involved in mutual aid during evacuations 
are familiar with the cultural determinants 
of health of their respective populations.

Protect the health of sta� and patients by 
monitoring and optimising indoor air 
quality in health-care facilities and 
providing N95 masks when PM2·5 
>30 mcg/m³. Place portable air scrubbers 
in units as needed to improve air quality; 
support sta� as they attempt to manage 
childcare, pet care, and the safety of 
themselves and their families in the 
midst of sometimes uncertain and 
rapidly shifting circumstances, in which 
they are also called upon to contribute in 
their professional capacity. Recognise that 
some evacuated sta� will not be able to 
contribute in a professional capacity in the 
host community due to uncertainty in 
living arrangements, no childcare, the 
exacerbation of physical or mental health 
challenges, or other factors.

 Consider health workers’ mental 
and physical health needs and 
provide appropriate care and 
support; consider developing 
recovery groups to conduct 
after-action reviews and lived 
experience learning exercises; and 
anticipate the need for higher 
than usual numbers of sta� to go 
on leave post-evacuation.

Health 
information 
systems: 
guidance for 
community

Identify sources of reliable news, weather, and 
smoke information and encourage the 
community to follow public health advice 
appropriate for the situation, with pregnant 
women, infants, children, outdoor workers, older 
people, and individuals with pre-existing 
conditions considered more vulnerable; consider 
providing at-home air �ltration devices to 
patients with pre-existing vulnerabilities; in case 
family members are experiencing shortness of 
breath, chest pain or chest tightness, cough, 
extreme sadness, worry, or nightmares then seek 
medical care; and if you are in an area with 
potential coexisting heat and wild�re 
emergencies, consider purchasing an air 
conditioning unit to cool the air if windows are 
closed due to wild�re smoke.

Re�ll medications for patients with 
pre-existing smoke-sensitive medical 
conditions. Prepare an emergency 
evacuation kit including medications, 
chargers, comfort toys or objects, 
important documents, and N95 or KN95 
masks. Prepare an emergency evacuation 
plan and ensure the whole family is briefed 
(including children) and that jerry cans or 
water jugs are procured as necessary. 
Create �re-resistant zone around house.  
Collaborate with social workers and case 
managers as well as creating a buddy 
system in your community to ensure older 
and vulnerable people have someone who 
can check in on them during heat and 
wild�re episodes. Encourage active 
building of community-based 
relationships via social activities in order to 
enhance mutual aid during wild�re 
seasons.

Evacuate immediately when the house is 
at risk of �re, and follow community 
evacuation orders. Ensure all outdoor 
workers have access to well �tted N95 or 
KN95 masks for smoky times and follow 
public health advice with regard to smoke. 
Stay inside with windows closed and an air 
�ltration device running as needed. Aim 
for an indoor air quality of PM2·5 of 
<30 mcg/m³; avoid cooking with gas or 
biomass stoves.67 Optimise overall 
wellbeing during smoky wild�re seasons 
by aiming for an 8 h sleep opportunity, 
exercising in cleaner air or with a mask, 
minimising ca�eine and alcohol 
consumption, spending quality time 
screen-free with family, and going outside 
to enjoy nature and community during 
clean air windows.

Submit insurance claims as need 
be for evacuation costs, damage 
to infrastructure, and health care; 
undertake home upgrades or add 
air �ltration as necessary to 
improve indoor air quality and �re 
safety for the next wild�re season; 
observe family members, 
particularly children, for changes 
in behaviour, such as trouble 
sleeping, withdrawal, or 
regression in milestones that 
could indicate mental health 
trouble from wild�re-related 
experiences. If undertaking clean 
up, �rst ensure the area is safe, 
ventilate the home, and remove 
soot from surfaces with a vacuum 
or a cloth with hot, soapy water.71 

Table �: Health workforce and health information systems
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Health-care workers are under pressure during a severe 
wild�re season, so the workers’ mental health needs to be 
considered, especially the individuals who have been 
a�ected due to evacuation or losses of personal property.102 
Recovery groups can do after-action reviews and lived 
experience learning exercises, which might include 
considerations for future environmental design, hazard 
proo�ng communications, and enhancing early warning 
system infrastructure, as well as disaster risk reduction 
improvements (table).83 Health services should resume 
normal function as soon as possible. Community recovery 
teams that include health actors can assess recovery 
needs, coordinate partners in reopening health facilities, 
and incorporate lessons-learned after the event (table 4).

Resilience to hazards such as wild�res is enhanced by 
boosting hospital capacity and through robust linkages 
within the community.103 Health-care systems that are 
able to maintain normal operations while responding to 
events and transition to recovery following an event allow 
for improved societal resilience.104 Conversely, health-care 
resiliency is linked to the level of adaptation of the 
community in which the system resides. It is imperative 
that health-care organisations work with community 
partners and take an active role in building local resiliency 
across the disaster cycle.105 The local knowledge of 
Indigenous people should be included in decisions 
designed to increase resilience. In Maui, for instance, 
a return to traditional agroecology could enhance food 
security, while also reducing the �ammability of the 
grass-heavy landscape.22

Mental health sequelae from wild�res are common 
but often subtle in contrast to physical trauma, with 

implications for case identi�cation and triage. Popula-
tion screening and surveillance can provide prevalence 
estimates of mental health conditions to inform 
pragmatic resource allocation, planning, and delivery of 
interventions. It is key to triage available psychological 
support for people most greatly a�ected or the most 
vulnerable, such as in�rm people or individuals with 
disabilities. Psychological support can include community 
outreach services, delivery of psychological �rst aid, and 
crisis counselling.106

Wild�re mental health e�ects can persist long term 
if not addressed. Rehabilitation should continue for 
years, providing psychosocial support alongside physical 
rebuilding. Ongoing assessment helps identify com-
munities and individuals still struggling to recover 
economically and emotionally. Schools should integrate 
climate education, eco-anxiety coping skills, and emotional 
support services to build student resilience.107 Community 
programmes can help people with insurance claims, 
housing, and the results of disruptions to livelihoods. 
Workplaces and health-care systems must implement 
comprehensive, long-term mental health services.

Breaking down silos and funding a healthier 
future
An all-of-society response is required to optimise 
wellbeing in the face of severe wild�res. National and 
subnational frameworks that prioritise wellbeing within 
budgeting processes provide an opportunity for an 
integrated approach to funding and implement-
ing adaptation across ministries, as well as a two-way 
dialogue with ministries of �nance and new priorities 

Mitigation (throughout) Before (preparedness) During (response) Recovery (after)

Infrastructure Coordinate with municipalities to ensure preparation 
includes the creation and maintenance of �re breaks as 
necessary and the removal of brush from around 
community buildings and health-care facilities; identify 
cleaner air shelters, which should include all public 
buildings, including recreation facilities, community 
gathering spaces, health-care facilities, libraries, and 
schools; ensure the locations of cleaner air shelters are 
well communicated to the community. Establish a 
threshold of outdoor air quality, at which public 
buildings,  such as recreation facilities will be open to the 
community without charge.

Ensure all new buildings can cope with 
high smoke burdens while maintaining 
low-risk levels of indoor air pollution; 
repair windows and leaky elements of 
building envelope, upgrade heating 
ventilation air conditioning systems, and 
create a staging area at the entrance to 
buildings. Ensure that these clean air 
shelters are equipped with sensors to track 
particulate matter less than PM2·5 both 
inside and outside.

Aim for a PM2·5 of <30 mcg/m� in clean 
air shelters, understanding that no level 
of PM2·5 is without risk, and that WHO 
24-h target concentration is less than 
15 mcg/m�.72 Low risk: 0–30 mcg/m�; 
moderate risk: 31–60; high risk: 61–100; 
very high risk: >100; monitor indoor air 
quality to track success in achieving the 
above low risk standard, and add 
supplemental air cleaning as required to 
reach PM2·5 of less than 30 mcg/m�.

Take stock of performance of 
building stock and make 
repairs to building envelope 
and upgrade air �ltration 
systems as necessary; and �re 
smart buildings found to be 
overly vulnerable over the 
course of the wild�re season.

Supply chain Ensure in-community bu�er stocks of frequently 
prescribed medications, such as inhalers for asthma and 
chronic obstructive pulmonary disease. These 
medications must be ready to compensate for both 
increased prescription and possible delay in delivery as 
a result of highway blockage and disruption of �ights 
due to smoke or fuel shortages.

Identify new potential sources for key 
equipment and alternative transportation 
routes and strategies in case of 
a disruption of business-as-usual; 
minimise single-use medical supplies in 
favour of reusable options that can be 
processed in the community.

Ensure sta�ng and �exible funding to 
�nd alternate sources of medications 
and supplies as needed.

Review supply chain 
shortages and develop 
alternate plans for next 
wild�re season.

Technologies Develop and maintain regionally integrated health and 
social care records to enable displaced patients to be 
easily tracked and served by possibly displaced sta�.

Ensure back-up power supply for all 
essential technology.

Ensure adequate sta� capacity and 
emergency funds are available to help 
solve technological challenges.

Review technological 
challenges, share lessons 
learned with other 
jurisdictions, and develop 
alternate plans for next 
wild�re season.

Table �: Climate-resilient Infrastructure, technologies, and supply chain
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Mitigation (throughout) Before (preparedness) During (response) Recovery (after)

Community Consider cultural sensitivities and the 
concurrent management of public health 
challenges related to infectious disease, 
substance use, and interpersonal 
violence.

Develop school-based programmes to 
provide children with information on 
climate change, eco-anxiety, actions to 
take, and peer support.

Ensure good communication between o�cial 
and informal parts of the disaster response, 
including linking professional emergency 
management with community service 
organizations, and public health 
communications with local radio.

Conduct population screening and 
surveillance to estimate prevalence of 
mental health conditions to inform 
resource allocation, planning, and 
delivery of interventions; provide 
community outreach services and 
deliver psychological �rst aid, crisis 
counselling, and formal treatment; 
develop comprehensive, long-term 
mental health services in schools, 
workplaces, and health-care facilities.

Primary care 
and 
outpatient 
services

Develop and maintain digital mental 
health programmes for text-based 
interventions. Ensure vulnerable patients 
are paired with family or community 
members who could care for them should 
emergency services and home care 
become overwhelmed, or an evacuation 
take place. Develop a triage framework 
and a plan for implementation before 
wild�re season to enable prioritisation of 
missed appointments during the recovery 
phase.

Re�ll prescriptions for all patients to 
ensure 4–6 weeks of medication are 
available heading into a wild�re season 
in which the potential for evacuation is 
high. Account for likely increased 
medication use by people with asthma 
and chronic obstructive pulmonary 
disease whose symptoms tend to be 
exacerbated by smoke and remind 
patients to put medications in their 
evacuation kits; and review best 
practices for smoky seasons with 
patients in terms of where to access air 
pollution and evacuation-related 
information, and measures to protect 
their family from smoke.

Remain �exible to changes in methods of 
working that might involve shifts to virtual care 
or care administered in other facilities or 
jurisdictions. Attempt to maintain regular 
follow-up appointments as possible during 
times of disruption to minimise delays in care 
and a backlog in cases and visits post-wild�re-
related disruption; go through list of patients 
who were receiving active treatment (eg, 
outpatient intravenous therapy) before the 
evacuation, and those with upcoming 
appointments, to identify who: can wait; can 
wait but need to be prioritised upon reopening; 
or need care arranged at evacuation location. 
This analysis requires a schedule that identi�es 
the practitioner responsible for actioning each 
pathway, with follow-up and contingencies.

Screen patients for mental health 
challenges after  wild�re season; 
maximise a patient-centred and 
creative approach to managing patients 
who experienced delays in care related 
to wild�re season.

Emergency 
department

Ensure emergency department team 
participates in the development of an 
emergency plan and rehearses it via 
simulation; prepare to provide scaled-back 
services even in the case of an evacuation 
to care for emergency service workers and 
�re�ghters.

Stress-test health system capacity for 
increased numbers of potential patients 
including people with major burns, 
motor vehicle collision-related trauma, 
exacerbations of asthma and chronic 
obstructive pulmonary disease, 
myocardial infarction, and mental 
health challenges. Assess medication 
supplies and equipment for transport of 
patients including time to evacuate and 
time to transport.

Consider increasing sta�ng levels if outdoor 
air pollution levels have been high for several 
days; consider isolating hospital ventilation 
systems and enabling recycled air. Ensure sta� 
and patients are provided with well �tted 
N95 masks when PM2·5 >30 mcg/m³.

Screen patients for mental health 
challenges after wild�re season; and 
maximise a patient-centred and 
creative approach to managing patients 
who experienced delays in care related 
to wild�re season.

Hospital-
based

Develop clear pathways for where 
patients will be sent in case of evacuation 
and which transportation modalities will 
be used; best when can be accomplished 
without military assistance, to reduce 
complexity. Ensure hospital team 
participates in the development of an 
emergency plan and rehearses it via 
simulation.

Stress-test health system capacity for 
increased numbers of potential patients 
including people with major burns, 
motor vehicle collision-related trauma, 
exacerbations of asthma and chronic 
obstructive pulmonary disease, 
myocardial infarction, and mental 
health challenges.

Consider isolating hospital ventilation systems 
and enabling recycled air; and ensure sta� and 
patients are provided with well �tted N95 
masks if PM2·5 >30 mcg/m³.

Maximise a patient-centred and 
creative approach to managing patients 
who experienced delays in care related 
to wild�re season.

Climate-
related 
emergency 
preparedness 
and 
management 

Assess potential reception centres and 
relocation sites; consider hospital 
evacuation scenarios on an inter-agency 
basis well before wild�re season; consider 
and manage e�ects on supply chains, 
energy, and transport infrastructure; 
establish and maintain relationships with 
actors at local, regional, and national 
levels that will be required to action plans 
for various contingencies, including 
tourism operators, commercial entities, 
and military response units; and ensure 
shelters are identi�ed and that plans exist 
to ensure personal and cultural safety of 
evacuated populations.

Conduct all-hazard vulnerability 
assessments for health systems; design 
and conduct drills that simulate patient 
surge due to smoke and wild�re-related 
evacuation of health facilities; for 
hospitals at high risk of evacuation, 
identify likely receiving hospitals in 
case of evacuation and work towards 
inter-operative patient medical 
records, virtual care capabilities, and 
trans-jurisdictional licensure for sta� to 
ensure patients can be as well served as 
possible and evacuated sta� have the 
best chance of being able to ensure 
continuity of care.

Be aware of sta� stress due to increasing and 
repeated wild�re seasons and be ready to 
provide relief.

Ensure phased re-entry after an 
evacuation in which a community is 
�rst evaluated for safety, water, sewage, 
groceries, and the sustainability of 
health-care delivery.

Table �: Health service delivery and emergency preparedness and management
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for public spending.108 The creation of cabinet-level 
inter-ministerial bodies focused on planetary health 
and disaster response that have strong lines of com-
munication with senior decision makers and access to 
funds allocated for rapid relief during disasters can help 
ensure well coordinate reponses to wild�res and other 
natural hazards.

Internationally, the Paris Agreement on Climate 
Change recognises the necessity for �nancial 
contributions by high-income countries to help fund 
both mitigation and adaptation in low-income and 
middle-income countries, which have produced less 
greenhouse gas emissions and yet are seeing many of 
the �rst and worst e�ects.109 These issues exacerbate 
health system disparities related to colonialism, which 
have resulted in net extraction of resources by high-
income countries.110 Priority should be given to climate 
justice-aligned work that seeks to operationalise new 
funding arrangements related to loss and damage, and 
mobilise resources including through multilateral 
development banks, and existing multilateral funds.74

Although adaptation funding commitments remain 
grossly inadequate, fossil fuel subsidies persist.111 The 
health sector must develop a coordinated approach to 
policy, communications and advocacy since the fossil 
fuel sector currently has vastly more representatives 
at international climate negotiations than the health 
sector, and out-lobbies environmental non-governmental 
organ  isations by a ratio of 5:1 at the federal level in 
Canada.111

Driving healthy adaptation necessitates enhanced 
health sector capacity with regards to policy development 
and in�uence, something that requires funding and 
institutional support from universities and other bodies 
with an interest in translating evidence into action.112 
Health professionals might need to advocate for 
improved housing or portable air �lters for vulnerable 
patients or for upgraded HVAC systems in public 
buildings, which can have the additive bene�t of reducing 
viral loads during respiratory virus season. Advancement 
structures within academia must be realigned to enhance 
incentives to work towards reaching of real-world e�ect 
in service of planetary health beyond data generation and 
situation analysis.112 The disaster medicine community 
has been response-focused, which is a key reactive skill 
set. Their lived experience needs now to be proactively 
and purposefully funnelled back into policy planning in 
an era of increasing disasters.

We must break down silos to save lives. Through this 
Review we hope to have provided a brie�ng for front-line 
health professionals on the major health and health 
systems challenges associated with wild�res, and 
a framework to inform their response. We envision this 
work as an initial contribution to help close the gap 
between need and delivery and contribute to the 
development of a validated tool to inform a healthy 
response to extreme wild�res.

Conclusions
Severe wild�res a�ect physical and mental health of 
people both at the site of �re and in distant places. 
Temperature and precipitation projections predict an 
escalating global wild�re threat that demands proactive, 
multi-sectoral e�orts to protect public health. Actors with 
a role in wild�re response must collaborate across 
borders, sectors, and skillsets to evaluate vulnerabilities, 
fortify infrastructure, integrate disaster planning, train 
workforces, accelerate research, provide mental health 
care, engage commu nities, and increase adaptation 
funding. Communities should enhance social cohesion 
to boost resilience. Health systems should prepare 
facilities to enhance readiness, partner with communi-
ties, and advise at-risk patients. Academic institutions 
should prioritise climate change in health curricula 
(eg in medical school, nursing, public health, and health-
care administration) and drive solution-focused research, 
policy development, communications, and advocacy. 
Governments must integrate climate considerations into 
health policy and planning. Global leaders must support 
climate adaptation in a�ected nations. Wild�res will 
worsen, but collective action can mitigate their harms. 
All of society must work creatively and courageously to 
conquer the wild�re threat and safeguard our future.

Contributors
AJH and CH led the project, provided oversight, reviewed the literature, 
wrote the �rst draft, and coordinated edits. CS, JR, EE, SH, JT, and GC 
contributed content and edits.

Declaration of interests
We declare no competing interests.

Acknowledgments
We would like to thank Katie Kessler for contributing insight based on 
lived experience of managing a territorial evacuation due to wild�res, 
and Sarah West for her beautiful graphic design. The Beth Israel 
Deaconess Medical Center Fellowship in Disaster Medicine contributed 
�nancial support for publication fees related to this project.

References
1 Romanello M, Napoli CD, Green C, et al. The 2023 report of the 

Lancet Countdown on health and climate change: the imperative for 
a health-centred response in a world facing irreversible harms. 
Lancet 2023; 402: 2346–94.

2 Zhuang Y, Fu R, Santer BD, et al. Quantifying contributions of 
natural variability and anthropogenic forcings on increased �re 
weather risk over the western United States. Proc Natl Acad Sci USA 
2021; 118: e2111875118.

3 McKay DIA, Stall A, Abrams JF, et al. Exceeding 1·5°C global 
warming could trigger multiple climate tipping points. Science 
2022; 377: eabn7950.

4 Tymstra C, Stocks BJ, Cai X, Flannigan MD. Wild�re management 
in Canada: review, challenges and opportunities. Prog Disaster Sci 
2020; 1: 100045.

5 Sawyer D, Stiebert S, Welburn C. With the forest ablaze, the health 
costs hit home. 2023. Canadian Climate Institute. https://
climateinstitute.ca/with-the-forest-ablaze-the-health-costs-hit-home/
(accessed July 4, 2024).

6 Dahl KA, Abatzoglou JT, Phillips CA, et al. Quantifying the 
contribution of major carbon producers to increases in vapor 
pressure de�cit and burned area in western US and southwestern 
Canadian forests. Environ Res Lett 2023; 18: 064011.

7 WHO. WHO General Programme of Work 2025–2028 prioritizes 
climate change and health. 2024. https://www.who.int/news/
item/28-05-2024-who-general-programme-of-work-2025-2028-
prioritizes-climate-change-and-health (accessed July 4, 2024).



www.thelancet.com/planetary-health   Vol 8   August 2024 e600

Review

8 WHO. Alliance for Transformative Action on Climate and Health 
(ATACH). 2023. https://www.who.int/initiatives/alliance-for-
transformative-action-on-climate-and-health/country-commitments 
(accessed Sept 29, 2023).

9 WHO. COP 28 UAE declaration on climate and health. https://
www.who.int/publications/m/item/cop28-uae-declaration-on-
climate-and-health (accessed July 4, 2024).

10 Omrani OE, Dafallah A, Paniello Castillo B, et al. Envisioning 
planetary health in every medical curriculum: an international 
medical student organization’s perspective. Med Teach 2020; 
42: 1107–11.

11 Kotcher J, Maibach E, Miller J, et al. Views of health professionals 
on climate change and health: a multinational survey study. 
Lancet Planet Health 2021; 5: e316–23.

12 Romanello M, Di Napoli C, Drummond P, et al. The 2022 report of 
the Lancet Countdown on health and climate change: health at the 
mercy of fossil fuels. Lancet 2022; 400: 1619–54.

13 UN Environment Programme. Adaptation gap yoo little, too slow. 
Climate adaptation failure puts world at risk. 2022. https://www.
unep.org/resources/adaptation-gap-report-2022 (accessed 
July 4, 2024).

14 Gagnon W, Liu MC, Bhargava S, Kennington A. Calling for 
engineering curricula that address the climate emergency: a brief 
case study of civil engineering programs. 5th International 
Conference on Building Energy and Environment July 25–29, 2024 
(abstr).

15 Williams O. What happens inside a hospital when a city evacuates? 
Cabin Radio. 2023. https://cabinradio.ca/154424/news/yellowknife/
what-happens-inside-a-hospital-when-a-city-evacuates/(accessed 
July 4, 2024).

16 Hampshire G. Hospital heroes get patients to safety during 
Fort McMurray �re: 17 buses took 105 patients to safety in 
dramatic evacuation. 2016. https://ca.news.yahoo.com/hospital-
heroes-patients-safety-during-212800651.html (accessed 
July 4, 2024).

17 WHO. Operational framework for building climate resilient and 
low carbon health systems. 2023. https://www.who.int/
publications/i/item/9789240081888 (accessed July 4, 2024).

18 Liu JC, Pereira G, Uhl SA, Bravo MA, Bell ML. A systematic review 
of the physical health impacts from non-occupational exposure to 
wild�re smoke. Environ Res 2015; 136: 120–32.

10 Reid CE, Brauer M, Johnston FH, Jerrett M, Balmes JR, Elliott CT. 
Critical review of health impacts of wild�re smoke exposure. 
Environ Health Perspect 2016; 124: 1334–43.

20 Skinner R, Luther M, Hertelendy AJ, et al. A literature review on 
the impact of wild�res on emergency departments: enhancing 
disaster preparedness. Prehosp Disaster Med 2022; 37: 657–64.

21 Moloney J. Black Saturday: the personal recollection of a doctor 
working during the worst bush�re in Australian history. 
Nurs Health Sci 2009; 11: 360–61.

22 Marris E. Hawaii wild�res: did scientists expect Maui to burn? 
Nature 2023; 620: 708–09.

23 Smith M. Inside Hawaii’s only burn unit, a crush of Maui victims. 
New York Times. August 16, 2023. https://www.nytimes.
com/2023/08/15/us/maui-�re-hawaii-burn-unit.html (accessed 
July 4, 2024).

24 Cascio WE. Wildland �re smoke and human health. 
Sci Total Environ 2018; 624: 586–95.

25 Burke M, Driscoll A, Heft-Neal S, Xue J, Burney J, Wara M. 
The changing risk and burden of wild�re in the United States. 
Proc Natl Acad Sci USA 2021; 118: e2011048118.

26 Schweizer D, Cisneros R, Traina S, Ghezzehei TA, Shaw G. Using 
national ambient air quality standards for �ne particulate matter to 
assess regional wildland �re smoke and air quality management. 
J Environ Manage 2017; 201: 345–56.

27 Reid JS, Koppmann R, Eck TF, Eleuterio DP. A review of 
biomass burning emissions part II: intensive physical properties 
of biomass burning particles. Atmos Chem Phys 2005;  
5: 799–825.

28 Xu L, Crounse JD, Vasquez KT, et al. Ozone chemistry in western 
U.S. wild�re plumes. Sci Adv 2021; 7: eabl3648.

29 Wea H. The impacts of transported wild�re smoke aerosols on 
surface air quality in New York State: a case study in summer 2018. 
Atmos Environ 2020; 227: 117415.

30 Aiken A, Benedict K, Lee JKW, et al. Wildland-urban interface (WUI) 
airborne toxic emissions of formaldehyde and aerosols from urban 
fuels. 2021. https://climateadaptation.ucdavis.edu/sites/g/�les/
dgvnsk8401/�les/inline-�les/Allison%20Aiken%20and%20Katie%20
Benedict%20PPT%20Slides%20%281%29.pdf (accessed July 4, 2024).

31 Reisen F, Hansen D, Meyer CP. Exposure to bush�re smoke during 
prescribed burns and wild�res: �re�ghters’ exposure risks and 
options. Environ Int 2011; 37: 314–21.

32 Yao J, Brauer M, Ra�use S, Henderson SB. Machine learning 
approach to estimate hourly exposure to �ne particulate matter for 
urban, rural, and remote populations during wild�re seasons. 
Environ Sci Technol 2018; 52: 13239–49.

33 Gupta P, Doraiswamy P, Levy R, et al. Impact of California �res on 
local and regional air quality: the role of a low-cost sensor network 
and satellite observations. Geohealth 2018; 2: 172–81.

34 Botrchers AN, Horsley JA, Palmer AJ, et al. Association between 
�re smoke �ne particulate matter and asthma-related outcomes: 
systematic review and meta-analysis. Environ Res Lett 2019; 
179: 108777.

35 Aguilera R, Corringham T, Gershunov A, et al. Wild�re smoke 
impacts respiratory health more than �ne particles from other 
sources: observational evidence from Southern California. 
Nat Commun 2021; 12: 1493.

36 Chen H, Samet JM, Bromberg PA, et al. Cardiovascular health 
impacts of wild�re smoke exposure. Part Fibre Toxicol 2021; 18: 2.

37 Yao J, Brauer M, Wei J, et al. Sub-daily exposure to �ne 
particulate matter and ambulance dispatches during wild�re 
seasons: a case-crossover study in British Columbia, Canada. 
Environ Health Perspect 2020; 128: 67006.

38 Xi Y, Kshirsagar AV, Wade TJ, et al. Mortality in US hemodialysis 
patients following exposure to wild�re smoke. J Am Soc Nephrol 
2020; 31: 1824–35.

39 Cleland SC, Lauren HW, Wei L, et al. Short-term exposure to 
wild�re smoke and PM2·5 and cognitive performance in 
a brain-training game: a longitudinal study of U.S. adults. 
Environ Health Perspect; 130: 1–12.

40 Korsiak J, Pinault L, Christidis T, Burnett RT, Abrahamowicz M, 
Weichenthal S. Long-term exposure to wild�res and cancer 
incidence in Canada: a population-based observational cohort study. 
Lancet Planet Health 2022; 6: e400–09.

41 Yu P, Guo Y, Gao CX, et al. Impacts of high concentration, medium 
duration coal mine �re related PM2·5 on cancer incidence: 5-year 
follow-up of the Hazelwood Health Study. Environ Health Insights 
2021; 15: 11786302211059722.

42  Blando J, Allen M, Galadima H, Tolson T, Akpinar-Elci M, 
Szklo-Coxe M. Observations of delayed changes in respiratory 
function among allergy clinic patients exposed to wild�re smoke. 
Int J Environ Res Public Health 2022; 19: 1241.

43 Landguth EL, Holden ZA, Graham J, et al. The delayed e�ect of 
wild�re season particulate matter on subsequent in�uenza season in 
a mountain west region of the USA. Environ Int 2020; 139: 105668.

44 Zhang B, Weuve J, Langa KM, et al. Comparison of particulate air 
pollution from di�erent emission sources and incident dementia 
in the US. JAMA Intern Med 2023; 183: 1080–89.

45 Amjad S, Chojecki D, Osornio-Vargas A, et al. Wild�re exposure 
during pregnancy and the risk of adverse birth outcomes: 
a systematic review. Environ Int 2021; 156: 106644.

46 Abdo M, Ward I, O’Dell K, et al. Impact of wild�re smoke on 
adverse pregnancy outcomes in Colorado, 2007–2015. 
Int J Environ Res Public Health 2019; 16: 16.

47 Requia WJ, Amini H, Adams MD, et al. Birth weight following 
pregnancy wild�re smoke exposure in more than 1·5 million 
newborns in Brazil: a nationwide case-control study. 
Lancet Reg Health Am 2022; 11: 100229.

48 Holstius DM, Reid CE, Jesdale BM, Morello-Frosch R. Birth weight 
following pregnancy during the 2003 Southern California wild�res. 
Environ Health Perspect 2012; 120: 1340–45.

49 Melody SM, Ford JB, Wills K, et al. Maternal exposure to �ne 
particulate matter from a large coal mine �re is associated with 
gestational diabetes mellitus: a prospective cohort study. Environ Res 
2020; 183: 108956.

50 Heft-Neal S, Driscoll A, Yang W, et al. Associations between wild�re 
smoke exposure during pregnancy and risk of preterm birth 
in California. Environ Res 2021; 203: 111872.



e601 www.thelancet.com/planetary-health   Vol 8   August 2024

Review

51 Jayachandran S. Air quality and early-life mortality evidence from 
Indonesia’s wild�res. J Hum Resour 2009; 44: 916–54.

52 Lan Q, Weinberger K, Luke S, et al. Prenatal exposure to 
wild�re-related PM2·5 and respiratory infections by age 1 year: 
a population-based case-control analysis of critical developmental 
windows. medRxiv 2023; published online Sept 10. https://doi.
org/10·1101/2023.09.09.23295304 (preprint).

53 Black C, Gerriets JE, Fontaine JH, et al. Early life wild�re smoke 
exposure is associated with immune dysregulation and lung 
function decrements in adolescence. Am J Respir Cell Mol Biol 2017; 
56: 657–66.

54 Jea B. Wild�re smoke exposure during infancy results in increased 
proin�ammatory cytokine responses, impared lung function, and 
transgenerational immune e�ects. Wild�re, Biomass, and World 
Trade Center Exposures; May 19, 2019 (abstr).

55 Willis GA. Respiratory and atopic conditions in children two to 
four years after the 2014 Hazelwood coalmine �re. Med J Aust 2020; 
213: 269–75.

56 Agyapong VIO, Hrabok M, Juhas M, et al. Prevalence rates and 
predictors of generalized anxiety disorder symptoms in residents of 
Fort Mcmurray six months after a wild�re. Front Psychiatry 2018; 
9: 345.

57 Belleville G, Ouellet MC, Morin CM. Post-traumatic stress among 
evacuees from the 2016 Fort McMurray wild�res: exploration of 
psychological and sleep symptoms three months after the 
evacuation. Int J Environ Res Public Health 2019; 16: 1604.

58 Binet É, Ouellet MC, Lebel J, et al. A portrait of mental health 
services utilization and perceived barriers to care in men and 
women evacuated during the 2016 Fort McMurray wild�res. 
Adm Policy Ment Health 2021; 48: 1006–18.

59 Adu MK, Eboreime E, Shalaby R, et al. Five years after the Fort 
McMurray wild�re: prevalence and correlates of low resilience. 
Behav Sci 2022; 12: 96.

60 Clayton S, Maning C, Krygsman K, et al. Mental health and our 
changing climate: impacts, implications, and guidance. 2017. 
https://www.apa.org/news/press/releases/2017/03/mental-health-
climate.pdf (accessed July 4, 2024).

61 Leger-Goodes T, Malboeuf-Hurtubise C, Mastine T, et al. Eco-anxiety 
in children: a scoping review of the mental health impacts of the 
awareness of climate change. Front Psychol 2022; 13: 872544.

62 Nelson R. US wild�res and mental illness stress health systems. 
Lancet 2020; 396: 1546–47.

63 To P, Eboreime E, Agyapong VIO. The impact of wild�res on 
mental health: a scoping review. Behav Sci 2021; 11: 126.

64 Dodd W, Scott P, Howard C, et al. Lived experience of a record 
wild�re season in the Northwest Territories, Canada. 
Can J Public Health 2018; 109: 327–37.

65 Pihkala P. The process of eco-anxiety and ecological grief: 
a narrative review and a new proposal. Sustainability 2022; 
14: 16628.

66 Corvalan C, Villalobos Prats E, Sena A, et al. Towards climate 
resilient and environmentally sustainable health care facilities. 
Int J Environ Res Public Health 2020; 17: 8849.

67 Enright PL, Berry P, Paterson J, et al. Climate Change and Health 
Vulnerability and Adaptation Assessment: workbook for the 
Canadian Health Sector. Ottawa, Ontario: Health Canada, 2022. 
https://www.canada.ca/en/health-canada/services/publications/
healthy-living/climate-health-adapt-vulnerability-adaptation-
assessments-workbook.html (accessed July 4, 2024).

68 Guenther R, Balbus J. Primary protection: enhancing health care 
resilience for a changing climate. US Department of Health and 
Human Services, 2014. https://toolkit.climate.gov/sites/default/
�les/SCRHCFI%20Best%20Practices%20Report%20�nal2%20
2014%20Web.pdf (accessed July 4, 2024).

69 Manchikati S, Solomon A. Safe from wild�re smoke. UNICEF 
Healthy Environments for Healthy Children, 2023. https://www.
unicef.org/media/156676/�le/safe-from-wild�re-smoke.pdf.pdf 
(accessed July 4, 2024).

70 UN. Sendai framework for disaster risk reduction 2015–2030. 2015. 
http://www.undrr.org/publication/sendai-framework-disaster-risk-
reduction-2015-2030 (accessed July 4, 2024).

71  Khan Y, O’Sullivan T, Brown A, et al. Public health emergency 
preparedness: a framework to promote resilience. BMC Public Health 
2018; 18: 1344. 

72 Government of British Columbia. British Columbia emergency 
management system. 2016. https://www2.gov.bc.ca/assets/gov/
public-safety-and-emergency-services/emergency-preparedness-
response-recovery/embc/bcems/bcems_guide.pdf (accessed 
July 4, 2024).

73 Northern Inter-Tribal Health Authority. Northern Inter-Tribal Health 
Authority: emergency preparedness guide for community 
members. 2021. https://www.nitha.com/wp-content/
uploads/2021/07/EMERGENCY-PREPAREDNESS-GUIDE-July-2021.
pdf (accessed July 4, 2024).

74 WHO S-SWHA. Climate change and health. 2024. https://www.who.
int/news-room/events/detail/2024/06/01/default-calendar/climate-
change-and-health-a-global-vision-for-joint-action (accessed 
July 4, 2024).

75 Ma AL, Loughland MED, Lapcharoensap W, et al. California and 
Oregon NICU wild�re disaster preparedness tools. Children 2021; 
8: 465.

76 Ebi KL, Berry P, Hayes K, et al. Stress testing the capacity of health 
systems to manage climate change-related shocks and stresses. 
Int J Environ Res Public Health 2018; 15: 2370.

77 Brey SJ, Ruminski M, Atwood SA, Fischer EV. Connecting smoke 
plumes to sources using Hazard Mapping System (HMS) smoke and 
�re location data over North America. Atmos Chem Phys 2018; 
18: 1745–61.

78 Val Martin M, Heald C, Ford B, Prenni AJ, Wiedinmyer C. A decadal 
satellite analysis of the origins and impacts of smoke in Colorado. 
Atmos Chem Phys 2013; 13: 7429–39.

79 Hoyt KS, Gerhart AE. The San Diego County wild�res: perspectives 
of healthcare providers [corrected].Disaster Manag Response 2004; 
2: 46–52.

80 Nguyen PDM, Martinussen N, Mallach G, et al. Using low-cost 
sensors to assess �ne particulate matter in�ltration (PM2·5) during 
a wild�re smoke episode at a large inpatient healthcare facility. 
Int J Environ Res Public Health 2021; 18: 9811.

81 Yao J, Stieb DM, Taylor E, et al. Assessment of the Air Quality Health 
Index (AQHI) and four alternate AQHI-Plus amendments for 
wild�re seasons in British Columbia. 
Can J Public Health 2020; 111: 96–106.

82 Xu R, Yu P, Abramson MJ, et al. Wild�res, global climate change, 
and human health. N Engl J Med 2020; 383: 2173–81.

83 Rybasack-Smith H. Wildland �res and the wildland-urban interface. 
Ciottone’s disaster medicine, 3rd edn, London: Elsevier: 
2024: 897–900.

84 Schulze SS, Fischer EC, Hamideh S, Mahmoud H. Wild�re impacts 
on schools and hospitals following the 2018 California Camp Fire. 
Nat Hazards 2020; 1: 901–25.

85 Bedi NS, Dresser C, Yadav A, Schroeder A, Balsari S. Wild�re threat to 
inpatient health care facilities in California, 2022. Am J Public Health 
2023; 113: 555–58.

86 Ebi KL, Vanos J, Baldwin JW, et al. Extreme weather and climate 
change: population health and health system implications. 
Annu Rev Public Health 2021; 42: 293–315.

87 Agyapong B, Shalaby R, Eboreime E, et al. Cumulative trauma from 
multiple natural disasters increases mental health burden on 
residents of Fort McMurray. Eur J Psychotraumatol 2022; 13: 2059999.

88 Agyapong B, Eboreime E, Shalaby R, et al. Mental health impacts 
of wild�re, �ooding and COVID-19 on Fort McMurray School 
board sta� and other employees: a comparative study. 
Int J Environ Res Public Health 2021; 19: 435.

89 Sanson AV, Van Hoorn J, Burke SE. Responding to the impacts of the 
climate crisis on children and youth. Child Dev Perspect 2019; 
13: 201–07.

90 Nicholls K, Picou SJ, McCord SC. Training community health 
workers to enhance disaster resilience. J Public Health Manag Pract 
2017; 23 (suppl): S78–84.

91 Adepoju P. Africa turns to telemedicine to close mental health gap. 
Lancet Digit Health 2020; 2: e571–72.

92 Eboreime E, Hertelendy AJ, Ezeonu NA, et al. How mobile 
applications can support mental health response in disasters: 
a scoping review. JMIR Preprints 2023; 13.

93 Montesanti S, Fitzpatrick K, Azimi T, McGee T, Fayant B, Albert L. 
Exploring Indigenous ways of coping after a wild�re disaster 
in Northern Alberta, Canada. Qual Health Res 2021; 31: 1472–85.



www.thelancet.com/planetary-health   Vol 8   August 2024 e602

Review

94 Leppold C, Gibbs L, Block K, Reifels L, Quinn P. Public health 
implications of multiple disaster exposures. Lancet Public Health 
2022; 7: e274–86.

95 National Collaborating Centre for Environmental Health and 
National Collaborating Centre for Methods and Tools. Rapid review: 
what is the e�ectiveness of public health interventions on reducing 
the direct and indirect impacts of wild�res? 2023. https://www.
nccmt.ca/rapid-evidence-service/59#:~:text=There%20is%20
limited%20evidence%20evaluating,executing%20evacuation%20
orders%20and%20staying (accessed July 4, 2024).

96 Shepherd P, Sime JD. Occupant response shelter evacuation model. 
Executive, Health & Safety Contract Research Report 162/199, 
Electrowatt Engineering and Jonathan Sime Associates. Sudbury: 
HSE Books, 2021. 

97 Scanlon J. Evacuations and Shelter. In: College EP, ed. Wild�re 
impacts on schools and hospitals following the 2018 California 
Camp Fire. Easingwood, UK, 1992: 48–51.

98 Shimada Y, Nomura S, Ozaki A, et al. Balancing the risk of the 
evacuation and sheltering-in-place options: a survival study following 
Japan’s 2011 Fukushima nuclear incident. BMJ Open 2018; 8: e021482.

99 Fitzpatrick KM, Wild TC, Pritchard C, et al. Health systems 
responsiveness in addressing Indigenous residents’ health and 
mental health needs following the 2016 Horse River wild�re in 
Northern Alberta, Canada: perspectives from health service 
providers. Front Public Health 2021; 9: 723613.

100 Wut TM, Xu JB, Wong SM. Crisis management research 
(1985–2020) in the hospitality and tourism industry: a review and 
research agenda. Tour Manage 2021; 85: 104307.

101 Carroll L. N.W.T. says no �nancial aid for evacuees who organized 
own travel, accomodations. 2023. https://www.cbc.ca/news/canada/
north/nwt-wild�re-update-august-21-2023-1.6943142 (accessed 
July 4, 2024).

102 Palmer J, Ku M, Wang H, et al. Public health emergency and 
psychological distress among healthcare workers: a scoping review. 
BMC Public Health 2022; 22: 1396.

103 Haldane V, De Foo C, Abdalla SM, et al. Health systems resilience 
in managing the COVID-19 pandemic: lessons from 28 countries. 
Nat Med 2021; 27: 964–80.

104 Olafsdottir AE, Allotey P, Reidpath DD. A health system in 
economic crises: a case study from Iceland. Scand J Public Health 
2013; 41: 198–205.

105 Wul� K, Donato D, Lurie N. What is health resilience and how can 
we build it? Annu Rev Public Health 2015; 36: 361–74.

106 North CS, Pfe�erbaum B. Mental health response to community 
disasters: a systematic review. JAMA 2013; 310: 507–18.

107 Brown MRG, Agyapong V, Greenshaw AJ, et al. Correction to: After 
the Fort McMurray wild�re there are signi�cant increases in mental 
health symptoms in grade 7–12 students compared to controls. 
BMC Psychiatry 2019; 19: 97.

108 Mazzucato M. Final report of the WHO Council on the Economics 
of Health for All. 2023. https://www.who.int/publications/i/
item/9789240080973 (accessed July 4, 2024).

109 Conference of the Parties. Paris agreement. 2015. https://www.
un.org/en/climatechange/paris-agreement (accessed July 4, 2024).

110 Hickel J. The divide: global inequality from conquest to free 
markets. London: Penguin Random House, 2018.

111 Carter AV, Dordi T. Correcting Canada’s “one eye shut” climate 
policy. Cascade Institute, 2021. https://cascadeinstitute.org/wp-
content/uploads/2021/04/Carter-Dordi-Canadas-one-eye-shut-
climate-policy-1.1-April-16.pdf (accessed July 4, 2024).

112 Myers SS, Pivor JI, Saraiva AM. The São Paulo declaration on 
planetary health. Lancet 2021; 398: 1299. 

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an 
Open Access article under the CC BY-NC 4.0 license.


