
Managing the health risks of climate change

Kristie L. Ebi, Ph.D., MPH



Haines & Ebi 2019

IPCC 2022



Key conclusions of the IPCC 2022 chapter on human health

Observed impacts: climate 
change is adversely affecting the 
physical health of people globally 
and mental health of people in 
assessed regions
• Extreme heat events
• Vector-borne and zoonotic 

diseases 
• Water and food-borne diseases 
• Some mental health challenges
• Health services disrupted by 

extreme events such as floods

Projected risks
• Extreme events 

• Population exposure to heatwaves: 
increase with additional warming, 
strong geographical differences in 
heat-related mortality

• Food-borne, water-borne, and 
vector-borne diseases: increase 
under all levels of warming 
without additional adaptation

• Mental health (including anxiety 
and stress): increase in assessed 
regions



Exposure and 
vulnerability vary 

across populations

US NCA4 2018

US NCA5 2023



USD 93 billion 
disaster losses in 

2023

28 separate events

492 direct or 
indirect fatalities

>47,000 died in 
heatwaves in Europe

2023 significant economic loss events



Physiological pathways of human health strain

Ebi et al. 2021



Exposure of vulnerable populations to heatwaves

• In 2013-2022, infants (children younger than 1) and people 
older than 65 years experienced, on average 108% more 
heatwave days than compared with 1986-2005

• Compared with 1986-2005, the number of heatwave days 
increased 94% globally
– For infants, an increase of 4.4 days per year on average
– For adults over 65 years, an increase of 4.8 days per year on average

• Combined with demographic changes, total person-days of 
exposure increased 134% for infants and 228% for older 
adults

2023 Report of  the Lancet Countdown



https://www.worldweatherattribution.org

https://www.worldweatherattribution.org/


Jay et al. 2021





Biophysical influences on dengue ecology showing the interactions 
between climate variables, vectors, and the virus 

Morin et al. 2013 



Spatiotemporal 
spread of human 

Lyme disease 
incidence, 2010-

2016, three public 
health units in 

Eastern Ontario

Kulkarni et al. 2019



IPCC WGI 2021



Projected annual heat-related deaths in 2091-2099

No adaptation; high emissions No adaptation; low emissions

Adaptation; high emissions Adaptation; low emissions

Shindell et al. 2020



IPCC 2022



Higher CO2 concentrations alter the 
nutritional quality of C3 plants

– Protein (〰 -10%)
– B-vitamins (on 

average 〰 -30%)
– Micronutrients       

(〰 -5%)

CO2 promotes 
plant growth

Malnutrition
“Hidden 
Hunger” 

More 
carbohydrates

Less protein 
and essential 

micronutrients



Cascading 
global 

climate 
failures

epistemic risks are serious concerns for public health cri-
ses (84) and have already hindered climate action. A high-
level and simplified depiction of how risk cascades could
unfold is provided in Fig. 3.

Integrated Catastrophic Assessments. Climate change will
unfold in a world of changing ecosystems, geopolitics, and
technology. Could we even see “warm wars”—technologically
enhanced great power conflicts over dwindling carbon
budgets, climate impacts, or SRM experiments? Such
developments and scenarios need to be considered to
build a full picture of climate dangers. Climate change
could reinforce other interacting threats, including rising
inequality, demographic stresses, misinformation, new
destructive weapons, and the overshoot of other plane-
tary boundaries (85). There are also natural shocks, such
as solar flares and high-impact volcanic eruptions, that
present possible deadly synchronicities (86). Exploring
these is vital, and a range of “standardized catastrophic
scenarios” would facilitate assessment.

Expert elicitation, systems mapping, and participatory
scenarios provide promising ways of understanding such
cascades (73). There are also existing research agendas for
some of these areas that could be funded (87).

Integration can be approached in several ways. Metare-
views and syntheses of research results can provide useful
data for mapping the interactions between risks. This
could be done through causal mapping, expert elicitation,
and agent-based or systems dynamics modeling approaches.
One recent study mapped the evidence base for relation-
ships between climate change, food insecurity, and contribu-
tors to societal collapse (mortality, conflict, and emigration)
based on 41 studies (88).

A particularly promising avenue is to repurpose exist-
ing complex models to study cascading risks. The result-
ing network could be “stress tested” with standardized
catastrophic scenarios. This could help estimate which
areas may incur critical shortages or disruptions, or
drastic responses (such as food export bans). Complex
models have been developed to help understand past
large-scale systemic disasters, such as the 2007–2008
global financial crisis (89). Some of these could be repur-
posed for exploring the potential nature of a future global
climate crisis.

Systems failure is unlikely to be globally simultaneous;
it is more likely to begin regionally and then cascade up.
Although the goal is to investigate catastrophic climate risk
globally, incorporating knowledge of regional losses is
indispensable.

The potentially catastrophic risks of climate change are
difficult to quantify, even within models. Any of the above-
mentioned modeling approaches should provide a greater
understanding of the pathways of systemic risk, and rough
probabilistic guides. Yet the results could provide the
foundation for argumentation-based tools to assess the
potential for catastrophic outcomes under different levels
of temperature rise (90). These should be fed into open
deliberative democratic methods that provide a fair,
inclusive, and effective approach to decision-making (91).
Such approaches could draw on decision-making tools
under uncertainty, such as the minimax principle or

ranking decisions by the weighted sum of their best and
worst outcomes, as suggested in the Dasgupta review of
biodiversity (92).

An IPCC Special Report on Catastrophic
Climate Change

The IPCC has yet to give focused attention to catastrophic
climate change. Fourteen special reports have been pub-
lished. None covered extreme or catastrophic climate
change. A special report on “tipping points” was proposed
for the seventh IPCC assessment cycle, and we suggest
this could be broadened to consider all key aspects of cat-
astrophic climate change. This appears warranted, follow-
ing the IPCC’s decision framework (93). Such a report could
investigate how Earth system feedbacks could alter tem-
perature trajectories, and whether these are irreversible.

A special report on catastrophic climate change could
help trigger further research, just as the “Global warming of
1.5 °C” special report (94) did. That report also galvanized a
groundswell of public concern about the severity of impacts
at lower temperature ranges. The impact of a report on cata-
strophic climate change could be even more marked. It could
help bring into focus how much is at stake in a worst-case
scenario. Further research funding of catastrophic and
worst-case climate change is critical.

Fig. 3. Cascading global climate failure. This is a causal loop diagram, in
which a complete line represents a positive polarity (e.g., amplifying feed-
back; not necessarily positive in a normative sense) and a dotted line
denotes a negative polarity (meaning a dampening feedback). See SI
Appendix for further information.

PNAS 2022 Vol. 119 No. 34 e2108146119 https://doi.org/10.1073/pnas.2108146119 7 of 9
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Kemp et al. 2022

• Extreme temperatures, 
droughts leading to 
crop failures and 
undernutrition 
increasing vulnerability 
to infectious diseases

• Floods, storms, and 
droughts leading to 
displacement 
increasing infectious 
disease outbreaks, 
including dengue and 
leishmaniasis

Semenza et al. 2022



Effective adaptation options include

• Strengthening the resiliency of health systems
• Protect against exposure to climate hazards, particularly for those at 

highest risk
• Heat Action Plans that include early warning and response systems

• Improve access to potable water, reducing exposure of water and 
sanitation systems to flooding and extreme weather and climate 
events, and improving early warning systems

• For mental health, improve surveillance, access to mental health 
care, and monitoring of psychosocial impacts from extreme weather 
and climate events

• Integrated adaptation approaches that mainstream health into food, 
livelihoods, social protection, infrastructure, water and sanitation 
policies

**  Major constraint is limited investment



National health and climate change strategies

• In 2021, 49 of 95 countries reported 
having a national health and climate 
change strategies or plans in place
– 48 had completed a V&A
– Of which, 18 reported that the findings 

strongly influenced health policy
– Only 9 reported that the findings 

strongly influenced resource allocation
– Implementation remains a challenge, as 

well as equity issues – e.g., inclusion of 
gender considerations is limited

2022 Report of  the Lancet Countdown; 2021 WHO Health and Climate Change Global Survey



Co-benefits – early health gains from wise climate 
moves

Shifting 5% of short urban car trips 
to bicycles in New Zealand would 
save annually
- 22 million liters of fuel
- 116 deaths due to increased 

physical activity (vs. 5 extra road 
crash deaths)

- $200 million in health costs

ANZJPH 2011





Mental Health Impacts of Climate 
Change: An Overview

Susan Clayton
Presentation for the Northwest Mental Health Technology Transfer Center 

29 August 2024



How does 
climate change 
affect mental 
health?



Thinking broadly about 
climate change

• Acute events
• Storms, wildfires, floods

• Chronic changes
• Increased heat, rising sea levels, 

changing patterns of precipitation, 
loss of biodiversity, impaired air quality

• Indirect impacts
• Displacement, threats to physical 

health, threats to economic wellbeing
• Impacts of perceptions

• Existential anxiety about an uncertain 
future



Acute impacts: 
extreme weather 
events
• PTSD, depression, general anxiety

• Suicide 

• Misuse of drugs and alcohol

• Sleep disorders

• Domestic and interpersonal 
violence



E.g., 2017’s 
Hurricane Maria in 
Puerto Rico
More than 1/5th needed mental 
health services 

13% increased use of medication 
for emotional problems

Suicide increased by 18%

The rate of PTSD doubled



Impacts of wildfire

Among those directly exposed in the 
California Camp fire of 2018:
• 3x rate of PTSD
• 1.5-2x rate of anxiety and depression
Indirect exposure also predicted increased 
levels of anxiety and depression.

A study of over 7 million people exposed to 
California wildfires over multiple years 
found a statistically significant increase in 
prescriptions of antidepressants, 
anxiolytics, and mood-stabilizing 
medications in the fire period compared 
with the prefire baseline.



Impacts can last.

One year after the 2016 Alberta wildfire:
• 15% probable PTSD
• 15% depression
• 15% anxiety
• 8% substance misuse
• 38% mental health problems overall

• Significantly elevated over baseline



Chronic changes and mental health

Higher temperatures associated with
• Increases in suicide 
• Increases in psychiatric hospitalization
• Increases in aggression
• Decreases in happiness and positive mood
• Impact on physical and mental functioning

Air pollution: fine ambient particles (PM2.5) linked to
• Cognitive decline
• Neurodegenerative diseases such as Alzheimer’s and 

Parkinson’s



Indirect impacts of climate change

Involuntary 
displacement

Threats to 
economic 

status 

Food 
insecurity



Impacts of migration



Impacts of economic 
insecurity



Impacts of food 
insecurity



Vicarious awareness

“my feelings had 
almost a physical 

manifestation – I felt 
stress, panic”

“I was depressed and 
disempowered… I 

stopped eating 
properly”

“I would get to the 
stage where I would 

freeze"



Climate anxiety and mental health

• About 20% of people 
reported functional 
impairment due to 
climate anxiety in US 
studies

• Climate anxiety is 
associated with standard 
clinical measures of 
anxiety and depression

• There is a negative 
relationship with WHO-5 
wellbeing index

Ogunbode, C. A., Doran, R., Hanss, D., Ojala, M., Salmela-Aro, K., van den Broek, K. L., ... & Karasu, M. (2022). Climate anxiety, wellbeing and pro-environmental action: correlates of negative 

emotional responses to climate change in 32 countries. Journal of Environmental Psychology, 84, 101887.



Thinking broadly about 
mental health 

Climate change also impacts cognitive 
functioning 
• Heat interferes with learning and 

cognitive performance. 
• Prenatal stress from heat or extreme 

weather increases preterm birth, which is 
associated with cognitive deficits.

Social relationships are also part of health 
and wellbeing
Individual behaviors and decision-making 
can be impaired by stressors and anxiety



Perceptions of 
climate change may 
affect behavior



Negative effects are not inevitable.

• Mitigation: behavior, technology, and policy changes that reduce the emissions of 
CO2  and/or increase uptake of emissions
• Communicate risks to public health
• Develop evidence-based interventions for behavior change

• Adaptation: Strategies to reduce mental health risks 
• universal access to mental health care 
• mental health training and responses integrated into pre- and post-extreme event 

responses
• culturally-appropriate, climate-specific and place-specific mental health 

resources, including nature-based therapy
• attention to impacts on diverse communities



Promoting resilience

Individual mental health:

Emotion-focused coping

Problem-focused coping

Meaning-focused coping



Promoting resilience

Collective well-being:

Social support

Education

Policies that fund mental health care



The mental health field can prepare

Provide professional 
training on the 
impacts of climate 
change

1

Educate the public

2

Advocate for better 
mental health 
funding

3

Advocate for 
mitigation

4

Research and 
implement 
evidence-based 
interventions

5

Examine and 
acknowledge their 
own experiences 
and emotions

6

Adopt sustainable 
clinical practices

7
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“

“The scientific evidence is unequivocal: climate 

change is a threat to human well-being and the health of 

the planet. Any further delay in concerted global action will 

miss the brief, rapidly closing window to secure a liveable 

future.”

3



Global warming 
has caused 

dangerous and 
widespread 

disruption in 
nature…



…and climate change is affecting the lives 
of billions of people, despite efforts to 
adapt.



Climate change has 
already impacted the 
health of
millions of 
people

6



3.3 – 3.6 billion people live 
in hotspots of 
high vulnerability 

to climate change. 

7

Those reliant on 
the environment 
for subsistence 
and livelihoods

Underlying 
physical or 

mental health 
challenges

Those facing 
socioeconomic 
inequities and 
marginalisation

Vary by gender, 
age, occupation, 

and other 
characteristics



Two examples 
from Canada

Wildfires

in Alberta

Ecoanxiety in 

the Arctic



Wildfires impact 
our Health



Wildfire smoke can be deadly

In Canada:

• Short term smoke exposure: 54–240 deaths per year

• Long term exposure: 570–2500 deaths per year

• Plus non-fatal cardiorespiratory health outcomes

Matz, et al. "Health impact analysis of PM2. 5 from wildfire smoke in Canada 

(2013–2015, 2017–2018)." Science of The Total Environment 725 (2020): 138506



How much does this Cost?

In Canada:

• Acute health impacts: $410M–$1.8B per year

• Chronic health impacts: $4.3B–$19B per year

• Largest economic impacts in BC and Alberta

• Most expensive Canadian disasters?

Matz, et al. "Health impact analysis of PM2. 5 from wildfire smoke in Canada 

(2013–2015, 2017–2018)." Science of The Total Environment 725 (2020): 138506



What does this look like in Alberta?

Mahsin et al, (2022). Respiratory and cardiovascular condition-related physician visits associated with wildfire 

smoke exposure in Calgary, Canada, in 2015, International Journal of Epidemiology, 51(1): 166–178
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Diverse and serious 
mental health impacts

2016 Fort McMurray 
wildfire 

88,000 people abruptly 
evacuated

Attributed to climate 
change 0
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2016 Fort McMurray Wildfire Evacuees

Belleville et al. (2019). Post-Traumatic Stress among Evacuees from the 2016 Fort McMurray Wildfires: Exploration of Psychological and Sleep 

Symptoms Three Months after the Evacuation. International Journal of Environmental Research and Public Health. 16(9):1604. 



Mental health impacts for our kids

Brown et al. (2019). Significant PTSD and other mental health effects present 18 months after the Fort McMurray wildfire. Frontiers in Psychiatry.10.

Brown et al. (2019). After the Fort McMurray wildfire there are significant increases in mental health symptoms in grade 7-12 students compared to controls. BMC Psychiatry. 2019;19(1).

37% probable PTSD 

31% probable depression

27% probable anxiety

probable alcohol or substance use disorder (15%) 

Lower self-esteem and quality of life scores

Increased moderately severe depression (9% →17%) 

Increased suicidal thinking (4% →16%) Increased tobacco use (10% → 13%) 

46% of students met criteria for one 

or more probable diagnosis of 

PTSD, depression, anxiety, or 

alcohol/substance abuse, whether 

or not they were present at the fire



Greater impact from fires 

 = greater adverse mental health impacts

1.5, 2.5, and 3.5 years after the wildfire

 = mental health worsened

Brown et al. (2019). Significant PTSD and other mental health effects present 18 months after the Fort McMurray wildfire. Frontiers in Psychiatry.10.

Brown et al. (2019). After the Fort McMurray wildfire there are significant increases in mental health symptoms in grade 7-12 students compared to controls. BMC Psychiatry. 2019;19(1).

Brown et al. (2021). Mental health symptoms unexpectedly increased in students aged 11–19 years during the 3.5 years after the 2016 Fort McMurray wildfire. Frontiers in Psychiatry, 12.

Mental health impacts for our kids



Two examples 
from Canada

Wildfires

in Alberta

Ecoanxiety in 

the Arctic



“the foods sources that you 

usually get to, you can’t 

reach. There is not enough 

snow, there is not enough ice. 

It’s alarming that we are just 

seeing the beginning of climate 

change… And if the weather is 

down [bad] for five weeks, 

…how do you get food in 

there? … I mean their stock 

was down to bare bones 

because there was no way to 

get food in.”

ARCTIC CONTEXT

David Borish

Harper et al., 2015, BMC Public Health

Driscoll et al., 2013, International Journal of Circumpolar Health

“Last year we had no 

blueberries. And I mean 

blueberries are almost a 

staple. They're so good for you 

and they’re so high in the 

antioxidants. There were none. 

And there is none because it 

got really hot in the spring and 

the berry, the bushes fried up. 

But to have no blueberries, it’s 

unheard of. You know, to 

have that happen [long 

pause].”

1

10

Hypothermia Frostbite Unintentional
Injury

O
d

d
s

Travel, Weather & Health in 
Alaska

Unusual 

Weather

Changes in 

Travel Plans

“The ice is no longer 

predictable, it is not stable, 

people don’t trust it”

“…accidental death through 

changes in ice conditions and 

weather conditions”

“people are jeopardizing 

their lives going out on 

unstable elements”



Complex 
mental health 

responses

18

Emotional 
reactions 

(e.g., sadness, fear, 

anger, distress and 

anxiety)

Mental health 
outcomes 

(e.g., depression, post-

traumatic stress disorder 

and generalised anxiety) 

Experiences with 
grief and loss 

(i.e., ecological grief) 

Drug/alcohol use, 
family stress, 

domestic violence, 
suicide ideation 

Loss of cultural 
continuity, 

disruptions to 
intergenerational 

knowledge transfer 

Loss of place-
based identities 
and connections 
(i.e., solastalgia) 



Two examples 
from Canada

Wildfires

in Alberta

Ecoanxiety in 

the Arctic



Within the health sector:

• Heat plans

• Early warning systems

• Mental health services in 
emergency response

Outside of the health sector:

• Improved food security

• Green spaces

• Climate cafes



Effectiveness of many mental health treatments are 

understood; but, there is limited evidence evaluating 

these interventions within the context of climate change 



Mental health risks 
are becoming more 
complex and, 
therefore, more 
challenging to 
manage.

22



thanks!

ANY QUESTIONS?

You can find me at:

sherilee@ualberta.ca

@Sherilee_H

www.sherileeharper.com

23
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