
Climate changes health

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 resilience vary across populations & communities



USD 313 billion 
disaster losses 

in 2022

>16,000 died in 
heatwaves in 

Europe

1,700 died in 
flooding in 
Pakistan

Drought losses > 
USD 38 billion
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Global Economic Losses Near the 21st Century Average

Direct	economic	losses	resulting	from	natural	disasters	
in	2022	are	estimated	at	$313	billion.	This	is	close	to	
the	21st	century	average,	after	adjusting	actual	incurred	
damage	to	today’s	dollars	using	the	U.S.	Consumer	
Price	Index.	Though	2022	was	far	from	record-breaking	
in	terms	of	overall	losses,	it	saw	many	impactful	and	
costly	events	across	the	globe.	

Visualizing	the	geographic	distribution	of	2022	events	
allows	for	distinguishing	certain	patterns,	including	
higher	frequency	of	medium-sized	Severe	Convective	
Storm	(SCS)	events	in	the	U.S.	and	Europe,	and	the	
prevalence	of	flooding	events	in	Africa,	Southeast	Asia	
and	Oceania.	

The	map	primarily	shows	the	economic	impact,	 
which	to	some	extent	correlates	with	concentration	 
of	wealth	—	this	is	not	a	result	of	a	reporting	bias.	
What	this	map	does	not	highlight	is	the	humanitarian	
crises	and	displaced	communities,	as	many	events	with	
significant	human	impacts	do	not	necessarily	translate	
into	a	high	financial	toll	in	terms	of	direct	damage.	

Note that significant price inflation throughout the  
year already resulted in notable increases of per- 
event losses.

Exhibit 1: Significant 2022 Economic Loss Events

Hurricane Ian
$95 bn

European Drought
$22 bn

Pakistan Floods
$15 bn

China Floods
$15 bn

China Drought
$7.6 bn

U.S. Drought
$16 bn

Drought
Earthquake
EU Windstorm
Flooding
Severe Convective Storm
Tropical Cyclone
Wildfire
Winter Weather
Other

Data: Catastrophe Insight, Aon

Fukushima 
Earthquake
$9.1 bn

QLD & NSW
Floods
$8.0 bn

2022 significant economic loss events



Mulchandani et al. 2020

2013-2014 UK winter floods

Anxiety PTSD

In year 3, prevalence of 
probable PTSD in people 
who were flooded with 
persistent damage was 30%



Physiological pathways of human health strain

Ebi et al. 2021



Children younger than 1 year were affected by 626 million more person-
days of heatwave exposure and adults older than 65 years were affected by 
3·1 billion more person-days of heatwave exposure in 2020 than in the 
1986–2005 average

Exposure of vulnerable populations to heatwaves

>65 year old <1 year old



US NCA5 2023



Vicedo et al. 2021



https://www.worldweatherattribution.org

https://www.worldweatherattribution.org/


Jay et al. 2021



Gridded mean 
personal 

exposure to fire-
induced PM and 

its 2003-2021 
trend; only 

significant trends 
shown

2022 Report of  the Lancet Countdown





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



Map shows the range of the Aedes aegypti mosquito for present-day (1950-2000) and future (2061-2080; RCP8.5) conditions. Larger cities have higher potential for 
travel-related virus introduction and local virus transmission. Adapted from: Monaghan et al. (2016)
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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.
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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



WHO framework for 
promoting climate-

resilient health systems

• Recognize upstream 
determinants

• Systems-based approach to 
promoting climate-resilient 
health systems

• Health system and climate 
change health outcomes



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





Bowen & Workman 2022



Economic 
benefits of 

avoided cases 
of child health 

outcomes 
attributed to 

the U.S. 
Regional 

Greenhouse 
Gas Initiative 

by county, 
2009 to 2014

Perera et al. 2020
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