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Summer and Autumn 2023 Hottest on Record

2023 confirmed as the warmest year on record, close to 
1.5°C above pre-industrial level



3Drought in Poyang Lake, China 
August, 2022 @BBC News

Climate extremes: devastating wildfires, floods, and 
droughts across the world

FILE - The hall of historic Waiola Church in Lahaina and nearby Lahaina 
Hongwanji Mission are engulfed in flames along Wainee Street, Tuesday, Aug. 
8, 2023, in Lahaina, Hawaii. 

@New York Times



© Slawek K on Unsplash

The epidemiologic silver lining of 
climate change

To help dispel the scientific fog that shrouds 
the climate change impact on public health 

over the decades to come. 

Thigpen Tart et al, Epidemiology. 2017
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In 2001, Tony McMichael outlined three challenges:

1) Retrospective analyses of associations between climate-
sensitive environmental exposures and health outcomes

2) Surveillance for current public health impacts highly likely 
to be attributable to climate change (attribution), and 

3) Scenario-based health risk assessments of projected 
climate change health impacts.

Challenges for epidemiology in relation to climate change

• Hess J. Climate change health impact projections: Looking into the future. In: Global Climate Change and Human Health: From Science 
to Practice. 2015. John Wiley & Sons.

Epidemiologists should be “moving out of the comfort zone of empiric studies—and 
also relinquishing any residual professional delusions that epidemiologic research is 
exclusively about the discovery of novel risk factors.”-Tony McMichael, Am J Public 
Health, 2001.
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Key current research directions in climate epidemiology
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1. Investigating understudied health outcomes and exposures to obtain 
exposure-response functions (associations)

2. Estimating health burden of historical climate change (attributions)

3. Scenario-based projections incorporating uncertainty from 
socioeconomic scenarios, climate model outputs, exposure-response 
functions, and population projections (projections)
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Heat triggers more heart attacks and increases 
more mental disorders

• Chen et al, Eur Heart J, 2019; Yoo et al. Sci Total Environ. 2021.

Myocardial Infarction Registry in Augsburg, Germany

Association

ER visits in New York State (2009-1026)
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Drought and flood increased the diarrhea risk in 
children under 5 in LMICs

2-week diarrhea incidence in the latest 
Demographic and Health Surveys (%)

• Wang et al, Nature Communications. 2022; Wang et al, JAMA Pediatrics. 2023.

Association
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Wildfire smoke and asthma in New York City in June 2023

• Chen et al, JAMA. 2023.

Association

The New York City Skyline in June 2023 
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Cause-specific mortality burden attributable to 
long-term smoke PM2.5 exposure in the US

• Ma et al, Proc Natl Acad Sci USA. 2024.

Attribution
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More than 1/3 burden of heat-related mortality 
attributable to recent human-induced climate change

• Vicedo-Cabrera, AM et al. Nat. Clim. Chang.  2021.

37.0% 

(20.5-76.3%)

Attribution
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While the climate is warming, the world is also aging

• Chen et al, Nature Communications. 2024

Projection
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Population aging will amplify future cold- and heat-related 
mortality burden in 800 locations from 50 countries/areas

• Chen et al, Nature 
Communications. 
2024

Net increase in 
cold-related 
mortality: 
0.1%–0.4% at 
1.5–3 °C global 
warming.

0.5% 1.0% 2.5%

Projection
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Climate penalty: Increasing ambient ozone 
pollution in urban areas

Climate change tends to increase 
ozone in already polluted regions

Source: U.S. EPA

Projection

• Domingo et al, One Earth. 2024
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Challenges and opportunities in Climate Change and Health

• Health impact assessment of climate change

Climate-
sensitive 

outcome

Lack of 
quality data

Limited 
ERFs

Compound 
risks

Coarse spatio-
temporal 
resolution 

Detection and 
attribution

Population 
change

Demographic 
change

Uncertainty

Co-benefits 
of 

mitigation

Future 
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• Daily temperature/humidity
– Weather stations

– Reanalysis data (e.g., ERA5-Land)

• Air pollution
– Local EPA monitoring stations

– GlobalHighAirPollutants (GHAP): daily 1km grid

– Satellite-derived PM2.5 and NO2 at 1km grid from 
Washington University in St. Louis

• Drought
–  Global Standardised Precipitation-Evapotranspiration Index 

(SPEI) database at 0.5-degrees grid

• Floods
– Dartmouth Flood Observatory

Where can epidemiologists start studying climate health? 
Finding data on climate-related exposures and projections

Data on climate-related exposures Climate model outputs

• Temperature/humidity
– NASA Earth Exchange (NEX) Global 

Daily Downscaled Projections 
(GDDP) dataset: daily 25 km grid

– The Inter-Sectoral Impact Model 
Intercomparison Project (ISIMIP)

• Air pollution
– Aerosols and Chemistry Model 

Intercomparison Project 
(AerChemMIP) 

– Collaborators in 
Climate/Atmospheric Sciences!



17https://niehs.github.io/chords_landing/index.html 

https://niehs.github.io/chords_landing/index.html
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Example: Short-term heat exposure and stroke risks

• Chu et al, JACC. In press.

A National stroke registry/cohort/
insurance claims database

Time-stratified case-crossover design

Daymet 1 km x 1 km gridded daily temperature data

Data linkage

Two-stage model
Stage 1: Climate-region-specific 
models
Stage 2: Meta-analysis

Exposure-response function
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Summary: Climate changes health and epidemiology plays 
a central role in studying climate-health linkages
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Thank you! 谢谢！Danke!   
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