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OUTLINE

Mortality

Hospital admissions

Emergency room visits

Drug dispatchment, visits family doctor

Vulnerable populations:
- Elderly
- Children
- Pregnant women
- Chronic patients
- Workers (outdoors)

Indirect impacts:
• Health system
• Economic costs
• Labor productivity

Exposure to HEAT

Physiological response



THE ROLE OF PUBLIC HEALTH

Anticipate impacts
Provide solutions

REGULATORY 
SCIENCE

Build resilient 
populations and 

systems

PROJECTIONS OF 
HEALTH IMPACTS
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Our results are largely consistent with published 
investigations in single locations or countries, although 
previous findings have often been limited to heat-related 
mortality and are dependent on the choice of location, 
scenarios, and modelling approaches.6–13 In particular, 
the variety of analytical designs, with alternative effect 
summaries, statistical modelling, and assumptions, 
makes it difficult to quantitatively compare results and 
to draw a comprehensive picture of the global impact of 
climate change directly attributable to changes in 
non-optimal temperature exposure. By contrast, our 
assessment applies an advanced and well tested 
statistical framework across various regions and 
climates, accounting for location-specific non-linear 
and lagged temperature–mortality relationships,22 and 
provides a consistent overview of geographical and 
temporal differences.

Some assumptions and limitations must be 
acknowledged. Our projections of current estimates 
of temperature–mortality associations under future 
warming scenarios allow isolation of the effects of the 

changing climate, but ignore contributions from other 
factors, including demographic changes and adaptation 
(see appendix).23–26 The reported figures should therefore 
be interpreted as potential impacts under well defined but 
hypothetical scenarios, and not as predictions of future 
excess mortality. We did not choose locations and 
countries following a sampling procedure that ensured 
representativeness for each region, and as mentioned 
above, this study does not provide evidence for large areas 
of the world owing to insufficient data. Estimates are also 
affected by considerable uncertainty, particularly those 
related to the net impact, due to both variability in 
the climate models and imprecision in the estimated 
exposure–response curves.15 The latter component is often 
larger, and mainly related to uncertainty in extrapolation 
of the functions beyond the observed temperature range. 
In relation to this point, the log-linear extrapolation 
applied here can be inadequate to pick potential non-linear 
increases in risk due to particularly intense heat events 
that might occur in the future, and this would result in an 
underestimation of heat-related excess deaths.

Figure 2: Trends in heat-related and cold-related excess mortality by region
The graph shows the excess mortality by decade attributed to heat and cold in nine regions and under three climate change scenarios (RCP2.6, RCP4.5, and RCP8.5). Estimates are reported as 
GCM-ensemble average decadal fractions. The shaded areas represent 95% empirical CIs. RCP=representative concentration pathway. GCM=general circulation model.
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HEALTH IMPACT PROJECTIONS

THE METHODOLOGICAL FRAMEWORK
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In summary, this study offers a comprehensive 
characterisation of climate change impacts due to 
changes in exposure to non-optimal outdoor temperature, 
hot as well as cold, across various regions and under 
alternative scenarios of global warming. Two results 
must be highlighted. First, the impact varies across areas, 
and populations living in warmer and, in some cases, 
poorer regions are expected to experience a heavier 
burden. Second, increases in temperature-related excess 

mortality are substantially reduced in scenarios involving 
mitigation strategies to limit greenhouse emissions and 
further warming of the planet, and stricter mitigation 
approaches are associated with larger benefits. The 
evidence produced in this study can inform the ongoing 
international discussion and implementation of the 
recent agreement reached in Paris,27,28 and contribute to 
the development of coordinated and evidence-based 
climate and public health policies.1,29

Figure 3: Temporal change in excess mortality by region
The graph shows the difference in excess mortality by decade compared with 2010–19 in nine regions and under three climate change scenarios (RCP2.6, RCP4.5, and RCP8.5). Estimates are reported 
as GCM-ensemble averages. The black vertical segments represent 95% empirical CIs of net difference. RCP=representative concentration pathway. GCM=general circulation model.
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From today to future: HEALTH IMPACT PROJECTIONS

PROJECTIONS OF 
HEALTH IMPACTS

Others: Socio-economic development, health services

Mitigation strategies – climate simulations (emission scenarios)

Adaptation

Demographic changes 

ASSESSMENT OF PAST 
AND CURRENT IMPACTS

Climate

Population



AUTONOMOUS ADAPTATION

PLANNED ADAPTIVE MEASURES

CLIMATE 
CHANGE

HEALTH 
IMPACTS

BIOLOGICAL CAUSAL 
PATHWAYS

Public health policies (e.g. heat warning systems)
Structural interventions (e.g. urban planning)

Acclimatisation & individual behaviours
(health conditions, socioeconomic factors)

ADAPTATION – DRIVERS?

PAST & CURRENT HEALTH IMPACTS

• Complex mechanisms
• Lack of data
• Different patterns across populations



Vicedo-Cabrera et al. 2018

ADAPTATION

Sera et al. 2020

PAST & CURRENT HEALTH IMPACTS



Sera et al. 2019 IJE

ADAPTATION 

Scortichini et al. in preparation

Higher vulnerability to heat
in neighborhoods with 
high population density
and low greeness

Larger heat impacts in 
more developed and urban 
cities

PAST & CURRENT HEALTH IMPACTS



https://www.carbonbrief.org/explainer-how-shared-
socioeconomic-pathways-explore-future-climate-change

Accounting for DEMOGRAPHIC CHANGES

ADVANCING ON HEALTH IMPACT PROJECTIONS

Shared Socio-economic 
Pathways (SSP)

Age-specific relationships



What about COLD?
• Direct & indirect mechanisms stay the same in the future?
• Cold-driven infectious diseases (e.g. flu) under climate change scenarios
• Public health interventions (vaccination)

Way forward à Additional uncertainties and complexities

ADVANCING ON HEALTH IMPACT PROJECTIONS

Projecting other health impacts (hospitalizations)

Forecasting health impacts 
for heat-health warning 
systems

Potential extensions

Vicedo-Cabrera et al. 2018
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