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Netincreasein
temperature-
related deaths
under climate
changein
Europe

Heat-related deaths are
estimated toincrease more
rapidly than cold-related deaths
are estimated to decrease under
future climate change scenarios
across European cities. An
unrealistic degree of adaptation
to heat would be required to
revert this trend, indicating

the need for strong policies
toreduce greenhouse gases
emissions.
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The question

Non-optimal temperatures, both cold

and heat, canlead to increased morbidity
and mortality, directly or by worsening
pre-existing conditions. Many condi-

tions have been found to be affected by
non-optimal temperatures, including, for in-
stance, cardiorespiratory disease and renal
failure'. Globally, it has been estimated that
more than 9% of deaths might be related to
non-optimal temperature, with a vast major-
ity attributable to moderate cold® In Europe,
historical estimates roughly reporta9:1
ratio of cold-related to heat-related deaths
inurban areas’. Concurrently, adecrease
insusceptibility to heat has been observed
across the world, owing to increased avail-
ability of air conditioning and improvement
of air quality.

Global warming raises questions as to
whether theratio of cold-to-heat-related
deaths mightinduce anetdecreasein
temperature-related deaths, owing to lower
exposure to cold temperatures and ongoing
adaptation to heat. By contrast, recent Euro-
pean heatwaves have resulted in considera-
ble death tolls*, which suggests thatasurgein
heat-related mortality might counterbalance
such net decrease. To address this question
atthe European level, we estimated future
heat-related and cold-related mortality
across citiesin the 27 countries of the Euro-
pean Union, Norway, Switzerland and the UK.

The observation

We used a previously created dataset of
temperature-related mortality risk curves
for five age groups within 854 European
cities, representing about 40% of the Euro-
pean population?®, and we combined it with
projections of daily temperature from 19
climate models. We obtained estimates of
future temperature-related deaths un-

der several greenhouse gas emission and
socio-economic scenarios from the shared
socio-economic pathways (SSP) frame-
work®. More specifically, we considered a
‘Greenroute’ scenario in which net-zero
greenhouse gas emissions is reached
(SSP1-2.6),a ‘Rocky road’ scenario in which
regional conflicts are predominant and
thereis low priority towards mitigation and
adaptation to climate change (SSP3-7.0),
and anin-between scenario (SSP2-4.5).

We combined these scenarios with four
scenarios of adaptation to heat, assuming
thatrisk curves would shrink in response to
increased resilience of urban populations to
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heat. From those scenarios, we extracted the
part of future temperature-related deaths
directlyimputable to climate change. We
report excess deaths related to heat and cold
for 5-year periods between 2015 and 2099
and for several global warming levels.

We found a clear increase in heat-related
deaths, substantially exceeding decreases
in cold-related deaths under all considered
global warming scenarios (Fig.1). Under the
SSP3-7.0 scenario, we estimated that net
temperature-related deaths couldincrease
by 50% at the end of the century, cumulating
inatotal of 2.3 million temperature-related
deaths directly imputable to climate
change. Only important and unrealistic
amounts of adaptation to heat would be
necessary to counterbalance this trend
under this scenario. By contrast, the burden
could bereduced by two-thirds under
the more optimistic mitigation scenarios
SSP1-2.6 and SSP2-4.5. We found geograph-
ical heterogeneity in vulnerability to climate
change, with aslight net decrease of deaths
innorthernmost European countries and
vulnerability hot-spotsin central Europe,
the Balkans, and — more critically — Mediter-
ranean Europe.

Theimplications

Our results suggest substantial health
benefits from climate change mitigation
and adaptation to heat. However, in the
absence of mitigation measures, adaptation
to heat would be insufficient to avoid large
increases in temperature-related deaths,
which would particularly affect the most
vulnerable populations, especially in Central
and Mediterranean Europe.

This research focuses ontemperature-
related mortality and does not provide
exhaustive information on other climate
change-related effects (such as droughts,
floods and wildfires) on health. Although
itinforms on levels of adaptation to heat
necessary to avoid increases in deaths, this
study does not describe specific pathways
or policies toincrease resilience to heat.

Given the implications of this study, it is
paramount to understand how toimprove
theresilience of urban populations to
heat and what specific factors contribute
to adaptation. New methodologies and
high-resolution health impact assessments
areneeded.

Pierre Masselot & Antonio Gasparrini

London School of Hygiene & Tropical Medicine,
London, UK.
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EXPERT OPINION
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“This article conducts projections of
temperature-related mortality until the
end of the century in European cities. The
authors focus on how the total number of
temperature-related deaths will evolve.
These calculations are done using state-
of-the art methods and input data, and,
with the addition of analysis accounting

for potential adaptation to warmer
temperatures, they represent the most
advanced and comprehensive piece of
work on temperature-related mortality
projections in Europe.” Xavier Basagaia,
Barcelona Institute for Global Health,
Barcelona, Spain.
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Fig.1|Projected net temperature-related deaths in European cities across the century. Excess death rates
inapopulation of 100,000 persons for heat, cold and their combined net effect. Only the deaths imputable
to climate change are shown, in addition to historical levels. Shaded areas indicate 95% confidence intervals,
and shades of grey at the top indicate possible windows of exceedance of global warming levels. GCM, general

circulation model. © 2025, Masselot, P. et al., CC BY 4.0.
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BEHIND THE PAPER

FROM THE EDITOR

As environmental epidemiologists working
on issues of climate-related health, we have
often had to reply to the claim that climate
change might actually be beneficial for
public health. Although there is a seed of
truth, given that the burden of cold-related
deaths is much greater than the heat-
related one in Europe, such belief betrays

a misunderstanding of climate change
epidemiology. With this study, we wanted to

explicitly address this question and provide
evidence of the highest possible quality.

We strongly believe that, for science to be
trusted, it must be as open and accessible
as possible. This is why an important part

of the work was to organize data, code and
results to be able to make the whole analysis
fully open and replicable. This achievement
is what we end up being the most excited
about in this work. P.M. & A.G.
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“As climate change is increasing the
frequency of extreme heatwaves and
breaking global temperature records year-
on-year, this study is a stark reminder of the
future impact on health that would occur
as a consequence of countries failing to
meet the targets of the Paris Agreement
and to implement climate adaptation and
mitigation strategies.” Editorial Team,
Nature Medicine.
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	Fig. 1 Projected net temperature-related deaths in European cities across the century.




