
Articles

www.thelancet.com/public-health   Published online August 21, 2024   https://doi.org/10.1016/S2468-2667(24)00179-8 1

Temperature-related mortality burden and projected change 
in 1368 European regions: a modelling study
David García-León, Pierre Masselot, Malcolm N Mistry, Antonio Gasparrini, Corrado Motta, Luc Feyen, Juan-Carlos Ciscar

Summary 
Background Excessively high and low temperatures substantially affect human health. Climate change is expected to 
exacerbate heat-related morbidity and mortality, presenting unprecedented challenges to public health systems. Since 
localised assessments of temperature-related mortality risk are essential to formulate effective public health responses 
and adaptation strategies, we aimed to estimate the current and future temperature-related mortality risk under four 
climate change scenarios across all European regions.

Methods We modelled current and future mortality due to non-optimal temperatures across 1368 European regions, 
considering age-specific characteristics and local socioeconomic vulnerabilities. Overseas territories were excluded 
from the analysis. We applied a three-stage method to estimate temperature-related risk continuously across age and 
spatial dimensions. Age and city-specific exposure–response functions were obtained for a comprehensive list of 
854 European cities from the Urban Audit dataset of Eurostat. Regional aggregates were calculated using an 
aggregation and extrapolation method that incorporates the risk incidence in neighbouring cities. Mortality was 
projected for present conditions observed in 1991–2020 and for four different levels of global warming (1·5°C, 2°C, 
3°C, and 4°C increase) by regions, and subregions using an ensemble of 11 climate models produced by the 
Coordinated Regional Climate Downscaling Experiment-CMIP5 over Europe, and population projection data from 
EUROPOP2019.

Findings Our results highlight regional disparities in temperature-related mortality across Europe. Between 1991 and 
2020, the number of cold-related deaths was 2·5 times higher in eastern Europe than western Europe, and heat-
related deaths were 6 times higher in southern Europe than in northern Europe. During the same time period, there 
were a median of 363 809 cold-related deaths (empirical 95% CI 362 493–365 310) and 43 729 heat-related deaths 
(39 880–45 921), with a cold-to-heat-related death ratio of 8·3:1. Under current climate policies, aligned with 3°C 
increase in global warming, it is estimated that temperature-related deaths could increase by 54 974 additional deaths 
(24 112–80 676) by 2100, driven by rising heat-related deaths and an ageing population, resulting in a cold-to-heat-
related death ratio  of 2·6:1. Climate change is also expected to widen disparities in regional mortality, particularly 
impacting southern regions of Europe as a result of a marked increase in heat-related deaths.

Interpretation This study shows that regional disparities in temperature-related mortality risk in Europe are substantial 
and will continue to increase due to the effects of climate change and an ageing population. The data presented can 
assist policy makers and health authorities in mitigating increasing health inequalities by prioritising the protection of 
more susceptible areas and older population groups. We identify the projected areas of heightened risk (southern 
Europe), where policy intervention aimed at building adaptation and enhancing resilience should be prioritised.
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Introduction
Climate change is associated with adverse outcomes in 
physical, mental, and community health and wellbeing 
through the increasing frequency and intensity of extreme 
weather events, rising cases of infectious and vector-borne 
diseases, declining air quality, and decreases in food and 
water quality and security.1 Moreover, climate change is 
expected to exacerbate heat-related morbidity and 
mortality, presenting unprecedented challenges to public 
health systems.

It has been estimated that a third of heat-related deaths 
can be attributed to anthropogenic climate change and 

increased mortality is evident on all continents.2 During 
the summer of 2022, the hottest on record for Europe, 
mortality rates were unusually high, with more than 
60 000 heat-related deaths estimated in Europe.3 Morbidity 
and mortality from climate-related hazards are projected 
to continue to increase across most regions of the world.1 
Multi-impact studies done in the USA and Europe have 
underscored the social and economic ramifications of 
heat-related mortality,4 emphasising the urgent need for 
targeted interventions and adaptation measures.

Despite growing recognition of the health impacts of 
climate change, the evidence base remains small, even for 
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a relatively well-studied area such as Europe.5 Compared 
with other environmental risks, such as air pollution, 
which have been more extensively studied at the local 
level,6 there is a paucity of region-specific evidence on 
temperature-related mortality. This highlights gaps in our 
understanding of localised vulnerabilities and impacts. 
Previous assessments have focused either on large-scale 
analyses or were based on data with higher resolution but 
with little geographical scope.7,8 Most evidence is also 
limited to western European countries,9 with Scandinavia 
and eastern Europe less represented.10 Another important 
limitation is the absence of consideration for demographic 
differences, whereby the differential risks across age 
groups reported in the literature can lead to a substantial 
variation in estimated mortality effects.11 Additionally, 
previous analyses have not considered other characteristics 
that can modify susceptibility to heat and cold, such as 
location-specific socioeconomic and environmental 
variables.12 Further more, assessments of future mortality 
have mainly focused on heat-related deaths and not 
considered cold-related deaths,. These shortcomings pose 
important limits on the design and implementation of 
effective public health and climate adaptation strategies.

To address these limitations, we aimed to estimate the 
temperature-related (heat and cold) mortality in Europe, 
for 1368 regions across 30 countries, including the 27 EU 
Member States, as well as Norway, Switzerland, and the 
UK. The study leveraged a dataset13 of city-specific 

exposure–response functions (ERFs) resulting from 
epidemiological and socioeconomic analysis of more than 
854 cities across Europe with populations exceeding 
50 000 inhabitants. The analysis accounted for age-specific 
susceptibility to temperature variations, and spatially 
explicit demographic projections. We present impacts for 
global warming levels corresponding to the Paris climate 
targets (increases of 1·5°C and 2°C), an upper estimate 
according to current climate policies in place (increase of 
3°C),14 and a high-end estimate representative of no 
climate policies (increase of 4°C), enabling us to evaluate 
the future mortality burden of different levels of climate 
mitigation. We further disentangled the projected future 
temperature-mortality risk by accounting for its two main 
driving factors: changes in temperatures and shifts in 
population structure. Finally, we identified future 
geographical regions of heightened mortality risk where 
policy action should be prioritised.

Methods 
Time series epidemiological analysis 
We obtained data for 854 European cities included in the 
Urban Audit dataset of Eurostat,15 to identify patterns of 
vulnerability on the basis of city-specific characteristics 
and demographic structure. We applied a three-stage 
method13 to estimate the mortality risk of temperature 
continuously for different age groups (20–44, 45–64, 
65–74, 75–84, and ≥85 years) within these 854 cities. 

Research in context

Evidence before this study
We searched PubMed from database inception to April 5, 2024, 
to identify papers published on temperature-related mortality 
impact assessments in Europe without language restrictions, 
using the search terms “((Mortality) AND (Temperature) AND 
(Socioeconomic Factors) AND (Europe) AND (Region))”. 
We identified 117 publications, of which 70 were directly 
relevant to our analysis. Most published literature analysed 
either heat-related or cold-related risks separately, covered 
small areas or individual countries, and often focused on 
specific episodes of intense cold or heatwaves. Some studies 
targeted specific population groups, but age considerations 
were generally not taken into account. One study assessed 
winter mortality in Europe, but the results were only presented 
at the country level. We found no studies simultaneously 
investigating the magnitude of heat-related and cold-related 
mortality risks under different warming conditions across a 
large geographical scope.

Added value of this study
To our knowledge, this study is the first to quantitatively assess 
present and future temperature-driven excess mortality at the 
subnational level across Europe. This level of granularity enables 
the inherent spatial heterogeneity of this risk to be addressed. 
We estimated current and future mortality risk under four 

different global warming scenarios to assess regional 
heterogeneity, while accounting for age composition and 
sociodemographic characteristics. Between 1991 and 2020, 
we estimated 363 809 cold-related deaths (empirical 95% CI 
362 493–365 310) and 43 729 heat-related deaths 
(39 880–45 921), subject to substantial geographical 
heterogeneity. Temperature-related deaths are projected to 
increase by 41 850–96 072 additional deaths annually 
depending on the warming scenario, driven by rising 
temperatures and an ageing population, and exacerbating 
regional disparities.

Implications of all the available evidence
Climate change effects on health show regional differences 
suggesting that adaptation policies should be framed locally, 
considering the substantial heterogeneity in climatic and 
socioeconomic factors driving climate and environmental risks. 
Changes in demography and warming are expected to become 
the main drivers of disparities, which will need to be addressed 
with policy action to address extreme heat and susceptible 
populations. Data from this study should be used in 
combination with local-level indicators of susceptibility to 
prioritise public health adaptation efforts in Europe, which are 
crucial for mitigating the anticipated growth in health 
inequalities.
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Overseas cities were excluded (Saint Denis, Fort-de-
France, Mamoudzou, Cayenne, and Saint-Louis [France];
Reykjavik [Iceland]; Funchal and Ponta Delgada 
[Portugal]; Las Palmas, Santa Cruz de Tenerife, Telde, 
Ceuta, and Melilla, Arrecife, Santa Lucía de Tirajana, and 
Puerto de la Cruz [Spain]). The final sample included 854 
cities from 30 countries (appendix p 5). These risks were 
then used to derive temperature thresholds of minimum 
mortality and related percentiles and raw and age-
standardised excess mortality rates for heat and cold. 
Details about how the ERFs were obtained and a visual 
representation of the different modelling stages are 
provided in the appendix (pp 1–2).

Climate models 
We used projections of climate variables from an 
ensemble of 11 bias-adjusted regional climate models 
produced by the Coordinated Regional Climate 
Downscaling Experiment-CMIP5 over Europe.16 The 
climate models are run under two representative 
concentration pathways (RCPs): RCP4·5 and RCP8·5 
and climate data are bias-adjusted using a transfer 
function method17 based on the E-OBS daily gridded 
observational dataset for precipitation, temperature and 
sea level pressure in Europe (version 10).18 We compared 
four future global warming level scenarios (Paris 
Agreement targets [increases of 1·5°C and 2°C] and two 
higher warming levels [increases of 3°C and 4°C]) with 
the period of 1991–2020. We used the time sampling 
approach (appendix p 3), whereby information from 
different emissions scenarios were merged to estimate 
impacts for global warming levels. Based on many 
studies, the sixth assessment report of the 
Intergovernmental Panel on Climate Change19 concluded 
that the regional response patterns at given global 
warming levels are consistent across different scenarios 
for many climate variables (including temperature 
considered herein) and that within scenario climate 
model variability is comparable with the between scenario 
variability, which justifies the use of this approach.

Population projections 
We obtained EUROPOP2019 population projections at 
the Nomenclature of Territorial Units for Statistics 
(NUTS) 3 regional level from the Eurostat database. 
EUROPOP2019 national and subnational projections are 
produced for 31 countries, of which 30 were analysed 
here (all 27 EU Member States, as well as Norway, 
Switzerland, and the UK), covering the time horizon 
from 2019 to 2100. These projections are so-called what-if 
scenarios that aim to show the hypothetical developments 
of the population size and its structure based on a set of 
assumptions about future fertility, mortality, and net 
migration. For all NUTS 3 level regions, data are available 
by single year time intervals and for 1-year age groups 
from 0 to 99 years, where the base population is the 
population of the region on Jan 1, 2019, as reported in the 

annual demographic statistics data collection run by 
Eurostat. EUROPOP2019 adopts assumptions on future 
age-specific fertility rates, probabilities of dying, and net 
migration levels. We used these rates to obtain the age-
specific number of deaths per year and then estimated 
the number of deaths attributed to cold and heat using 
the relative risks obtained in the time series analysis.

Regional aggregation and extrapolation 
Using EUROPOP2019 population projections, we 
obtained daily time series with the number of deaths 
attributable to cold and heat for each age group in each of 
the analysed cities. These estimates were then aggregated 
and extrapolated from the city to the regional level 
(1368 NUTS 3 regions in NUTS version 2021)20 using the 
following methodology: when data for any number of 
cities were available in a particular NUTS 3 region, we 
created a composite city from these cities. Total attributable 
deaths for each age group in the composite city were 
calculated as population-weighted averages of attributable 
deaths in the included cities for this region. Once we 
obtained the number of deaths attributable to heat and 
cold among different age groups in the composite city, 
NUTS 3 aggregates were determined by weighting the 
composite city age group estimates based on the 
distribution of age groups in the corresponding NUTS 3 
regional population. The NUTS level of reference selected 
for each NUTS 3 region was dependent on the availability 
of sample cities in each region (appendix p 9). An overview 
of the NUTS regional coverage of the 854 cities analysed 
and illustrative examples of aggregation and extrapolation 
methods used are provided in the appendix (pp 3, 10).

Regional economic data 
We used regional account data from Eurostat to explore 
the relationship between temperature-related mortality 
and other factors beyond climate and individual 
characteristics, for which regional income was used as a 
proxy. Specifically, we retrieved data on gross domestic 
product (GDP) per capita from Eurostat for the year 
2019 at the NUTS 3 level, based on the 2016 version of 
NUTS.

Contribution analysis 
Future excess mortality depends on regional changes in 
temperature due to climate change and on the size and 
composition of the population at risk due to demographic 
changes (increases in age-specific survival). Additionally, 
total base mortality will be affected by lower projected 
fertility rates. To understand the relative contribution of 
these drivers of future excess deaths, the mortality 
analysis was applied for different combinations of climate 
and population scenarios.21 The following cases were 
studied: case 1, present climate combined with present 
population; case 2, present climate combined with future 
population exposure as projected by the EUROPOP2019 
regional population and total mortality projections; 

For the Eurostat database see 
https://ec.europa.eu/eurostat/
web/population-demography/
population-projections/database

See Online for appendix

For more on the E-OBS dataset 
see https://cds.climate.
copernicus.eu/cdsapp#!/dataset/
insitu-gridded-observations-
europe?tab=overview

For data on GDP by NUTS 3 
region see https://ec.europa.eu/
eurostat/databrowser/view/
nama_10r_3gdp/default/
table?lang=en

https://cds.climate.copernicus.eu/cdsapp#!/dataset/insitu-gridded-observations-europe?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/insitu-gridded-observations-europe?tab=overview
https://ec.europa.eu/eurostat/web/population-demography/population-projections/database
https://ec.europa.eu/eurostat/databrowser/view/nama_10r_3gdp/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/nama_10r_3gdp/default/table?lang=en
https://ec.europa.eu/eurostat/web/population-demography/population-projections/database
https://ec.europa.eu/eurostat/web/population-demography/population-projections/database
https://ec.europa.eu/eurostat/web/population-demography/population-projections/database
https://cds.climate.copernicus.eu/cdsapp#!/dataset/insitu-gridded-observations-europe?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/insitu-gridded-observations-europe?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/insitu-gridded-observations-europe?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/insitu-gridded-observations-europe?tab=overview
https://ec.europa.eu/eurostat/databrowser/view/nama_10r_3gdp/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/nama_10r_3gdp/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/nama_10r_3gdp/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/nama_10r_3gdp/default/table?lang=en
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case 3, future climate under different warming levels 
combined with future population exposure.

The combined effect of climate and demographic 
changes on future mortality was obtained as the 
difference between case 3 and case 1. The effect of 
demographic changes on future temperature excess 
mortality was isolated by calculating the difference in 
excess mortality between case 2 and case 1, while the 
contribution of climate corresponds to the residual 
change not explained by demographic dynamics.

All data were publicly available and de-identified, hence 
no ethical approval was required.

Role of the funding source 
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results 
The median standardised cold and heat death rates per 
100 000 people for all the 1368 NUTS 3 regions considered 
in the analysis (1991–2020) are shown in figure 1. 
Substantial spatial heterogeneity in cold-related mortality 
was observed across and within European countries, 
with rates ranging from 25 in a region in the Netherlands 
to 300 deaths in a region in Bulgaria per 100 000 people 
(appendix p 12). The lowest number of cold-related 
deaths were observed in regions of central Europe and 

some parts of southern Europe. Higher values were 
mainly observed in eastern Europe and the Baltic states. 
The spatial variability is further emphasised by the 
presence of a distinct gradient from west to east 
(appendix p 12), with higher rates observed in western 
and in eastern areas (at a ratio of 2·5:1), and lower rates 
observed in central Europe.

Substantial spatial heterogeneity in heat-related 
mortality was also observed, with standardised rates 
ranging from 0·6 in a region in Ireland to 47 deaths in a 
region in Croatia per 100 000 people (appendix p 12), 
representing a notably smaller magnitude compared with 
cold-related mortality. A marked increase in heat-related 
deaths was observed from north to southern regions 
(appendix pp 12–13), with deaths 6 times more frequent 
in the south than in the north, indicating that heat-related 
mortality risk is predominantly driven by more intense 
heat in the south mainly during summer, while for cold-
related deaths, the variability is only partly explained by 
more intensely cold winters. Heat-related mortality in 
regions of the British Isles and Scandinavian countries 
was low (0·6–5·0 deaths per 100 000 people), whereas the 
highest heat risk values (30–47 deaths per 100 000 people) 
were observed in Croatia and the southernmost areas.

Across Europe, for the 1991–2020 period, 407 538 
deaths per year (empirical 95% CI 402 373–411 231) were 
attributable to hot and cold temperatures. Approximately 
363 809 deaths (95% empirical CI 362 493–365 310) per 
year are attributable to cold (table). 43 729 deaths 
(empirical 95% CI 39 880–45 921) were attributed to hot 
temperatures. In these climate conditions, cold-related 
mortality significantly outnumbers heat-related mortality, 
with an overall median ratio of cold-related to heat-
related deaths across Europe of approximately 8·3:1 
(appendix p 6), with substantial regional disparities, 
ranging from 3·3:1 in Slovenia to 132·5:1 in Ireland. 
However, according to the coefficient of variation ([CV]; 
calculated by dividing the mean by the SD), the 
distribution of heat-related deaths is 20% more variable  
than that of cold-related deaths (CVcold=0·49, CVheat=0·64). 
Both the distributions of heat and cold-related death 
rates were largely positively skewed (1·19 for cold, 1·28 
for heat), indicating an uneven effect of heat and cold 
across regions.

Joint analysis of cold-related and heat-related mortality 
risks highlighted regional patterns at the aggregated 
geographical level (figure 1). Northern regions were 
characterised by low heat risk and moderate-to-high cold 
risk. Similarly, in southern regions mortality attributed 
to heat was high whereas mortality attributed to cold was 
relatively low, although the heat to cold mortality ratio 
was higher than its inverse in northern regions, 
suggesting that the south is proportionally more affected 
by cold-related mortality than the north is by heat-related 
mortality. Western regions were charac terised by 
moderately low values of both risks while the risk of cold-
related and heat-related deaths was high in eastern 

Figure 1: Patterns of temperature-related mortality in 1368 European regions (1991–2020)
Cold-related and heat-related standardised death rates per 100 000 people based on 1991–2020 climate and 
population data for the year 2020 in the analysed regions. Each region (dot) is coloured according to the macro-
region it belongs. The UN M49 geoscheme22 was used to define macroregions (south: Croatia, Cyprus, Greece, Italy, 
Malta, Portugal, Slovenia, and Spain; west: Austria, Belgium, France, Germany, Luxembourg, the Netherlands, and 
Switzerland; north: Denmark, Estonia, Finland, Ireland, Latvia, Lithuania, Norway, Sweden, and the UK; east: 
Bulgaria, Czechia, Hungary, Poland, Romania, and Slovakia). A visual overview of the country distribution is 
included in the appendix (p 11). Regression lines denote a positive relationship between cold-related and heat-
related mortality in most macroregions.
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regions. The contribution of socioeconomic charac-
teristics is further reinforced by a positive correlation 
between regional GDP per capita and mortality risks 
(appendix p 15).

Projections indicate a shifting landscape of 
temperature-related deaths in Europe, where the median 
ratio of cold-related to heat-related deaths is projected to 
decrease substantially by the end of the century, from 
8·3:1 (1991–2020) to a range between 6·7:1 (1·5°C increase 
scenario) and 1·4:1 (4°C increase scenario; appendix p 6). 
The strong decline of this ratio with increasing global 
warming is attributed to the gradual decline of cold-
related mortality and the surge in heat-related deaths as 
more warming unfolds. This behaviour is largely driven 
by the increase of heat-related deaths, especially above 
the +2°C temperature threshold. The number of deaths 
will be highest among people aged 85 years and older 
(figure 2). This age group, in addition to  having greater 
vulnerability to extreme temperatures compared with 
other groups, will also increase in size substantially by 
2100 due to the expected rise in life expectancy. The 
overall net effect on mortality (increase in heat-related 
deaths minus reduction in cold-related deaths) is 
expected to remain highly positive for this age group, 
especially in warmer climate scenarios (appendix p 8).

Under the 3°C increase scenario, compared with the 
present (1991–2020), the range of regional cold-related 
mortality rates will narrow to 29–225 deaths per 
100 000 people. Maximum values will reduce by more 
than 25%, but the mean rate in Europe will remain 
largely unaffected (85·4 deaths per 100 000 people under 
the 3°C increase scenario vs 87·8 deaths per 100 000 
under the 1991–2020 scenario). Heat-related mortality 
rates are projected to increase markedly ranging from 
2 to 117 deaths per 100 000 people, with a north–south 
gradient. The projected mean heat-related mortality rate 
in Europe would be 30 deaths per 100 000 people, 
representing a three-fold increase compared with the 
1991–2020 scenario. Additionally, the distribution of 
heat-related deaths would be projected to skew further to 
the right (1·46), widening the gap in mortality impacts of 
heat across European regions. The standardised mortality 
rate attributable to heat and cold in Europe would 
increase from 98·7 deaths per 100 000 people (1991–2020) 
to 113·6 deaths in 2100, representing a 15% increase, 
corresponding to an additional 54 974 deaths (empirical 
95% CI 24 112–80 676) annually (table).

The direction of the projected change in cold-related 
mortality risk is mixed depending on the area considered 
(figure 3A). Under the 3°C increase scenario, standardised 
death rates due to cold would vary from 80 fewer to 
80 additional deaths per 100 000 people compared with 
the 1991–2020 scenario. Moderate declines in deaths 
would be observed in regions in eastern Europe (eg, 
–62·1 in Yambol Province, Bulgaria), with mild reductions 
in some parts of Germany (eg, –5·4 in Hannover), France, 
Italy, and Portugal. Moderate to high increases are 

Co
ld

-r
el

at
ed

 d
ea

th
s

H
ea

t-
re

la
te

d 
de

at
hs

Pr
es

en
t c

on
di

tio
ns

 
(1

99
1–

20
20

)
1·

5˚
C 

in
cr

ea
se

2˚
C 

in
cr

ea
se

3˚
C 

in
cr

ea
se

4°
C 

in
cr

ea
se

Pr
es

en
t 

co
nd

iti
on

s 
(1

99
1–

20
20

)

1·
5°

C 
in

cr
ea

se
2°

C 
in

cr
ea

se
3°

C 
in

cr
ea

se
4°

C 
in

cr
ea

se

(C
on

tin
ue

d 
fro

m
 p

re
vi

ou
s p

ag
e)

Ro
m

an
ia

26
 0

39
 

(2
5  9

87
–2

6 
10

3)
17

 4
28

  
(1

7 0
53

–1
8 

18
9)

16
 8

68
  

(1
6 

32
9–

17
 30

7)
15

 6
67

  
(1

5 2
73

–1
6 

00
1)

14
 26

3 
(1

3 8
04

–1
5 1

43
)

25
74

  
(2

37
3–

27
48

)
23

70
  

(1
86

9–
28

91
)

30
31

  
(2

40
3–

38
03

)
43

68
  

(4
03

6–
49

09
)

69
26

  
(6

26
0–

75
97

)

Sl
ov

ak
ia

46
09

  
(4

60
3–

46
23

)
51

29
  

(5
01

8–
53

26
)

49
31

  
(4

74
7–

50
49

)
44

72
  

(4
35

8–
46

48
)

40
38

  
(3

78
1–

42
05

)
46

6 
 

(4
05

–5
12

)
68

8 
 

(5
13

–8
76

)
80

7 
 

(6
21

–1
16

1)
12

67
  

(1
02

5–
13

96
)

19
18

  
(1

58
4–

20
89

)

Sl
ov

en
ia

10
88

  
(1

08
3–

10
90

)
11

61
  

(1
13

1–
11

85
)

11
06

  
(1

07
6–

11
35

)
98

8 
 

(9
64

–1
01

5)
86

8 
 

(8
34

–9
19

)
33

2 
 

(3
08

–3
46

)
42

8 
 

(3
55

–5
16

)
51

8 
 

(4
07

–6
53

)
73

2 
 

(6
11

–8
63

)
11

19
  

(8
91

–1
26

4)

Sp
ai

n
22

 50
8 

 
(2

2  3
40

–2
2 6

46
)

28
 70

5 
 

(2
8  

30
1–

29
 31

5)
26

 8
01

  
(2

6 
46

6–
27

 9
34

)
23

 27
2 

 
(2

2  6
14

–2
3 9

11
)

19
 6

03
 

(1
9 

07
0–

20
 37

3)
44

14
  

(4
17

2–
45

73
)

75
01

  
(6

81
9–

89
37

)
10

 6
35

  
(9

64
3–

12
 8

90
)

20
 19

4 
 

(1
8 

12
9–

24
 4

01
)

35
 9

28
  

(2
9 

21
3–

40
 9

87
)

Sw
ed

en
78

03
  

(7
76

1–
78

34
)

11
 9

42
  

(1
1 7

52
–1

2 2
56

)
11

 39
7 

 
(1

1 0
85

–1
1 7

55
)

10
 39

8 
 

(1
0 

21
3–

10
 75

5)
94

27
  

(9
25

2–
97

49
)

24
0 

 
(2

14
–2

85
)

63
8 

 
(4

03
–9

55
)

82
4 

 
(4

97
–1

20
9)

13
16

  
(1

06
1–

24
01

)
24

74
  

(1
67

7–
36

50
)

Sw
itz

er
la

nd
30

52
  

(3
02

4–
30

68
)

56
03

  
(5

43
2–

56
70

)
53

22
  

(5
14

1–
55

17
)

47
74

  
(4

71
1–

49
54

)
42

29
  

(4
01

7–
44

33
)

58
3 

 
(4

58
–6

68
)

12
74

 
(7

97
–1

65
1)

16
55

  
(1

14
2–

23
31

)
29

07
  

(2
19

7–
38

03
)

51
48

  
(3

28
1–

65
00

)

UK
64

 19
5 

 
(6

3 8
50

–6
4 

45
2)

75
 78

1 
(7

3 3
97

–7
6 

99
5)

72
 35

6 
 

(6
9 

90
0–

75
 9

17
)

64
 9

52
 

(6
4 

08
8–

69
 4

95
)

57
 8

94
 

(5
5 8

24
–6

2 9
40

)
12

58
  

(1
09

3–
16

13
)

23
83

  
(1

66
9–

32
44

)
33

78
  

(1
88

6–
45

40
)

79
31

  
(4

27
4–

88
33

)
11

 75
5 

(8
16

6–
16

 9
28

)

EU
-2

7
29

2 3
99

  
(2

91
 55

4–
29

3  6
64

)

30
2  6

76
  

(2
97

 33
0–

 
30

8  
13

6)

28
8  

27
3 

 
(2

79
 53

0–
 

29
5  2

33
)

25
6  

77
7 

 
(2

51
 6

93
– 

26
2  3

60
)

22
6 

90
7 

 
(2

18
 71

9–
 

23
2 1

27
)

41
 6

92
  

(3
8 

17
9–

 
43

 9
14

)

53
 9

16
  

(4
4 

55
4–

 
66

 0
86

)

70
 55

2 
 

(5
5 7

82
– 

87
 6

37
)

11
7 2

49
  

(9
2 5

75
– 

13
5 7

86
)

19
1 4

07
  

(1
47

 6
04

– 
21

5 0
08

)

Eu
ro

pe
36

3 8
09

  
(3

62
 4

93
– 

36
5  3

10
)

39
1  3

31
  

(3
83

 4
14

– 
39

7  5
31

)

37
2  8

57
  

(3
62

 14
0–

 
38

3  8
99

)

33
3  7

03
  

(3
26

 20
2–

 
34

3  4
54

)

29
6 

15
8 

 
(2

85
 50

6–
 

30
5 5

73
)

43
 72

9 
 

(3
9 

88
0–

 
45

 9
21

)

58
 0

57
  

(4
7 4

98
– 

70
 57

5)

76
 27

7 
 

(5
9 

26
3–

 
94

 8
82

)

12
8 

80
9 

 
(1

00
 28

3–
 

14
8 

45
3)

20
7 4

52
  

(1
56

 14
9–

 
23

4 
45

5)

Da
ta

 a
re

 m
ed

ia
n 

de
at

hs
 (e

m
pi

ric
al

 9
5%

 C
I).

 M
ed

ia
n 

de
at

hs
 w

er
e o

bt
ai

ne
d 

as
 th

e 
50

th
 p

er
ce

nt
ile

 o
f t

he
 d

ea
th

 d
ist

rib
ut

io
ns

 fr
om

 th
e 

11
 cl

im
at

e 
m

od
el

s a
nd

 tw
o 

em
iss

io
n 

sc
en

ar
io

s c
on

sid
er

ed
. E

m
pi

ric
al

 9
5%

 C
Is 

w
er

e o
bt

ai
ne

d 
as

 th
e 

5t
h 

an
d 

95
th

 
pe

rc
en

til
es

 o
f t

he
 d

ea
th

 d
ist

rib
ut

io
n.

 W
e u

se
d 

th
e 

20
20

 E
UR

O
PO

P2
01

9 
po

pu
la

tio
n 

fo
r t

he
 1

99
1–

20
20

 sc
en

ar
io

 a
nd

 so
cio

de
m

og
ra

ph
ic 

es
tim

at
es

 fo
r y

ea
r 2

10
0 

fo
r t

he
 re

sp
ec

tiv
e w

ar
m

in
g 

sc
en

ar
io

s. 
EU

-2
7=

al
l 2

7 
EU

 M
em

be
r S

ta
te

s.

Ta
bl

e:
 P

ro
je

ct
ed

 m
ed

ia
n 

co
ld

-r
el

at
ed

 a
nd

 h
ea

t-
re

la
te

d 
de

at
hs

 in
 E

ur
op

e 
un

de
r p

re
se

nt
 cl

im
at

e 
co

nd
it

io
ns

 (1
99

1–
20

20
; e

qu
iv

al
en

t t
o 

gl
ob

al
 w

ar
m

in
g 

of
 1

°C
) a

nd
 u

nd
er

 fo
ur

 d
iff

er
en

t w
ar

m
in

g 
sc

en
ar

io
s



Articles

www.thelancet.com/public-health   Published online August 21, 2024   https://doi.org/10.1016/S2468-2667(24)00179-8 7

projected in Poland, Czechia, Ireland, and some 
Scandinavian regions. In contrast, heat-related stan-
dardised rates would univocally increase in all European 
regions (figure 3B), with increases ranging from 0·5 to 
92 additional deaths per 100 000 people in regions of 
Spain. For heat-related deaths, the pattern of the 
projected increases follows a north–south gradient, 
where southern European regions will have the highest 
increase in excess deaths attributable to heat.

The role of climate is projected to vary depending on 
the considered temperature risk, showing a negative 
contribution to cold-related deaths and positive 
contribution to heat-related deaths (appendix p 14). The 
size of contribution of warming differs by geographical 
location, with net negative effects (ie, lower mortality) 
observed in the north and intensified positive effects (ie, 
higher mortality) in southern latitudes. The contribution 
of demographic forces was strongly driven by the ageing 
component and was much more pronounced for cold-
related mortality, since the relative risk of cold is notably 
higher than that of heat for all age groups, especially for 
older age groups. Overall, a small negative effect 
(2·4 fewer deaths per 100 000 people) on the cold-related 
death rate would be expected in Europe (appendix p 14), 
since the positive impact of ageing on the risk will be 
outweighed by the negative contribution of climate. 
Notable increases in cold-related death rates by country 
are expected in Ireland (39·5 additional deaths per 
100 000 people), Slovakia (19·0 additional deaths per 
100 000 people), and Norway (17·5 additional deaths 
per 100 000 people), all of which have a strong ageing 
population. Conversely, cold-related mortality rates 
would decrease in Bulgaria (39·2 fewer deaths per 
100 000 people) and the Baltic countries (35·8 fewer 
deaths per 100 000 people in Latvia and 29·7 fewer deaths 
per 100 000 people in Lithuania), due to a stronger decline 
in total mortality rates that would compensate for the 
ageing component. 

Heat-related death rates are projected to increase by 
17·3 additional deaths per 100 000 people under the 
3°C increase warming scenario in Europe. Heat-related 
mortality will increase in all countries with a clear 
gradient from north to south, with a larger increase in 
heat-related mortality towards southern regions, thus 
amplifying current heat-related risk patterns. In 
northern Europe, the increase would be around ten 
additional deaths per 100 000 people, while in the most 
southern regions this could be 3–4 times higher. Similar 
to the effects seen for cold-related mortality, the relatively 
stronger decline in total mortality in Bulgaria, Croatia, 
and Baltic countries is also projected to outweigh the 
effect of the ageing population on mortality, resulting in 
a net negative demographic effect of heat-related 
mortality (ie, fewer deaths). For other countries, ageing 
will result in a slight increase in heat-related mortality, 
but the total change is clearly dominated by global 
warming. Climate and demo graphic changes combined 

are estimated to result in an additional 14·9 expected 
deaths per 100 000 people annually in Europe. However, 
this impact varies greatly between regions, ranging from 
a decrease of 29 deaths in Latvia to an increase of 
95 deaths in Malta.

We identified areas of future heightened risk of heat-
related mortality (termed hotspots) where marginally 
greater susceptibility (ageing), greater hazard increase 
(warming), or a combination of the two are expected to 
result in a larger increase in mortality risk by 2050. These 
hotspots are primarily concentrated in southern latitudes, 
particularly in regions of Spain, Italy, and Greece, but 
also extend to more northern areas, significantly 
impacting a substantial part of France (figure 4). The 
most eastern regions will be affected by an intensification 
of warming, but total death risk attributed to heat will be 
mitigated mainly by a strong decline in total mortality in 
these areas. In northern Europe, mean heat during 
summer will increase but not enough to cause additional 
deaths. However, the expected ageing of the population 
will make this area more susceptible to extreme heat 
episodes (figure 4).

Discussion 
The risk patterns of cold-related and heat-related 
mortality in Europe are and will continue to remain 
largely heterogeneous, with marked differences between 
and within countries. In this study, we identified regional 
disparities in present risks, with risk of cold-related 
deaths 2·5 times higher in eastern regions than western 
regions and risk of heat-related deaths six times higher 
in southern regions than northern regions. Regional 
disparities were predicted to increase with warming, 
especially for heat-related mortality, with 9·3 times more 
deaths predicted in the south than in the north by 2100.

We identified clear risk discontinuities along country 
borders and the presence of regional clusters with a 
positive correlation between heat and cold mortality 
risks. This suggests the existence of local drivers beyond 

Figure 2: Age composition of temperature-related deaths in Europe by current and future warming scenarios
Cumulative number of deaths in Europe attributed to cold and heat by age group. Totals were obtained for current 
climate conditions (1991–2020) and four warming level scenarios. Totals for the 1991–2020 scenario are based on 
current (year 2020) population (EUROPOP2019) and data for the warming scenarios were obtained using year 
2100 sociodemographic conditions.
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climate and individual characteristics that explain the 
variability of mortality attributed to temperatures in 
these areas. This hypothesis is further reinforced by the 
positive association between mortality risks and regional 
income (a proxy for these risk-moderating drivers), 
particularly evident in the case of cold mortality. A careful 
consideration of policy-modifiable factors, such as the 
quality of health infrastructure, the presence of prepared-
ness plans,23 the quality of insulation of buildings,24 or 
the existence of physiological adaptation pathways12 is 
crucial for effective public health planning and climate 
adaptation strategies aiming to moderate the effect of 
temperature on mortality.

Our results suggest that climate change could pose 
unprecedented challenges to public health systems, 
especially during periods of extreme heat. Projections for 
the end of this century indicated a rise in heat-related 
mortality across all regions of Europe. This increase was 
projected to be be more pronounced as warming 
intensifies, particularly in a north to south direction across 
Europe. The evolution of cold-related mortality suggests a 
more complex interplay between the effect of warming 
and demographic shifts, which can push cold mortality 
risk downward or upward (eg, –20·5 expected deaths in 
Croatia, benefiting from lower overall mortality rates, 
compared with +39·5 deaths in Ireland, disadvantaged by 
a marked ageing of its population). The total effect for 
each region will depend on which of the forces dominates. 
For a 3°C increase in global warming scenario, 

corresponding with current climate pledges in place,14 a 
slight change in cold-related mortality is expected for 
Europe, whereas heat-related deaths will increase more 
than proportionally, causing the cold-related to heat-
related death ratio to decrease from 8·3:1 (1991–2020 
scenario) to 2·6:1 in 2100. The marked increase in heat-
related deaths highlights the cost of delaying climate 
action. Deviations from the climate target of an increase of 
2°C would result in an additional 13 378 deaths annually 
(under the 3°C increase scenario), and 54 476 deaths 
annually (under the 4°C increase scenario) in 2100, 
indicating that the cost of inaction grows exponentially if 
climate targets are not met. By 2100, based on our 
modelling, heat-related deaths in Europe could increase to 
more than 234 455 deaths annually in the worst scenario, 
compared with around 43 729 deaths for the current 
scenario (1991–2020), potentially shifting the mortality 
peak from cold to warm seasons in certain regions.25

There are two main factors driving these shifts: climate 
and demographic changes. Climatic drivers relevant to 
this impact assessment include the generalised increase 
in average temperatures, coupled with the proliferation 
of longer, more intense, and more frequent extreme heat 
episodes.26 Demographic shifts in Europe are predicted 
to be characterised by three processes: (1) an overall mild 
decrease (about –5%) in the total European population by 
the end of the century, subject to strong spatial variability; 
(2) a general and sustained population ageing process 
affecting all countries and regions, with the European 

Change in cold-related death rate (per 100000 people)

–80 –60 –40 –20 –10 0 10 20 40 60 80

Change in heat-related death rate (per 100000 people)

10 20 30 40 50 60 70 80

A B

Figure 3: Projected changes in the death rate in Europe and its determinant factors by 2100
Expected change in the regional cold-related (A) and heat-related (B) standardised death rates by 2100 (for a 3°C increase in global warming scenario and projected 
population in 2100).
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share of the population aged 85 years and older increasing 
from 2·9% (1991–2020) to 9·3% in 2100; and (3) a 
projected increase in life expectancy, indicated by a 
decrease in the total mortality rate across all age groups. 
Ageing and warming will be generalised and will 
extensively affect all the studied regions. However, these 
effects will be particularly pronounced in the identified 
hotspots, which can serve as focal points for targeted 
interventions and actionable adaptive measures. Other 
factors, such as the evolution of socioeconomic 
developments or other secondary consequences of  
climate change on demography—such as the effects of 
net migration—could influence total temperature-related 
deaths. Consequently, it should be noted that the 
projections presented in this study should be interpreted 
as conditional on current adaptation policies and 
socioeconomic characteristics.

Previous studies have found comparable estimates 
with regard to projected heat-related mortality in the 
UK,8 ratios of cold-related to heat-related deaths in 
Germany,27 number of heat-related deaths in 2022 in 
Europe,28 and number of cold-related deaths between 
2009 and 2017 in Switzerland.7 Several studies found 
differing baseline values, such as one study using data 
from 2022 in 35 European countries3, heat-related deaths 
in 2009–17 in Switzerland,7 and heat-related deaths in 
Spain.29 However, these differences could be potentially 
explained by the sample period considered, particularly 
the inclusion or exclusion of very warm years such as 
2003 or 2022–23, representative of 1·5–2°C warming.30,31 
A detailed comparison of findings with the existing 
literature is provided in the appendix (p 4).

Our analyses have several limitations, that need to be 
considered in the interpretation. First, the results 
presented are based on observations from a sample of the 
urban population living in medium to large cities. 
Consequently, not all regions were adequately sampled 
(particularly in eastern countries), and results do not cover 
rural populations. Urban populations typically face higher 
levels of temperature stress, particularly from heat.32 The 
presence of the urban heat island effect in cities, more 
evident during the night,33 can exacerbate the impacts of 
heat on health. Moreover, densely populated urban areas 
are particularly susceptible to heatwaves, which are 
increasingly frequent.34 Considering that the risk profiles 
of rural populations are not affected by these risk-
amplifying factors, our total estimates might be slightly 
overestimated. Second, estimates of future risk did not 
consider possible acclimatisation35 to warmer summers 
and the implementation of adaptation measures that can 
lead to the moderation of total risk. Third, we applied a 
double extrapolation method (cities to regions and regions 
to missing data regions), which propagates estimation 
uncertainty. Fourth, the effect of temperature on infants, a 
highly vulnerable population group,36 could not be 
investigated due to too small counts of deaths in that 
group to include them adequately in this type of data 

analysis. Similarly, our results do not account for gender 
or ethnicity. Future research should thoroughly consider 
of all these factors to improve precision of estimates of 
present and future temperature-driven mortality risk.

Finally, in a context of enhanced and greater climate 
policy ambition,37 human health considerations, with a 
focus on the most susceptible population groups, should 
be streamlined into all relevant policies and adaptation 
measures. For example, spatial planning and building 
standards are key adaptation policy levers to reduce heat-
related health risks.38 Additional efforts should be focused 
on regions with high unemployment, poverty, structural 
economic changes, emigration, and ageing populations, 
since they have a lower capacity to adapt to the impacts of 
climate change while simultaneously being hotspots 
where heat-related death will materialise more intensely 
in the coming years.
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Figure 4: Projected heat-related death hotspots in Europe by 2050
This bivariate map shows the joint effect of ageing and global warming 
determining heat-related death risk projected for mid-century (equivalent to a 
+2°C world and representing a target for medium-term health policies). 
It combines the expected change in the average level of regional summer 
temperatures with the projected share of population older than 85 years (the 
age group showing a higher relative mortality risk) by the year 2050. A version 
of this map for each of the two drivers is in the appendix (p 15).

Warming→

Ag
ei

ng
→



Articles

10 www.thelancet.com/public-health   Published online August 21, 2024   https://doi.org/10.1016/S2468-2667(24)00179-8

do not necessarily represent the decisions or the stated policy of the 
European Commission. All other authors declare no competing interests.

Data sharing
The exposure–response functions used in this analysis are publicly 
available in a Zenodo repository (https://doi.org/10.5281/zenodo.7672108).

Acknowledgments
AG, PM, and MNM received funding from the European Commission 
under the Call for Tenders (JRC/SVQ/2020/MVP/1654). MNM was 
supported by the European Commission (H2020-MSCA-IF-2020; 
REA grant agreement 101022870). We acknowledge the use of the E-OBS 
dataset from the EU-FP6 project UERRA (http://www.uerra.eu) and the 
Copernicus Climate Change Service, and the data providers in the 
ECA&D project (https://www.ecad.eu).

References
1 Romanello M, Napoli CD, Green C, et al. The 2023 report of the 

Lancet Countdown on health and climate change: the imperative for 
a health-centred response in a world facing irreversible harms. 
Lancet 2023; 402: 2346–94.

2 Vicedo-Cabrera AM, Scovronick N, Sera F, et al. The burden of heat-
related mortality attributable to recent human-induced climate 
change. Nat Clim Chang 2021; 11: 492–500.

3 Ballester J, Quijal-Zamorano M, Méndez Turrubiates RF, et al. 
Heat-related mortality in Europe during the summer of 2022. 
Nat Med 2023; 29: 1857–66.

4 Carleton T, Jina A, Delgado M, et al. Valuing the global mortality 
consequences of climate change accounting for adaptation costs 
and benefits. Q J Econ 2022; 137: 2037–105.

5 van Daalen KR, Tonne C, Semenza JC, et al. The 2024 Europe 
report of the Lancet Countdown on health and climate change: 
unprecedented warming demands unprecedented action. 
Lancet Public Health 2024; 9: e495–522.

6 Khomenko S, Cirach M, Pereira-Barboza E, et al. Premature 
mortality due to air pollution in European cities: a health impact 
assessment. Lancet Planet Health 2021; 5: e121–34.

7 de Schrijver E, Sivaraj S, Raible CC, Franco OH, Chen K, 
Vicedo-Cabrera AM. Nationwide projections of heat- and cold-
related mortality impacts under various climate change and 
population development scenarios in Switzerland. Environ Res Lett 
2023; 18: 094010.

8 Jenkins K, Kennedy-Asser A, Andrews O, Lo YTE. Updated 
projections of UK heat-related mortality using policy-relevant global 
warming levels and socio-economic scenarios. Environ Res Lett 
2022; 17: 114036.

9 Gasparrini A, Guo Y, Sera F, et al. Projections of temperature-
related excess mortality under climate change scenarios. 
Lancet Planet Health 2017; 1: e360–67.

10 Orru H, Åström DO. Increases in external cause mortality due to 
high and low temperatures: evidence from northeastern Europe. 
Int J Biometeorol 2017; 61: 963–66.

11 Son J-Y, Liu JC, Bell ML. Temperature-related mortality: 
a systematic review and investigation of effect modifiers. 
Environ Res Lett 2019; 14: 073004.

12 Rai M, Breitner S, Wolf K, Peters A, Schneider A, Chen K. Future 
temperature-related mortality considering physiological and 
socioeconomic adaptation: a modelling framework. 
Lancet Planet Health 2022; 6: e784–92.

13 Masselot P, Mistry M, Vanoli J, et al. Excess mortality attributed to 
heat and cold: a health impact assessment study in 854 cities in 
Europe. Lancet Planet Health 2023; 7: e271–81.

14 UN Environment Programme. Emissions gap report 2023: broken 
record–temperatures hit new highs, yet world fails to cut emissions 
(again). United Nations Environment Programme, 2023. 
https://doi.org/10.59117/20.500.11822/43922 (accessed 
March 15, 2024).

15 Eurostat. Urban Audit. 2021. https://ec.europa.eu/eurostat/web/
gisco/geodata/statistical-units/urban-audit (accessed Dec 13, 2021).

16 Jacob D, Petersen J, Eggert B, et al. EURO-CORDEX: new high-
resolution climate change projections for European impact 
research. Reg Environ Change 2014; 14: 563–78.

17 Dosio A, Fischer EM. Will half a degree make a difference? Robust 
projections of indices of mean and extreme climate in Europe under 
1.5°C, 2°C, and 3°C global warming. Geophys Res Lett 2018; 45: 935–44.

18 Cornes R, van der Schrier G, van den Besselaar EJM, Jones PD. 
2018: an ensemble version of the E-OBS temperature and 
precipitation datasets. J Geophys Res Atmos 2018; 123: 9391–409.

19 Intergovernmental Panel on Climate Change. Climate change 
2021–the physical science basis: Working Group I Contribution to 
the Sixth Assessment Report of the Intergovernmental Panel on 
Climate Change. Cambridge University Press, 2023. https://doi.
org/10.1017/9781009157896 (accessed March 18, 2024).

20 Eurostat. NUTS - Nomenclature of Territorial Units for Statistics. 
History. https://ec.europa.eu/eurostat/web/nuts/history (accessed 
Dec 10, 2021).

21 Vousdoukas MI, Mentaschi L, Voukouvalas E, Bianchi A, Dottori F, 
Feyen L. Climatic and socioeconomic controls of future coastal 
flood risk in Europe. Nat Clim Chang 2018; 8: 776–80.

22 UN. Methodology. Standard country or area codes for statistical use 
(M49). https://unstats.un.org/unsd/methodology/m49/ (accessed 
Dec 10, 2023).

23 Errett NA, Hartwell C, Randazza JM, et al. Survey of extreme heat 
public health preparedness plans and response activities in the 
most populous jurisdictions in the United States. 
BMC Public Health 2023; 23: 811.

24 Wang C, Wang J, Norbäck D. A systematic review of associations 
between energy use, fuel poverty, energy efficiency improvements 
and health. Int J Environ Res Public Health 2022; 19: 7393.

25 Madaniyazi L, Armstrong B, Tobias A, et al. Seasonality of mortality 
under climate change: a multicountry projection study. 
Lancet Planet Health 2024; 8: e86–94.

26 Fischer EM, Schär C. Consistent geographical patterns of changes 
in high-impact European heatwaves. Nat Geosci 2010; 3: 398–403.

27 Huber V, Krummenauer L, Peña-Ortiz C, et al. Temperature-related 
excess mortality in German cities at 2°C and higher degrees of 
global warming. Environ Res 2020; 186: 109447.

28 Vicedo-Cabrera AM, de Schrijver E, Schumacher DL, Ragettli MS, 
Fischer EM, Seneviratne SI. The footprint of human-induced 
climate change on heat-related deaths in the summer of 2022 in 
Switzerland. Environ Res Lett 2023; 18: 074037.

29 Tobías A, Íñiguez C, Royé D. From research to the development of 
an innovative application for monitoring heat-related mortality in 
Spain. Environ Health 2023; 1: 416–19.

30 World Meteorological Organization. WMO update: 50:50 chance of 
global temperature temporarily reaching 1.5°C threshold in next five 
years. World Meteorological Organization, 2022. https://wmo.int/
news/media-centre/wmo-update-5050-chance-of-global-
temperature-temporarily-reaching-15degc-threshold-next-five-years 
(accessed March 13, 2024).

31 Hermanson L, Smith D, Seabrook M, et al. WMO global annual to 
decadal climate update: a prediction for 2021–25. 
Bull Am Meteorol Soc 2022; 103: E1117–29.

32 de Schrijver E, Royé D, Gasparrini A, Franco OH, Vicedo-Cabrera AM. 
Exploring vulnerability to heat and cold across urban and rural 
populations in Switzerland. Environ Res Health 2023; 1: 025003.

33 Mentaschi L, Duveiller G, Zulian G, et al. Global long-term 
mapping of surface temperature shows intensified intra-city urban 
heat island extremes. Glob Environ Change 2022; 72: 102441.

34 Vautard R, Cattiaux J, Happé T, et al. Heat extremes in Western 
Europe increasing faster than simulated due to atmospheric 
circulation trends. Nat Commun 2023; 14: 6803.

35 Shindell D, Zhang Y, Scott M, Ru M, Stark K, Ebi KL. The effects of 
heat exposure on human mortality throughout the United States. 
GeoHealth 2020; 4: e2019GH000234.

36 Schinasi LH, Bloch JR, Melly S, Zhao Y, Moore K, De Roos AJ. High 
ambient temperature and infant mortality in Philadelphia, 
Pennsylvania: a case-crossover study. Am J Public Health 2020; 
110: 189–95.

37 European Commission. Securing our future: Europe’s 2040 climate 
target and path to climate neutrality by 2050 building a sustainable, 
just and prosperous society. 2024. https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=COM:2024:63:FIN (accessed March 20, 2024).

38 Iungman T, Cirach M, Marando F, et al. Cooling cities through 
urban green infrastructure: a health impact assessment of 
European cities. Lancet 2023; 401: 577–89.


	Temperature-related mortality burden and projected change in 1368 European regions: a modelling study
	Introduction
	Methods
	Time series epidemiological analysis
	Climate models
	Population projections
	Regional aggregation and extrapolation
	Regional economic data
	Contribution analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


