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SEDUTA DEL CONSIGLIO COMUNALE IN DATA 27/11/2023 — ore 20.30
DELIBERAZIONE N. 75

OGGETTO : ORDINE DEL GIORNO AVENTE AD OGGETTO: “CONVERSIONE ECOLOGICA E
CONTRASTO Al CAMBIAMENTI CLIMATICI”

Componenti presenti in aula n. 16 su n.17.

E’ assente giustificato il Consigliere Marco Fratto.
E’ inoltre presente 'Assessore Esterno: Maurizio M. Tomio.

i Sindaco cede la parola al Consigliere Stefano Sapone per J'illustrazione dell'ordine del
giorno in oggetto, allegata SUB B) al presente verbale.

Seguono gli interventi di alcuni Consiglieri Comunali, come riportato su supporto audio &
depositato agli atti, a norma dellart.60, 3° comma del vigente regolamento per il
funzionamento del Consiglio Comunale e delle Commissioni Consiliari.

Alle ore 21.55 il Sindaco si assenta e rientra alie ore 22.10.

La seduta viene sospesa alle ore 22.25 per riprendere alle ore 22.35, per una breve
riunione al fine di concordare un testo unitario.

Dopo la sospensione, viene portato allapprovazione un testo modificato dellordine del
giorno.

IL CONSIGLIO COMUNALE
Visto I'ordine del giorno presentato dai Consiglieri del gruppo “Canegrate insieme” Davide
Spirito e Stefano Sapone prot. n. 16619 del 20/11/2023, allegata SUB B) al presente

verbale;

Visto il testo emendato dellordine del giorno allegato SUB A) al presente verbale,
concordato dai Capigruppo a seguito della sospensione della seduta di cui sopra;

Ritenuto di provvedere all'approvazione dello stesso;

Dato atto che la presente deliberazione costituisce mero atto di indirizzo e non
necessita quindi del parere di cui allart. 49, comma 1, del D.Lgs 267/2000;

Con voti favorevoli n.16, espressi per alzata di mano dai n.16 Consiglieri presenti e
votanti;

DELIBERA

1) Di approvare l'ordine del giorno presentato dai Consiglieri del gruppo “Canegi@
Insieme”, Davide Spirito e Stefano Sapone, avente ad oggetto : “Conve .i(;?n
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ecologica e contrasto ai cambiamenti climatici” nel testo che si allega al

presente atto SUB A) quale parte integrante e sostanziale, con le modifiche
apportate dal Consiglio Comunale di cui in premessa..

All.tif - SUB A) ordine del giorno emendato ed approvato
SUB B) ordine del giorno prot. 16619 del 20/11/2023.
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Allegato alia deliberazione <8 A)
CC.n. 15 del_2aLufoce3

MATYED

MODICA

SIMDALO

ORDINE DEL GIORNO
“Conversione ecologica e contrasto ai cambiamenti climatici”

Premesso che

- [lltalia & freguentemente attraversata da eventi climatici estremi caratterizzati da elevate
temperature, incendi, nubifragi, grandinate anomale e violente trombe d’aria che hanno colpito diversi
territori da nord a sud, in un crescendo di frequenza e di intensitd, causando vittime e feriti, oltre che
ingenti danni economici e ambientali;

- anche in Canegrate, lo scorso 24 luglio, si & verificato un evento meteorico eccezionale ed
imprevedibile, con violenti scrosci di pioggia, tromba d’aria e grandine di rilevanti dimensioni, che
hanno provocato ingenti danni sull'intero territorio comunale e sugli edifici di proprieta pubblica e
privata;

- 1 cambiamenti climatici rappresentano una minaccia concreta e urgente ed & dovere delle istituzioni
non sottovalutarne gli effetti perché interessano in modo diretto fa vita dei cittadini;

- solocon azioni concrete e impegni seri possiamo sperare di avere cura e di proteggere il nostro pianeta,
per preservare il benessere delle cittadine e dei cittadini oggi e per preservare da danni ancora
maggiori quello delle generazioni future.

- la transizione energetica, fondamentale per mitigare e rallentare I'evolvere della crisi climatica, &
anche una priorita assoluta per lo sviluppo sostenibile def territorio.

Considerato che:

- la Commissione Europea ha lanciato il Green deal, un piano per fare dell’Europa il primo continente a
zera Impatto ambientale entro il 2050, che rappresenta la migliore risposta alla sfida del cambiamento
climatico;

- I'Osservatorio Citta Clima di Legambiente ha rilevato che nei primi cinque mesi del 2023 si 2 registrato
il +135% degli eventi climatici estremi rispetto allo stesso periodo del 20221

- larivista scientifica Nature ha pubblicato uno studio sull’associazione tra alte temperature e mortalita
dove rileva che i pits alti rischi di mortalita correlata al calore siano nei paesi vicino al Mar Mediterraneo

e valgano per tutti i sessi e gruppi di eta, con valori generalmente pill elevati per gli anziani%
- honostante cid, il Governo ha deciso di eliminare dal PNRR nove progetti fondamentali per la
transizione ecologica per un totale di 15,9 mifiardi, molti dei quali coinvolgevano direttamente i
comuni,

Rilevato che:
- la Direttiva RED If (RED & I'acronimo di Renewable Energy Directive Recast owera Nuova versione
aggiornata defla direttiva sulle energie rinnovabili) UE 2018/2001 in merito aile energie rinnovabili
ha definito 'autoconsumo collettivo e le CER come un’aggregazione di autorita locali, cittadini,

* https://cittackima.it/2023/06/05/ i-nuovi-dati-citta-clima-in-occasione-della-giornata-mondiale-dellambiente/
? https://www.nature.com/articles/s41591-023-02419-z; https:/fwww.nature.com/articles/s41591-023-02649




piccole e medie imprese che si uniscono per produrre e condividere I'energia elettrica generata da
fonti rinnovabili, portando vantaggi economici, ambientali e sociali ai singoli e alle comunita;

- le CER (Comunita Energetiche Rinnovabili) rivestono un ruolo strategico per diffondere tra la
popolazione la cultura della sostenibilita, per sviluppare le rinnovabili e, se supportate da fondi
pubblici mirati, per ridurre le disuguaglianze e sostenere persone che attraversano periodi di fragilita
economica e/o povertad energetica; esse rappresentano una importante opportunitd e un modelio
innovativo tanto sociale, guanto di gestione dell'energia, gia ampiamente diffuso in altre aree
europee;

- In italia, le disposizioni relative alle CER di cui alla Direttiva RED Il hanno trovato preliminare
attuazione con una disciplina transitoria e sperimentale {art. 42-bis del d.l. 162/2019 s.m.i.).
Successivamente il d.lgs. 199/2021, ha recepito la Direttiva RED Il e ha stabilizzato ta disciplina
relativa alfle CER;

- nonostante cid, in Italia le CER faticanc a diffondersi e sono ancora pochissime quelle reaimente
attive o che stanno ricevendo gli incentivi statali erogati dal Gestore dei servizi elettrici (Gse). A
pesare sul loro avvio si contano: lungaggini burocratiche, la mancanza degli incentivi da parte del
Ministero dell'ambiente e della sicurezza energetica, il ritardo sull'emanazione delle regole attuative,
che si uniscono alle difficolta nel ricevere le registrazioni e il ricevimento degli incentivi o i preventivi
onerosi per allacei alla rete. Risulta, infatti, ancora inattuata la disposizione contenuta nell'articolo 8
del d.lgs. 199/2021 che indicava 180 giorni per aggiornare i meccanismi di incentivazione, ovvero
entro maggio 2022; nelle more per le CER trova applicazione la discipiina di promozione e di
incentivazione transitoria di cui all’articolo 42-bis del decreto-legge n. 162 del 2019;

- il Ministero dell'ambiente e della sicurezza, pur avendo annunciato I'awvio dell'iter con I'Unione
europea sulla proposta di decreto di cui al citato articolo 8 del d.lgs. 199/2021 che incentiva la
diffusione di forme di autoconsumo di energia da fonti rinnovabili, pur rassicurando ciclicamente sul
completamento imminente della normativa, non ha ancora fornito alcun chiarimento in relazione
agli incentivi ed ai tempi di conclusione del procedimento.

Preso atto, altresi, che il Comune di Canegrate:

- eimpegnato, attraverso molteplici progettualita ed interventi, sul tema del contrasto ai cambiamenti
climatici, in coerenza con gli oblettivi della missione 2 del Piano Nazionale di Ripresa e Resilienza
“Rivoluzione verde e transizione ecologica” in tema di efficientamento energetico degli edifici
pubblici, efficientamento della gestione idrica e miglioramento della gestione delle acque di pioggia,
mobilita sostenibile, ciclo dei rifiuti, utilizzo fonti rinnovabili, adattamento al cambiamento climatico
dei territori;

- con delibera di Consiglio Comunale n. 23 del 5 aprile u.s. ha approvato alfunanimit la costituzione
di comunita di energia rinnovabile, con la conseguente necessita di provvedere ad ogni azione utile
a promuoverne la costituzione sul territorio comunale;

- insede di prima attuazione di tale deliberazione, il 30 maggio u.s. si & svolto un partecipato incontro
avente ad oggetto le CER, aila presenza di relatori qualificati, con 'obiettivo di diffondere e favorire
I'istituzione delle stesse;

- in coerenza con la previsione dell'art. 7 dello Statuto intende continuare nellattivitd di
programmazione e realizzazione, anche mediante I'accesso a risorse economiche regionali, statali e
comunitarie, delle azioni di contrasto agli effetti negativi del cambiamento climatico, di riduzione
dell’inguinamento e def consumo di fonti di energia non rinnovabili, anche mediante Fistituzione e
I"avvio dei primi impianti CER.

Tutto cid premesse, rilevato e considerato, questo Consiglio Comunale:
esprime la propria preoccupazione e la propria contrarieta ai ritardi continui con cui si procede nella——.
definizione dell'impianto normativo nazionale fondamentale per la trasformazione del ggﬁ?ro‘,,_,_
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todello di approvvigionamento energetico da fossile a rinnovabile e in particolare a quelli necessari
per completare il sistema di incentivazione e regolazione per la realizzazione delle CER;

- auspica come necessaria la celere definizione dei citati provvedimenti attuativi del decreto legislativo
n. 199 del 2021 riguardanti la disciplina dell'autoconsumo e dele comunita energetiche.

- riafferma la necessita di assicurare una capillare attivazione delle CER assicurande il pieno e totale
supporto.

E, pertanto, impegna il Sindaco e la Giunta:

- a sollecitare il Governo affinché metta in campo politiche e maggiori risorse per programmare e
realizzare una vera conversione ecologica nell'interesse dei cittadini e dell'ambiente, partendo dal
rifinanziamento dei nove progetti del Pnrr che sono stati eliminati dal Piano, anche attraverso altre
fonti di finanziamento, e dalla definizione dei provvedimenti attuativi sopra ricordati in merito alle
CER;

- a rappresentare in tutte le sedi necessarie il punto di vista espresso dal Consiglio Comunale,
trasmettendo questo atto di indirizzo al Presidente della Repubblica, al Presidente del Consiglio dei
ministri, ai Presidenti di Camera e Senato, ai gruppi parlamentari di Camera e Senato, al Presidente
della Regione e ai gruppi consiliari regionali.

Davide Spirito — consigliere comunale “Canegrate Insieme”
Stefano Sapone - consigliere comunale “Canegrate Insieme”




Allogato alla deliberazione
ce.n 15 del 1l o f'sjo@:,g)

COMUNE Ul CANEGRATE
Protocalio generale
n. 0018619 del 20-11-2023

M

ORDINE EEL GIORNO
“Conversione ecologica e contrasto al cambiamenti climatici”

Premesso che
- lltalia ¢ frequentemente attraversata da eventi climatici estremi caratterizzati da slevate
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temperature, incendi, nubifragl, grandinate anomale e violente trombe d’aria che hanno colpito diversi 3
territori da nord a sud, in un crescendo di frequenza ¢ di intensita, causando vittime e feriti, altre che s
ingenti danni economici @ ambientali; 5

- anche in Canegrate, lo scorso 24 luglio, si & verificato un evento meteorico eccezionale ad »
imprevedibile, con violenti scrasci di pinggia, tromba d’acia e grandine di rifevanti dimensioni, che T;
hanno provocato ingenti danni sullintero territorio comunale e sugli edifici di propriets pubbilica e :lf
privata; a

i cambiamenti climatici rappresentanc una minaccia concrety e urgente ed & dovere delle istituzioni %3

nen sottovalutarie gli effetti perché interessano in mado diretto la vita dei cittadini; o

- solocon azioni concrete e impegni seri possiama sperare di avere cura e di proteggara il nostro pianeta, ‘E
per praservare il benessere delle cittadine e dei cittadini oggi e per preservare da danni ancora §
maggior gquello delle generazioni future. s

- la transizione energetica, fondamentale per mitigare e rallentare ¥evolvere della crisi climatica, & .
anche una prioritd assoluta per to sviluppo sostenibile del territorio. §

o

°

Cansiderato che: %
- laCommissione Europea ha lanciato it Green deal, un piano per fare dell’Europa il primo continente a f
sarg impatto ambientale entra il 2050, che rappresenta la migliore risposta alia sfida del cambiamento =
climatico; ;

- FOsservatorio Citta Clima di Legambiente ha rilevato che nei prim! cingue maesi del 2023 si & registrato 2

it +135% degli eventi climatici estremi rispetto alto stessa periodo del 2022*;

la rivista scientifica Mature ha pubblicato uno studio sufl’associazione tra alte temperature ¢ mortakita
dove rileva cha i piu alti rischi di mortalita correlata & calore siang nai paesivicing al Mar Mediterraneo
@ valgano per tutfi | sessi e gruppi di etd, con valori generalmenta pia elevati per gli anziani®;
nonostante cio, it Governo ha deciso di eliminare dal PNRR nove progetti fendamentali per la
transizione ecologica per un totale di 15,9 miliacdi, molti dei quali coinvolgevana direttamente i
comuni,

Rilevato che:
la Drirettva RED i1 [RED & Pacronimo di Rerewable Energy Directive Recast owiers Nugva versione
aggiornaty deila dirattiva sulle energfe cinnavabili) UE 2018/2001 in merito alle snergie rinnovabili
ha defirite ¥3uioconsumo coflettivo e e CER come un‘aggregazione di autorita .ocali, cittading

Cptrps/foitraciina. 207 3706075 - o dat <ita-dima-in-accasione -daitk-giormata-mordaie-dellambiente/
Santpss ey e cor ardcias s 139 L2302 L3 -1 Atas /e ature soer/articles, 24159002 3-02649- |




piccole e medie imprese che si uniscono per produrre e condividere Ienergia elettrica genarata da
fonti rinnovabili, portando vantaggi economici, ambientali e sociali ai singofi e alie comunita;

le CER (Comunita Energetiche Rinnovabili) rivestono un ruolo strategico per diffondere tra la
popolazione fa cultura della sostenibilita, per sviluppare le rinnovabili e, se supportate da fondi
pubblici mirati, per ridurre le disuguaglianze e sostenere persone che attraversana periodi di fragilita
economica e/o povertd energetica; esse rappresentano una importante opportunita e un modello
innovativo tanto sociale, quanto di gestione dell'energia, gia ampiameante diffuso in aitre aree
guropes;

in ltalia, fe disposizioni relative alle CER di cui alla Direttiva RED 1l hanno trovato praeliminare
attuazione con una disciplina transitoria e sperimentale {art. 42-bis del d.|. 162/2019 sm.i.).
Successivamente il d.igs. 193/2021, ha recepito la Direttiva RED it e ha stabilizzato la disciplina
ralativa alle CER;

nonostante ¢io, in ltalia ie CER faticano a diffandersi e sono ancora pochissime quelle realmente
attive o che stanno ricevendo gli incentivi statali erogati dal Gestore dei servizi elettrici (Gse). A
pesare sul loro awvio si contano: lungaggini burocratiche, la mancanza degli incentivi da parte del
Ministero dell'ambiente e deila sicurezza energetica, il ritardo sull'amanazione delle regole attuative,
che si uniscoro alle difficalta nel ricevere le registrazioni e il ricevimento degli tncentivi o i preventivi
onerosi per allacci alla rete. Risulta, infatti, ancora inattuata la disposizione contenuta neliarticolo 8
del d.lgs. 199/2021 che indicava 180 giorni per aggiornare | meccanismi di incentivazione, owerg
entro maggio 2022; nelle more per le CER trova applicazione la discipiina di promozione e di
incentivazione transitoria di cui all'articalo 42-bis del decreto-legge n. 162 del 2013;

il Ministero dell'ambiente e della sicurezza, pur avendo annunciato 'avvio dell'iter con 'Unione
europea suila proposta di decreto di cui al citato articolo 8 del d.lgs. 199/2021 che incentiva la
diffusione di forme di autoconsumo di energia da fonti rinnovabili, pur rassicurando ciclicamente sul

campletamento imminente della normativa, non ha ancora fornito alcun chiarimento In relazione .

agli incentivi ed ai tempi di conclusione del procedimento;

continuano ad esserci ritardi cantinui ed incomprensibili sulle CER ¢che danneggiano pesantemente il
nostro Paese e un‘assenza di risposte sulle promesse fatte in relazione ai 2,2 miliardi di euro 2 fondo
perduto per le CER nei comuni sotto i 5.000 abitanti con I'attivazione di oltre quindicimita nuovi
impianti.

Presa atto, altresi, che il Comune di Canegrate:

& impegnato, attraverso molteplici progettualita ed intervent, sul tema del contrasto ai cambiamenti
climatici, in coerenza con gl ohiettivi della missione 2 del Piana Nazionale di Ripresa e Resilienza
“Rivoluzione verde e tronsizione ecologica” in tema di efficientamento energetico degli edifici
pubblici, efficientamento della gestione idrica e miglioramento della gestione delle acque di piogeia,
maobilitd sostenibile, ciclo dei rifiuti, utilizzo fonti rinnovabili, adattamento al cambiamento elimatico
dei territori;

con delibera di Consiglio Comunale n. 23 del § aprite u.5. ha approvato all unanimita la costituzione
di comunita di eoergia rinnovabile, con la canseguente nacessita di provvedere ad agni azione utile
a promuoverne fa costituzione s territorio comunale;

in sede di prima attuazione di tale deliberazione, if 30 maggio u.s. si & svolto un partecipato incontro
avente ad oggetto le CER, alla presenza di relatori qualificat:, con Pobiettivo di diffondere e favorire
Fistituziane deile stesse;

in coererea con la orevisione defl’art. 7 dello Statuto intende continuare nallattivitd di
programimazione e realizzazione, anche mediante I'accesso a risorse aconomiche ragionali, statali e
comunitarie, delle azioni di conivasto aghi effetti negativi del cambiamento climatico, di riduzione
deif inquinamante e del consumo di fonti di energia nor rinnovabili, anche mediante Pistituzione a
{avvio dei primi imgianti CER.
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Tutto cid premesso, rilevato e considerato, questa Consiglio Camunale:

- esprime la propria preoccupazione e la propria contrarieta ai ritardi continui con cul si procede neila
definizione dellimpianto normativo nazionale fondamentale per la trasformazione del nostro
medello di approvvigionamento energetico da fossile a rinnovabile e in particolare a quelli necessari
per completare il sistama di incentivazione e regolazione per fa realizzazione dalle CER;

- auspica come necessaria la celere definizione dei citati provvedimanti attuativi del decreto legislativo
n. 199 del 2021 riguardanti la discipiina dell'autoconsumo e delle comunitd energetiche.

- riafferma la necassitd di assicurare una capillare attivazione delle CER assicurando il pienag e totale
suppaorto.

E, partanto, impegna il Sindaco e la Giunta:

- asollecitare il Governo affinché metta in campo politiche e risorse per programmare e realizzare una
vera conversione ecologica nell'interasse dei ¢ittadini @ dell'ambiente, partendo dal rifinanziamento
dei nove progetti del Pnrr che sono stati eliminati dal Piano e dalfa definizione dei provvedimenti
attuativi sopra ricordati in merito alle CER,;

- a rappresentare in tutte le sedi necessarie il punto di vista espresso dal Consiglio Comunale,

3
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trasmettendo questo atto di indirizzo al Presidente della Repubbilica, al Presidente del Consiglio dei :«3
ministri, al Presidenti di Camera e Sanato, ai gruppi parlamentari di Camera & Senato, al Presidente n

della Regione e ai gruppi consiliari regionali. :.)‘
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Stefang Sapone - consigliere comunale "Canegrate Insieme .
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Heat-related mortality
summerof2022
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Qver 70,000 excess deaths occurred in Europe during the summer of 2003,
The resulting societal awareness led to the design and implementation

of adaptation strategies to protect at-risk popufations. We aimed to
quantify heat-related mortality burden during the summer of 2022, the
hottest seasononfecord in Europe. We analyzed the Eurostat morcality

database, whichinc

ludes 45,184,044 counts of death from 823 contiguous

regions in 35 European countries, representing the whole population of
over 343 million people. We estimated 61,672 (95% confidenceinterval

(Cl)=37,643-86,80

7) heat-related deaths in Europe between 30 May and

4 September 2022. ltaly (18,010 deaths; 95% C1=13,793-22,225), Spain
{11,324; 95% C1 =7,908~14 ,880) and Germany (8,173; 5% Cl = 5,374-11,018)
had the highest summer heat-related mortality nuinbers, while ltaly {295
deaths per millien, 95% Cl = 226--364), Greece (280, 95% CI = 201-355), Spain
(237,93% Ci = 166--312) and Portugal (211, 95% C = 162 -255) had the highest

heat-related mortal
heat-related deaths
{+41%)and 65-79 (+

ity rates. Relative to population, we estimated 56% maore
in women chan men, with higher rates in men aged 0-64
14%) years, and In women aged 80+ years {(+27%). Our

results call for areevaluation and strengthening of existing heat surveillance
platforms, prevention plans and long-term adaptation strategies.

Astthropogenic emissions of greenhouse gases have led to a detectable
rise in global remperacures, whickt is associated with an increase in the
frequency andintensity of heatwaves and hotsummers ~. Globally, thefast

Exposure to fieat poses a major threat to high-risk populations
in furope and worldwide by substantially contriburing to increased
morbidity and mostality - Heat waves are the axtreme weather svents

8 years have been thewarmeston record, and 2022 was thefifth warmest  with che highestimpact in terms of areributable counts of death .

year . [n this context, Europe emerges as a major climatic hotspot -,

Heat-related mortality has been a major concern for the past two

given that warming since preindusteial levels s almost £ °C higher than  decades in Europe, especially after the 71,449 axcess deaths regis-
the correspornding global increase, and higher than in any other conti-  tered durlng the months of Junte. fuly. August and September of 2003

nent . Moreaver, climate change prajections for the cantinentindicate

{ref. . 2). The resulting societal awareness of the short term health

that cemperatures, and their health impacts, will rise at an accelerated  effects of heatled to the design and implemenitationaf ieat prevention
rate ynless scrong mitgation and adaptation actlons are putinpiace . plans and other adaptation strategies to protect ac-risk populations
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across the continent . thatis, older sdults with preexisting cardiovas-
cularand respicatory diseases’ ™, women'™ g socially isolated ™
orsocioeconomically disadvantaged™ individuals, Although therels
some evidence thatheat prevention plans, including preparedness and
response strategies, intarvention actions and heat-health early warning
systems. canreduce the health burden of ambient temperatures, the
evidance of their effecciveness is stilktimited " .

The summer af 2022 was the hottest seasan on record in Europe,
characterized by an intanse series of heat waves, which led to
extremes In terms of temperature, drought and fire activity ", The
record-breaking temperatures during the summer of 2022 were moni-
tored by existing surveillance systems, activating an array of nationat
ind regional heat prevention and adaptation plans. The European
Statistical Office, Eurostat, reported unusually high excess mortal-
ity rates for the sumimer of 2022 (ref. 2=), but sc Far the hest-refated
mortalicy burden has not been guantified acrass the European con-
tineqt. The aim of this study was to use epidemiotogical models to
estimate the sex- and age-specific martality burden associated wich the
recard-breaking temperacures registered during the 14-week perind
between 30 May and 4 September 2022 (weeks 22-33). Moreover, we
compared this mortality burden within the broader context of the
sumnier of 2003 and the accelerated warming ohserved in the
continent during the {ast decade (2013-2022),

Results

Association between temperature and mortality

The cumulative temperature—martakizy association in Europe shows
amanotonically increasing risk of death for temperatures above and
below the minimum morality temperature (Fig. t:.x; associations by
sex and age groups avaitable in Extended Daca Fig. la-d). Thisoptmum
ternperature wasaround 17-19 °C, with small differences aceording to
sex (18,32 °C for women and 18.55 °C for men), but generally warmer
values for older adults (£7.39, £8.33 and 13.56 °C for the age groups
0-64, 63-79 and 80+ years, respectively. The slopes ofthe relative risk
(RR) assoctationfor iemperatures colder and hotter than the optimum
temperature also increased with age {Fig. ) however, theaga risk
pattern differed according to sex {Extended Data Fig. lb-d). On the
one hand, the slope for colder temperacures was similar in women and
men, except in the age group 0-64 years, in which the risk was higher
in men. On the other rand. the slope for hotter temperatures was
steeper in men aged O-64 years and in wames aged 45-79 and
80~ years. The overall spatial distribution of the RR at the temperatire
95th centile emphasizes the latitudinat differences in heat-related
mortality visk (Fig. 1:}. Thus, the highest risks of heat-related moreality
were observed in countries near the Meaditerranean Sexin all sex and
age groups, with generally higher values for older aduits (Fig. ! =) and
warnten (Fig_ 1+.7),

Temperatures and heat-related mortality numbers

Observed Eyropean mean temperatures uninterrupredly exceaded
the baseline climatolegical values of the 1991-2020 period in all of the
weeks during summer 2022 (Fig. 1. European weekly temperature
ancwualies in 2022 ranged between 0.78 and «2.33 °Cin June {weeks
22-26), between 038 and +3.36 °Cirtjuly (waeks 26-30), and between
+0.91and +2.67 °C in August (weeks 31-35). Although several subeanti-
nental warmer-than-average weeks were recorded during the summer
(Extended Data Figs, 2-6), the most intense, pan-European heat wave
was abserved during week 29 (berween 18 and 24 Juby). this week alone
was estimated to be associated with 11,637 (95% confidence interval
(CI) = 7,639 -15,970} heat related deaths i Fig, 7°), partieniarlyin Central
aad Southern Eurape (Extended Data Fig, 4c.d). The largest [emper-
ture anomalies coincided with the peak of the maan annuai cycie of
temperatures, thatis, from mid-juty to mid-Augusc (Fig. 2.). The joine
effect of the annual 2yele and the omalics magnified the raortalicy
aumbers and was psociated with 38,381 (95% ©1 = 25.051-33. 690

heat-refated deaths between 11 Julyand 14 August (Fig, 2h), Heat-related
mortalicy during this S-week period accounted for nearly two-thirds of
the overallsummer (61,672; 95% C1 = 37,643 -86,807: Table tyand annual
(62,362, 95% Cl = 37,935-88.730; Supplementary Table [) heatrelated
mortality numbers. Italy (18,010; 95% Cl = 13,793 -22, 225), Spain (1,324
95% Cl = 7908 -1-+.880), Germany (8.173:95% Cl = 5,374 - 11,018), France
(4.807; 95% Cl=1,739-8,123), the Unirad Kingdom (3,469; 95% CI =
370-6,676)and Greece (3,092;95% Cl = 2,217-3,915) were the countries
with the highest suremer beat-ralated deaths (Table 1.

We estimated 63% more heat-relatad deaths inwomen {35,406:95%
CI=20.576-46,634) thanin men (21,667; 95% C1 = 14,684 -27 998} during
the summer of 2022 (Table L and Suppiementary Table 2), The death
tolt sceeply increased with age, with 4.822 (95% C1 = L130-8.158),9,224
{95% Cl = 665-17.382) and 36,848 (95%Cl = 27,591-45,509) heat-related
degthsintheagegroups0-64,65-79and 80+ years, respectively(Table ).
lealy, Spain, Germany and France had the highest female and male
heat-related mortality numbers (Table ). icaly had the highestnumber
of heat-refated deaths among the age groups 65-79 and 80+ years, but
France had the highest number ofheat-related deachs AMONg peopie
aged 0-64 years (Table 2). Despite differencesin the magnitude of over-
all summer mor tality numbers among different sex and age groups,
the weekly changes it heat-related deaths were generally the same in
aflofthem {Fig. Ih. _; weekly changes dccording (o sexand age groups
are avaitable in Extended Data Fig. le-hj. The differences accordi ng Lo
sexlargely varied with age. with highar heat-retated deaths i men aged
0-64 years (+43%), butin women aged 65-79 {+6%) and §0+ (+121%)
years {(Supplementary Table 2),

Temperatures and heat-related mortali ty rates

Recorded summier mean temperatures excecded the basefine ciimaco-
iogical values in all European countries with the onty exception being
iceland (-0.43 °C:Fig. %a). The warmest summar temperacure anoma-
lies were mainly registered in Southwestern Europe, with the high-
est national values in France {+2.43 °C), Switzerland (+2.30 °C), ftaly
(+2.28 °C), Hungary (+2.13°Chand Spain {+2.11 °C), The h ighest summer
heat-related mortality rates were found in countries near the Mediter-
ranean Sea, that s, ltaty (295 deaths per million, 95% Ci = 226-364),
Greece (280, 95% CI = 101-355), Spain {237, 95% ¢l = 166-312) and
Porcugal (211, 95% Cl = 162-255: Table .}, as well as in specific regions
in Bulgaria, Romania, Croatis aad Southern France {Fig. ). Overall,
we estimated E4 (95% Cl=69-160) heat-retared deaths permillion in
Europe during the summer, with 143 (95% C1 = 89-192) femate and 93
{95% Cl = 53-120) male deaths per million { Table ). The heat-rafatad
mortality rate Alse steeply inereased with age, with 16 (95% Cl =4 =27,
1601(95% C1=12-302) and L6584 (95% Cl = 1,261 -2,080) deaths per
million in che age groups 6-64, 65-79 and 80+ years, respectively
(Table 2). The differences according to sex kirgely varied with age, with
figher heat-refated mertalicy rates i men aged 0-64 (~41%}and 65-79
{+14%) years, and In women aged 80+ years {~27%) andfar all agegroups
combined (+56%; Supplemeatary Table 2. These age-dependentsex
differences were found in most countries with, for example, higher
heat-refated mortality rates in men than in women for the age grovup
63-79 years (Fig. X <}, but higher in womea thar in men for people
aged 80+ years [Fig, i ),

Climate change and the summer of 2022
Onaverage over the 35 European countries analyzed here, the sum-
mer of 2022 was the warmest season on cecord (20,30 °C = u-13l;m,
whict exceeded both ¢he summer of 200302020 °C = #2360 and
the threshold of 2.5 s.d. (o = .67 *C) over the mean (#=18.62°C) of
the distribution of summer mean temperatures du ringche 1991-2020
peviad. The summer of 2003 was an exceptionally warm season within
# period of relatively constant globyal and continencal temperatures,
commuonly referred 1 a5 che zlobal warming hiatus of 19982042
iref TV Fig. < 0 During thelastdecade 1 2013-2022) rowevers ﬁ"r’!’“na““
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mortafity {weekly deachs) aggregated over Europe for the overal population
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aumbers for womer and men in b do not include the Liniced Kingdom; values for
the age groups m ¢ do notinclude Germany, Irefand and the Uniited Kingdom.

mean temperacuresin che analyzed European councries sped up atan
approximately constant fate of +0.[4:2 *C per year, compared with the
modestrateof +0.028 °C peryearin 19%4-2012 (the slopes in Fig, +4). In
that regard, although summer mean temperatures in 2022 foflawed the
trend observed inthe last decade (Fig, 41), this wasassociated with an
increase in 25,561 summer heat-relaced deaths compared to 2015-2021
(Fig. t2).Inthis regard, we estimated that the warming obsevved since
2015 was associated with 18,547 additional summer heat-related deaths
forevery 11 °Cincreasein temperature (the slope in Fig. 42}, or in reia-
tive terms, 35.3 additional summar freat-refaced deaths per millionfor
every +1 *Cincreasein temperature, Moregver, in the absence offadap-
tation to future summier warming, and by Farward extrapolating che
linear fittings in Fig. * ¢ =, we would expect a heat-related mortality
burden of 68,116 deaths on average every summer by the year 2030,
94,363 deaths by 2040 and 120,610 deaths by 2050,

Sensitivity analyses

We parformed sensitivity arralyses by modifying the modeling choices
(Methods). nthte mainresults, wecalibrated theepidemiologicatmodels
with teraperature and mortality daea from January 2013 to December
21013 o avaid any eventual interfering effect of the covonavivus disease
2019 pandemic. However, sensitivity analyses showed that estimates of
the RRs and heat-refated mortalicy during the summer (68,476 deachs;
95% C1= b4 284 -90,803) and year (70,997 95% Cl = 46,512-94,777) of
2022 were only sfightly higher whenthe pandemic period was included

in the calibration of the epidemiological madels, thatis, 2015-2022
(Supplementary Tabie Land Extended Pata Fig. 7).

The stacistical analysis was done in two steps {(Methods). [n the
first stage. we used quasi-Poisson regression models to calculate the
location-specific temperatura-lag-mortalicy relationship in each
European region. We tested differenc configurations of the exposure-
response function, being estimates of the heat-relaced mortality nar
sensitivetothese choices (Supplementary Table ). In the main results,
weused the model configuration that berter fitted the data based on the
Akaike infarmacion criterion, inthe second stage. we used amultivari-
ate, muitilevel meta-regression analysis to pool the focation-specific
coefficients obrainad in the first step, intluding (1) country random
effects and {2) thelocation-specific temperature average, (3) the tem-
perature interquartile range and (4) the percentage of people aged
80+ years as meta-predicrors (Extended Data Fig. 8. We tested these
metd-predictors and we found chat they explained a significant fraction
of the spatial heterogeneity (Supplementary Table 3).

Discussion

This European-wide study quantified the mortality associated with
record-breaking temperatures during the sumimer of 2012, currently the
hottestseason on record in Eurepe, and analyzed it within the broader
comeextof the summer of 2003 and the acceterated warming nbserved
in the continent during e last decade (2013-2022). Epideminlogical
maodets were applied to a mortatity darabase represeating the whole
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Table 1| National sex-specific heat-related mortality numbers and rates during the summer of 2022

_ Attributable number (deaths} - Attributabila rate (deaths per mililon)
Country Ovarail Wamen © Men Overall Wormen Man

Alkania 352{97 546) 186 (39, 338) 80 (4. 159) 17 (32, 195) 125 {26, 225} 53 (2,102}
Augiria 415 (109, 74t) 274 (-55,670) 198 (86, 332) 47(12,83) 63 {~12, 125} 45 (15, 75)
Bealgium 434 (-26, 911) 264 (-68, 5538) 153 [~25, 341) 38 (-2, 19} 45 (-12, 95} 28 (-5, 60}
Bulgaria 1277 (349, 2,072) 678 (138, 1,145) 556 (239, 867} 176 (75, 285) 182 {37, 307 157 (58. 245)
Switzarland 302 (48, 557 255 (54, 433) 93 (20. 161) 35 (6. 84) 58 (12, 09} 22 (5, 37}
Cyprus 101 (24,173} 58 (6, 110} 47{17.75) N3{27.193) 123 (13, 240) 107 (38, 17}
Ceechia 279 (=25, 807) 280 (37,520} 38(-45,122) 26 {-2, 56) 5317.95) 7(-8,23)
Germany 8,173 (5,374, 1,018) 3,924 (1,856, 5,403) 2,711,333, 4,148} a8 {64, 132) 83(39,152) 68 (32, 101}
Danmark 252(42, 468) 13 (~51, 274) 59(-19. 138) 43 (7, 80) a1{-17,93) 20(-7.47
Estonia 167{286, 738) 13(7 2t4) 38(-5.83) 123(19, 117} 57 (9. 200 81(~8, 129)
Graace 3.082(2.212, 3.35) 2,078 (1,551, 2,586} 822 (448,186} 280 {2, 358} 367(274, 457) 1533183220
Spain 11,324 (7908, 14,840) 7190 (4,428, 9,478) 4,350 (2,825, 5.633) 237 (156, 312) 295 (182, 389) 181 (121, 2m)
Finland 225(-54, 562) 273 (<15, 551) 3G {-14, 71} 40 (-7, 100) 98 (-5, 194) 1T{=5, 26}
France 4,807 (1,739, 8,123) 2424 (-473, 4,984) 2,584 {1,237, 3,889) 13(28, 124) Ti(-14, 146} 81(39, 127
Croatia 731{346, 1,069) 489 (198, 7CB) 212(72, 344) 172(82, 252} 213(90, 322) 104 (35, 168)
Hungary F13(~128, 1,207} 329 (74, $15) 129 (-3, 396) 5t (13, 12} 101 {14, 75) 27(-27,83)
Irgland 26 (188, 199) 38(-90, 174) 0.0} 5{-34, 4 16 (-3%. 68) JuRce Ruil
icaland 0{0. D) 02,3 Q{00 00, o} 2(12,17) o000

Ity 18,010 {13,793, 22,225) 11817 (8,078, 15,148) 6,268 (4519, 781N 285{226, 364) 379 {257, 482} 21 (156, 264)
Lischtenstain 1(-2.3) 1, 3) Q0.0 19{(~42,73) 41 (-56, 143} Q0,1
Lithuania 381{158, §18) 167 {~13, 309) 160 (94, 282) 128 (53, 208) 99(-8, 134) 138 (64, 204)
Luxembourg 44,9 25(-1,51) 7(-7, 20 69 (-2, 144} 79 (-3, 162) (-2, 82y )
Latwia 105 (-33, 242) 42 (-89, 144} 46{-20, 11} 52{-15,120) 38{-63,120) 49 (-2, 12Q)
Mentenegra 50 (+12, 108) 31(-17 83) 7(-8, 21 81{-18, 173 180 (-85, 262) 22(~28, 89)
Malta 76 {2, 150) 41{-11,90) 43012, 12) 147 -85, 290} 186{-43, 363) 160 {43. 270}
Netherlands 469{-8, 981 kTS AT I 155 (-48, 357) 27 (0, 56) 37413, 82) t8{-6, 41
Movway 30 (-32,88) §(-43.38) 28 (-2.457) 51-6: 18} 3(-18, 22) 101,21
Polandt 763 (-2483, 1860) 559 (417, 1448) 258 =73, 578) 20 (-7, 48) 28 (-0, 13) (-4, 31)
Portugal 2.212{1,703, 2679} 1227 (761, 1.618} 828 {892, 1.044) maz, 253) 2220138, 293; 166 {N9Y, 714)
Romania 2,455 (1.2¢1, 3,797 1,130 {56, 2,145) 1323 (179, 1,837 122 (60, 189} 10 (5. 209} 135 (79, 187)
Serbia 374 (728, 355} 465 (244, 651} 253 {83, 415} B1{32, 135} 129 (88, 180) 14 {26,121
Sweden 40 (-104, 200} 4@ (—100, 181 9{-30,50) 4(-10,19) 3{-19. 35} 2(-8, 10}
Stoverig 154 (=24, 307) G0 (-4, 209) 581-4 119y 73{~12, 145) 6 (-, 200) 55{-3. 119
Slovakia 365 (82, 676) 164 {5, 314) 126(-12, 267 §6{1t, 123) 58 (-2, 1) 48 (-4, 99F
vnited Kingdom 1469370, 6,678) Nez available Mot avaitania 82 {6. 140 Not avdilable Mot availacle
Eurapa 61.6TH{37643. 86,207)  I5406(20,576,46834) 1667 (14,684, 77958)  N4(8S, W) 145(BY, 192} 92 (63, 12)

Surminer retees 6 vhe [2-weer perod belweee 30 Viay and £ September 3027 werks 77 - 15k /luesn arentrases epresent the 35%

relude the united iGngaam,

population of over 343 nillion people from 823 contiguous regionsin 35
European countries, Overall, we estimated 62,862 heac refated Jeaths
in Europe in 2022; 61,672 of those deaths occurred hetween Y0 May
and 4 September. ftaly, Spain. Germany, France, che United Kingdom
amd Graece had the highest sumimer heat-reiated maortality numbers.
Inrelative terms, the largest surnomer heat-refated mortality Fates wers
found in countries near the Mediterranean Sea, which included taty.
Geeece, Spain and Porrugal. The resules showed that thera was 1 large
imcrease inheatrelated mortatity duringjune-Aagust 2022, approach

fng the record-breaking sxcess mortality of June-Seprember 2003

Cls. The sumizers and ates ‘ar woman amd man 4o ~ot

However, the comparison witht 2003 needs ro be inge rpreted
with caution, given the large methodological differences in our study
compared o previous estimates . Firss, the estimate of the desth toil
during the summer of 2003 fram Robine et al. * was based on excess
mortality numbers, which quantify the deviation afthe mortality from
the seasomally varying expectad mortality from a reference period. As
treat-refaced mortality occurs every summer, the estimate of excess
daaths may exclude pare of the heat-cataced mortality surden. On
the ather hand, tihis study used epidemiological models to quantify

deatks specificatly attributable o heat; therefora. sur astimate is not
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Table 2 | National age-specific haat-related mortality numbers and rates during the summer of 2022

Astributabils number (deaths) Attributable rate (deaths per million)
Cauntry 0-84 85-70 80+ -84 85-79 80+
Albana 24 {-18,87) 43 {-19,115) 185 (75, 246} 2{-7.26) 138 (-54. 330} 2,845{1,283, 4.226)
Austria 52 {~27,124} 180 (18, 3043) N3(-32,472) 7(-4,10 130 (15, 248) 423(-61, 939}
Belglum 67 {-54,171) 56 (229, 324) 357113, 599) 7(-6,18} 34 (=141, 199) 3840175, 931
Butgaria 108 (10,187 445 {135, 746} 737 (255,1.237) 20{2,37 384 (N8, §44) 2,271(787,. 3,810
Switzerland 34 (-G8, 125) 37 (~126, 255) 230(-1.542) 3(-10,i8) 56 (-106, 214} 437 (-151, 1,149)
Cyprus 9(-6,2% 15{-8,37) 72 {18, 19} 12(-8,31) 135 (67, 325) 2,018 (458, 3,334)
Czechia 14.{~25, 49) 41{-61,144) 236 (12, 465) 2{-3,8) 24(-35, 84} 522{27,1.030)
Gerrmany Not available Not available Mot avaitabile Not available Not available Not available
Denmark 43(2.93) 70 {-74, 215 TT-64.218) 8(0.18) [-82, 230 255 (-219, 147
Estonia 28118, 37) 32(-10,73) 713,138 26{135,35) 167 (-52, 379) 885 (33, L1194
Greece 158(8, 305} 321 (~10, 849} 2,245 (1437, 3054} 20{1,38) 198 (-5, 201} 2.97101,905, 4,050}
Spain 196{189, 1,357) 1,476 (357 2,544) 9,436 {5,855, 12,563) 2145, 36} 222(54, 383) 3,213 (2031, 4357
Finiand 18 (~14, 48) §7(-22, [56) 107 (-124, 337) 4{-3,19 (24, 164) 325 (-375, L.019Y
France 1007 (11, 1,747) 1873 (-87, 3,443} 2,832 (4, 5,395} 1943, 34) 169 (-9, 349) 708 (1, 1,348}
Croatia 30(-43. 94) 160 (28, 289) 467 (189, 712) 10(-14, 31} 244 (240, 440} 2209892, 3,354)
Hungary 17 {~36, 69) 255 (~48, 541 449015, 891) 2{-5,9) 165 (-31, 354} 1,005 (38, 2,000
treland Not availabla Mot avallable Not avaitable Not avatlable Nor available Nat availabie
Icaland 2(-14,17) 11,11 810.0) 6(-44,53} 14 (264, 258} Q0,0
Itaty 965 (236, 1,570) 2,326 (1,026, 2,80 14,821{12,004, 17483) 21(5,3N 244108, 37N 3,290 (2,864, 3.880)
Liechtenstsin {0, o1, 1 QLB 2(-8,1m) 38{-11, 185} 147 (-577, 198}
Lithuania T7 (27123} 80 {4, 154) 211 {51, 367 34012, 35 199 (9, 383) 13340383, 2,325)
Luxerthauwrg 1,15 B(-7 1) 17(-12, 42} 13{2.28) 87 (99, 765) @57 (~-267 1,636)
Latvia 11{-13, 30} 2(-35, 53) 129 (30, 221) 76-9,20) 34 (~128, 180) 1135 (26). 1.949)
Montenagro 5(~8,17) 12(-8, 33} 25 (<10, 55) 9(-12.32) 146 {120, 412) 1,248 (-496, 2,752)
Malta 14 (0. 30) 15i-12,39) a3 (-1 84} 3 (-, T} 183 {~151 408} 1885 (-473, 3.140)
Netharlands -3 (L, 186) 129 {-303, 542} 306 (181, 440) 100, 20} 48 {-13, 218} 352 (188, 516}
Narway 84 [-153, 270) 43 (-82, 146} o8 18{-34, 6N 57{-33, 198) 1(-248, 30}
faland 275 {-~362, 844) 70 (188, 328) 525 (208, 529} 912, 28) 13 (-35. 61 30012, 489) -
Portugal 182 (76, 303) 379179, 519 1454 {337, 1.947) 24010, 38) 21974, 35N 2008 71,302, 2708)
Romania 457 (131, 187) 780 {67, 1,466) 1186 (313, 2,108) J0(9, 49) 27323513} 1400 (375, 2,489)
Serbia N2 115, 2046) 306084, 506) 174 (~38, 394} 21{3, 38) 264873, 445} 380 {-13, 1.269)
Sweden 22 (~27. 64} G4.{-118, 252 16 (=76, 114) 3.9 41 (=78, 161) 29(-138, 204)
Slovenia 9128, 39; 34118, 93) 94 {-1", 186} 94-15,23) 05 (-5, 260} 798 {-91, 1,580)
Slevakla 12 (-2,83) 90 {~99, 275) 145 {38, 337) 8{-1, 15} 119 (130, 362) 0 (~195,1,834)
United Kingdam Not availabla Mot available Mot avarlaple Not avaitable Not availaole Mot available
Eurape 4822(1130, 8,158}  9.22G(695.1,382)  30.945(I1591, 45.500)  18(8 IF) 8002, 302 L684{1,261, 2,080}

3ummer -efers sn ta *4-week parod Datwaar 4 Yy and - Jentemper 2027 wpeks 73150 Thevaleas n Jarentiveses regrasert e 35% s,

fezilaantf aned thgt Lirited Cingdom,

T pengers ind panes 40 o ingiude Serrans,

expected to includemaortality cases in which heat was not 4 cant ik
tor, Furthermore, we used weekly temperacure and moreality daca in
our epidemiotogical models. which is expected to underestimate
the day-to-day variability of the tme series and possibly their lagged
short-term associations. This is especially the case for Geat, given that
the risk of dearh is acute and generally does not last for more than
Sdays 7. As a reference. g previous study applied simitar epide-
reiolagical avodels w daily temperarure and mortality data for Spaip
only. and found thagthe sumniter heat-related mortality burden was 6%
HNighes (thacis. L2.05¢ deathsi rhan the ane reported hers for the same

country (rhat is. 11,324 deachs:. Finally, the axcess mortality estimaces
during the summey 0f 2003 from Robine at ). -were based on datafrom
only 16 European countrigs, representing a population of nearly 400
million people . Asareference. when restricted to the sama egions
and countries, our heat-refated mortalicy astimates for the sumunter
of 2022 {thatis, 61.672 deaths) were 15'% lower (that is, 52, 121 deaths).

Furthermore, che warming levels and trends observed immedi-
ately before the summers of 2003 and 2072 were alsa very different,
The summer of 2003 was 1 2xcepeional. ¥ ¥are avent, aven if tha
airserved long-term anthynpogenic wir aing was taken into e’&'n}_l
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Fig. 3: Reglonal tenperature anomaly and Geat velssed mortalliy rate during
the sumnner of 2622, 3, Regional remperaeure anomaly (°0) veraged over the
surnmer. i -f. Reggicnal beat related moreality rate summer deatds per million)
sggregated over the sumeomer for fte whole popubition (1. wormen agesd
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Fig. 4 The summer of 2022 within the context of vising temperaturesin
Europe. a, Year-to-yeartima series of summer rreean temperatures {"C) averaged
over the analyzed Evropean countries. The straight lines depict the linear

ficting for the (991-2012 (excluding the year 2003) and 2013-2022 periods.

Famiperature and mortality
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Summer heat-reiatad mortatity (deaths) &
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Summar temperaturs (*C)
b, Relationship between summer mean temperature (°C) and sumimer

heat-related morcality (summer deaths) inthe anatyzed Europeancoustries,
The straight fine shows the linear fitting forthe 2085-2022 period.

The exceptional sature of che event highlighted the shortcomings {or
cheinexistence) of heat prevention plans during the time, the fragility
afhealth systems indealing with climate-refated health emergencies
and the lack of awareness of the associated risks and impacts by the
media and general papulation -7, Instead, the temperaturas in the
stummeraf 2022 wera notexceptional, in the sense that this could have
heenanticipated by forward extrapolation of the acceferated warming
pathway observed during the last decade {2013-2022). Yet, this was
associated with anincrease of over 15,500 summer heat-related deaths
campared to the 2013-2021 period, The rate of warming observed
during the [ast decade emphasizes the urgent need for reevaluation
and strengthening of adaptation strategies. indeed, in the absence
of firther adaptation to the summer heat, and by forward exteapolat-
ing the inear fittings in Fig. +1.0, we would expect a rapid increase to
unprecedented summer heat-related mortality numbers in the coming
years, However, the exceptional nature of 2003, with summer mean
temiperatures morethan £2 °C wacrer than the values expected from
previous summers (Fig. 4.1}, leads to the specufation of what would
frave been the mortality burden during the summer of 2022if a similar
temperature anomaly had occurred. Although future studies are
needed to answer this question, the possibility that a severe thermal
anomaly with regard to the current warmer climate could produce an
irpact on mortalicygreater than the one observed in 2022 needs to be
carefully considered in the next sumimers.

Atthough previous studies showed that the risk of death due to
heathas decreased in several Eurapean countries . ourresuttssug-
gest that past efforts toward an effective early adapeation response o
ohserved warming, including preparedness and response strategies.
intervention setinns and feat-health earfy warning systems, had largely
heen nsuffictent to pravent the targe magnitude of the heat-related
mortality estimared for the summer of 2022, Despite the experience
accumulated since 20073 (ref. 21, and the excess mortality estimates
captured by EuroMOMO and Eurostat in several European cauntries,
the magnitude of the overall death toll received relatively little atten-
cion. Despite the fact thar masny European cousttries activated hear
pravention plans during the summer of 2022, the estimation of over
60,000 heat-retated deachs suggests that prevention plans were only
partiatty effective.

The burdenr of heat-related mortatity was higher among women.
Ralative to population, we 2stimated 38% more heat-rafated deaths
in women than in men, with gher rates inmen aged G-64 1nd 63-79
years, and in women aged 30+ years. Physiclogical Jifferences and
saciocultural factors ave neent suggested as potential explanations

for these gaps . but we also found chat differences in age structure
between men and woinen partly explained the higher risk for women
atadvanced ages and for men at younger ages. Prevention plansshould
also target a reduction of sex, age and other drivers of inequalities in
the risk of heat-ralated mortality.

This study included an analysis of heat-related risks and
mortality numbers according to sex and age groups, showing
generally higher values in women and, as expected, steeply increased
withage, We showed that age composition was a driver of between-sex
and between country differences 7 this could closely relate o palicy
questiens around how to efficiendly protect the population from sum-
mer heat, Exposure to extreme heat, especiaily during summers such
asin 2022, may differentially exacerbate preexisting or chronic risks
among women and riten in each age group. This raises questionsabout
whether the observed sex differences in hear-related mortality risks
and numbers are driven by differences or disparities, and what this
would mean for pelicy, which is beyond the scope of the study and
its methodological design. The combination of sex and age, socio-
economic level, education and underlying health status could have
contribuced to the magnittide and distribution of heat-velated mortality
inour study . Unfortunately, with the current data avatlabitity in
Europe, the analysis of the socieral determinants ofvuinerabiticy and
adaptation will requivealarger effort . improving dataavailabilicy for
more granutar pan-Furgpean studies tomonitor the health and inequity
dimensions of climate change should aiso be considered as part of
the societal response to the climate crisis, as already emphasized by
Robire eval. {5 years ago™

Temperatures during the sunmer of 2022 were warmer than aver-
age kn most of Europe, but the largest summer heat related mortality
rates werefound in countries near the Mediterranean Sea. We showed
thathis lantudinal pastern closely resembled the spatial distribution
of RRs, rather than che distribution of terperature anomalies iFigs.
zand Sx.3). This mismateh was already observed during the summer
of 2003, with the warmest summer mean temperature anomaties in
Central Europe, mainly in FranceandSwitzedand , butthelargest excess
mortality in Spain( +13.7%), France(+1LB%) and lealy (+1L.6%) . Our study
therefore emphasized the vuinerzbility of populations in Southern
Europe . Asamajor cimate change hotspot -, these sopulations will
fre increasingly exposed (o extreme summer conditicns and wouhd
therelore be expected 10 axperience increasingly higher heat-related
martalicy inthe furure . Addressing geographieal inequalities in
current md future vulrersbilicy co heat will atso need to be priovisized
by sational and Eurnpean governments and agencies.
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This study has some limitations worth acknowledging. First,
we used weekly temperature and mortality data in the epidemio-
logical models, which is expected to underestimate the heat-related
mortality of the summer of 2022. The scientific question of charae-
terizing the biases of epidemiological models applied to weekly
temperature and mortality daca was beyond the scope of the present
work and it willbe addressedin a fotlow-up study. Second, dara accord-
ing to sex and age groups were not availabie in a reduced number
of countries, that is, the United Kingdom, Irefand and Germany,
which emphasized the urgent need to coordinate nationaf agencies
for statistics to create protocols integrating and homogenizing
health data sources and improving open-access data for research,
transtation and policymaking. In our opinion, this should be a priority
in the agenda of European governments, both from inside and
outside the European Unior, given that healch data are managed at
the country level and only integrated as open-access data in excep-
tional cases. Finally, the study analyzed records nfall-cause mortality
brecause cause-specific data were not available, This limitation Is
important because some of the differences in heac-relsted mortatity
risks and numbers berween sex and age groups could be better
interpreted withinthe framework of an in-depeh analysis of the causes
of death.

Bue to global warming, temperatures in Europe are rising at a
faster rate than the global average . Taking into account the magni-
tude of heat-related mortality on the continent, our results caft for a
reevaiuation and strengthiening of heat surveillance platforms. preven-
tion plans and long-termadaptation strategies. The high heat-refated
moreakity that Europe experienced during the summer of 2022 calls for
nationat governmentsand relevanc agencies in the European Union and
continental levels to increase the ambition and effectiveness of haat
prevention and adaptation plans with urgency.

Online content

Any methods, additional referances, Nature Portfolio reporting sum-
maries, source datz, extended data, supplementary information,
acknowledgements, peer raview information; details of author con-
tributions and competing interests; and statements of daca and code
availabilicy are available acheepse: dor o 10 1538 341390 013 22419 7.
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Methods
Data sources
We abtained weekly counts of all-cause mortality according to sex
and age groups from Eurostat *, Missing data were complemented by
contacting the corresponding national agencies for scatistics, The final
dataset included 45,184,044 counts of death (22,000,519 for wamen
and 21,913,050 for men) betwesn Tanuary 2015 and Navember 2022
from 823 cantiguous regions representing over 543 million Eurepeans
in 35 countries, namely Albania (12 regions), Austria (35), Belgium (#44),
Bulgaria(ZS),Croatia(l),Cyprus(l),Czechia(14),Denmark(11),£stunin(5},
Finland (19), France (95), Germany (16), Greece (52), Hungary (20).
leetand (2), [refand (1), Italy (£03), Latvla (@}, Liechtenstein (1),
Lithuania(10),Luxembourg{l],Malta(l).Montenegm{l}.theNetherlands
(40). Norway (11), Poland (73}, Partugal (23}, Remania (42), Serbia {25,
Stovakiz (8), Slovenia (1), Spaist (59), Sweden (21), Swiczerland (26,
and the United Kingdom (12). On average, each region representad
a population of 660,000 Europeans. All-age data according to sex
was not available in the United Kingdom and only at the country level
in Germany. Data aceording to sax and age groups was not avajlable
for Germany, Ireland dnd the United Kingdaont.

Werransformed thehiourly gridded 2-m temperature datafromche
high-resolution ERAS-Land reanalysis™ into weekly regional averages
ofdaily mean 2-i6 emperature,

Scatistical analysis

I a nutshell, we used the regional temperature and mortakity tima
series for the period from)anuary 2015 to December 2019 to calibrate
the epidemiologicat madels, which were then used ta transform the
tentperatuce and mortality time series from January 2015 to Navember
2022into the weekly and summer heze-refated mortality numbars over
the years 2015-2022. £pidemiclogical models were fitted separatefy
for each combination of sex and age groups.

Morespecifically, the statistical analysls was dome in two stages.In
the first stage, we used quasi-Poisson regression models, which allow
for overdispersed counts of deaths, to calculate the location-spectfic
wemperature-lag-mortality refationship in each European region” ="+,
The models included (1) an intercept, €2) a2 natural cubic spiine of
time with 8 d.f. per year to contro! for the seasonal and long -
teren trends, and (3) a cross-basis function to estimate the BRPOSLTE—
lag-response association between weekly remperatures (temp) and
mortality counts {mort):

log(Eumort}) =

intercept + nsttime, § d.f peryear) - crassbasisttemp; 0.4, 2, 3 weeks)

The lag-response function of the cross-hasis was modeled with
integer lag values of @, 1, 2and 3 weeks, and tha eXposure-rasponse
funtction with 2 naturat cubic spline with three internal knots at the
t0th, 50th and $0th centiles of the location-spacific weekly tempera-
ture distribution,

In the second stage. we ysed a multivasiace, multilevei
fmeta-regression analysis’ to pool ithe location-sperific coefficients
obtained o the first stage. The meea-regression included (1) the coun-
try random effects, (2) the location-spacific teparature average,
{3} the temperature interquarttle range and (4) the percencage of
peaple aged 80~ years as meta-predictors (Extended Data Fig.8) . We
derived the best linear unbiased predictions of the temperature—maor-
rality relationship ineach region from the meta-regression ' toobtait
thelocation-specificminimum mortality tarperature and to transform
the regional temperature and mortality ime series from fanuary 2013
toNoverriber 2022 into the weelkly and summer hear-related martativy
numbers over che vears 20152022 (ref, 22 Heat-related maortalicy
was calculated for the weeks with average temperaturas ahove
the location-specific minimum murtadity iemperature . Regional
heat-refated mortality fumbers were Iggregated wobtain the national

artd European burdens °. Similarly, we computed 1,000 Monte Carlo
simulations of the regional heat-related mortality numbers and
separately aggregated the numbers in each stmulation to calculate
the 95% Cls at the national and continental levels = ", We calculated
heat-relazed moreality rates (in deaths permiliion) by using the yearly
regional population estimates from Eurostat

We defined the temperature anomalies as the difference batwean
ohserved and baseline temperatures. The baseline temperature was
tomputed as the mean anaual cycle of observed temperatures in the
reference period 1991-2020, caleulated as a linear regression model
with temperacure as che dependent variable, and {Iyan intercept and
(2 a natural cubic spline of day of the year with 6 d.f. as independent
variables.

Reporting sumimary
Further infarmation on research design is avaitable in the Nature
Portfolio Reperting Summary linked to this article.

Data avaitability

Thisstudy is based on publicly available datasets: mortatity counts from
Eurestat (crps: SRHLETODL SUSRU L USEAL ST RES stceesplained ingayg
pitpleila=Weakly death statisticadstabled; ternperature values from
theEurapeanCentre for Medium-Range Weather Forecasts (hotes: s

chmate.copemicus.seodsappidaraser reANaiy iis @3-
3 );and population numbers from Eurostat (i YL
: cntatvache marsduca enddem, O EInS 3 e hoyy,

Code availabilicy
Tite computer code ilusteating che analyses is available at

ALasmrbih oneBallesteroansaur MR sdivener Y S
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. Extended DataFlg, 1| Europeansex-and age-specific temperature-related

visk of death and heat-related mortality. Panels (a-d) depict the cumulative

relative risk of death (unitless} in Eurape d uring 20E5-2019 Panets ie-h) display
the weekiy ieat-related morcalicy (wegkly deaths) aggregated over Eucope

during the summer of 2022 The shadings represent the 95% confidence intervals.
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1) Cumulative Exposure-Response

b) Heat-Related Mortality in 2022
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Extended Daca Fig. 7| Senslcivity to the period of calibratton of the
epidemiologicat associations. Panels {a,b) depict the cumulative refative risk
of death {unitless) in Europe (a) and the weakly heae-relatad maortaiity fweekly
deaths}aggregated over Burape during the summer af 2022 (hy, together with
their 95% confidence intervals (shadings ). Panels (c-f) display the regianat
retativerisk of death {unitless} at temperature 35" peecentile (c,d) and the

regional heat-related mortality rate (sunimer deaths per milion} aggregated
overthestmmer of 2012 {2,F), Values were obrained from epidemiological
modeals callbrated with data from the periods 2015-2039 (black in a b and maps
ine.e) and 20152022 {red in a,b; and maps in d,F). Summer refers to the 14-weak
peried betwean May 30" and September 4™ of 2022 (weeks 12-35).
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Author Correction: Heat-related mortality in Europe during

the summerof2022
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Joan Ballester ®, Marcos Quijal-Zamorano®, Radil Farnando Méndez Turrubiates,
Ferran Pegenaute @, Frangois R. Harrmann, Jean Marie Robine ®,
Xavier Basagafia®, Cathryn Tonne, Josep M. Anté & Hicham Achebak

in the version of this article initiaily published, there was a typographical error in the second
paragraph of the Discussion, where in the text now reading “As a reference, a previous study
[Epidemiology 34, e5-e6(2023)} 2pplied similar epidemiological modelsto daily temperature
and mortality data for Spain only, and found that che summer heat-related martality burcten
was 6% higher {that is, 12,054 deaths) than the one reported here.,.,” 6% otiginally read “10%”
and 12,054 originally read *12,504", The errors have been corrected i the HTML and PDF veg-
slons of the article.
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Deliberazione C.C. n. 7 5 del 7 Nov, 2023

Letto, approvato e sottoscritto :

Il. PRESIDENTE
F.to Matteo Modica

L SEGRETARIO GENERALE
F.to Dr.ssa Teresa La Scala

CERTIFICATO DI PUBBLICAZIONE

Il sottoscritto Segretario certifica che copia della presente deliberazione, ai sensi dell'art.124
del D. Lgs. n.267/2000 viene pubblicata allAlbo Pretoric on line di questo Comune il
giorno i3 DIC, 2023 e vi rimarra per la durata di quindici giomi

consecutivi.

i, 2
13 DIC. 2023 IL SEGRETARIO GENERALE

F.to (Dr.ssa Teresa La Scala)

AUTENTICAZIONE

La presente copia & conforme alloriginale, per uso amministrativo, ai sensi del D.P.R.
28.12.2000 n.445, art.18, composta din._3 '

SEGRETARIO GENERALE
(Dr.ssa Teresa La Scala)

0

.

o 13 Dic 2028

CERTIFICATO DI ESECUTIVITA’

Si certifica che if presente atto & stato pubblicato nelle forme di legge allAlbo Pretorio del
Comune ed &€ DIVENTATO ESECUTIVO in data ai sensi
delfart. 134, comma 3, del Decreto Legislativo 18.8.2000, n.267.

IL SEGRETARIO GENERALE
F.to Dr.ssa Teresa La Scala



