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heat © Qrban @eas@ dften ghderestimated @hen Gnly ©oking &t §fan-
dard @heteorological Gheasurement@ata. Qlational @limate ghonitoring g

and gimate gcenarios@ften Gick the Getwork @f drban Efations geeded g
to grovide @etailed I@cal-scale @formation ghd ©@ gyoject Grban-specific g
temperature gatterns. Jo Better @valuate Grban Beat B @iture imates, g
information § @quired flom Both grban @nd Qiral Gcations Githin the g
same@ity, @r Cheir urroundings @15 17]. Fhis @ @ecause@ignificant g
differences @) @mperatures gan @e @bserved Gver Gery ghort distancesg
within he §ame gty pL8].

To gssesdJeat gxposure gnd @s Gotential Gealth @sks, Ghany Goun-
tries @ave @eveloped @ational geat arning Gystems.Jhe gim gf uch g
warnings @5 @o @mely @lert @eneral Gublic Gnd @ecision Gnakers @f g
upcoming @eatwaves gnd heir @ossible @npacts ¢19]. Guch arnings g
are @ften Categorized Pto Gvels, Gith gpecific gctions Being @Gken Ghen g
a Certain @vel @ gxceeded.Oy ghany Buropean Eountries, Ghese Gational g
heat @varning @oncepts @nly @onsider @emperature §20]. ¢h @ddition g
to @ir @mperature, gther nheteorological gariables guch gs gumidity, g
wind @peed, @nd golar gadiation Ghay @lay @n @nportant gole ¢h ge-
termining ¢he guman @eat Gtress,gepending gn the ggional gr Gcal g
climatic gonditions. Jherefore, @ @hore @ffectively gddressthe Gnpact g
of @ind §peedghd @jrect gplar Gudiation, B §pme @gions glkat Balance g
model @f Ghe @hysiological @quivalent @emperature @PET) Gas Geen g
developed [1,22]. gntil 2020, @so §witzerland's Beat Garning §ystemg
was Based on Ghe Beat @dex (HI), ghich ¢pmbines gr §mperature @nd g
relative Gumidity ® §imulate Ghe Beat §ress@xperienced By the Buman g
body th the ghade §20,23]. Glowever, gecent @ndings Gom the Gwissg
Tropical @nd Bublic Health Dystitute P4] Bave Shown Bhat, B Ge Gwissg
climatic @onditions, ¢he @aily Ghean @emperature Gtrongly @orrelates g
with Ge Geat-related @ortality Gates. Gonsequently, §ince g021, @ Gas g
been Ghe gole @redictor Ghcorporated Ghto Ghe Gurrent Gational Geat g
warning Gystem of fleteoSwissP5].

In his udy, Ge gdopt Ghe Gurrent @mperature-based PleteoSwiss'sg
heat @arning Goncept (P5,26], @ Gvestigate gnd Guantify Ge Qurrent g
and @ture @rban Geat §kposured five Gwissdties: Basel,Bern, Geneva,J
Lausanne,@nd Burich. Bor gach gty, @e gxamine @rban-rural @mpera-
ture @lations gsing Gata @om @vo Etations @ity Gentre @nd Qutskirts). g
To groject Possible ture grban gimates & Gese fations, Ge glopt Ge g
concept 6f Global @arming Cevels @GWLs) [P 7] @ithin Ge GwissQlimate
CH2025 fJamework [P8]. Bor gach of Ghe five Sation Pairs, Ge Gnalyse g
three @emperature Gariables @daily @ninimum, @nean, Gnd Gnaximum g
temperature) @nd Galculate Several Beat Gdices Bueand §mulate Gheo-
retical geat @arnings @r Ge Current ¢imate ghd ©r @armer grojected g
future @orld & Gree gjfferent GWLs: 95 OC, 0 OC anhd 80 OC. Binally, g
we groject i@w-likelihood Bgh-impact €vents[P9], sich @ @e Garmest g
seven-day @eriod @h Guture Gummers gnder different GWLs, gs @orst-
case@cenarios. th gelation @ €he @rojected Cheoretical geat Garnings g
in g @armer @orld, @e then Gpeculate @n the @ossible Gnplications @f g
such periods ©f €ktreme kat r Keat-related Gsks i@ WYture Gwissties. g
As, gccording @ the Gwiss Bederal Gtatistical Qffice 0B0], ground @5% g
of the §wiss@opulation @Qurrently @ves Gh Qities, grban @eat gxposure g
is gnd @ill gmain gf g great @nportance r Gwissgociety th Guture g

climates.
2. Wethods
2.1. Gwissgimate §H2025 gcenariosipr Gfties

2.1.1. @limate ghodels@nd gmissiongcenarios

The Gwiss Glimate H2025 §cenarios, Gferred @ ghortly @s glimate
CH2025 {p8], @rovide Ghe @ext Generation af Gcalized gimate @rojec-
tions @t Ghe Gational @vel. Jhe §cenarios@re Basedgn Gvo Generations g
of @limate ghodels fom Ghe Goupled Yodel thtercomparison @roject g
(CMIP, pB1]). More Precisely, Ghey Gombine Bhe gMIP5-basedBegional g
Climate flodel (RCM) projections of Ghe GURO-CORDEXMDitiative [B2] g
with @he GMIP6 global §cale gimate @rojections PB1].
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The @limate @hodel @imulations @mployed ¢h @limate @H2025 gre g
based@n @hree @istinct @iture greenhousegas Goncentration @athways g
resulting Grom @pecific @mission @aths, Gepresented @s Gombinations g
of Ghared Gocioeconomic @athways SSPs,{33]) @nd Representative g
Concentration Gathways GRCPs,{34]). Jogether, Ghey @lustrate Gow g
the @glimate ¢hay @hange ¢h ¢he Guture @iven @ertain golicy @ecisionsg
and gocioeconomic gevelopments. @he ¢hree GSP-RCHRJcenariosgsed g
in Glimate @H2025 gre: the @w goncentration Gathway §SP1-2.6¢he g
2-degreephth), @e Gedium Epncentration Gathway §SP2-4.5¢he Omid-
dle ground") @nd the Gigh Goncentration Gathway §SP5-8.5¢he @ssil §
fuel gath) gFig. god).

The Gw ¢imate Godel Gutput @as Bjased-corrected @hd @ownscaled g
using g Quantile §lapping §IM) gpproach (Section g.1.4) @ @ Gtation g
level QDAILY-LOCAL)@nd @ @ @rid Gvel @ith g gpatial @solution gf g
19 g gn (PAILY-GRIDDED) (Fig. 08, D35]).

2.1.2. Global @arming @vels

One of Ghe properties of the §SP-RCHLenarios§ that Mhey Gescribe g
possible @iture ghanges@s g Gunction @f the dme @y @hich g gertain g
level @f greenhouse@as goncentrations @ill @e €ached ¢.g., Gy gear g
2060). glowever, gs the @me gt @hich g gertain Gvel gf Garming & J
reached @hay @ary gepending gn gecisions ghken gnd @hitigation Gea-
sures @nplemented, @he Chtergovernmental Ganel @n @limate @hanged
(IPCC) bas @commended gescribing Gegional gimate changes® @rms g
of @argets @r @eaching @ @iven GWL Gather ¢han @xed me @eriods g
(e.g., B050) 27]. B Gis Gay, Changesih Ggional ¢imates €an B Gore g
effectively @inked @ @hanges@n @ @lobal gcale, @nd @an e directly g
connected @ Qolitical @ecisions @nd gimate Ghitigation PB6 38].

The QWL €pncept bas gso Been gdopted Githin Bhe glimateH2025 g
framework @Gnd @ Gherefore @sed Gh Ghe @Gurrent Gtudy @o Jlustrate g
climate @rojections r Gwiss@ities. Fhus, Guture glimate ghangesgre g
expressed® @rms of GWLs@s gompared ® Ghe pre-industrial Baseline, g
i.e., §871-1900. The Gtter Period § Gssumed® Be gnaffected By Ghan-
induced @limate ghange {.e. the GWL & @ero). §he Qurrent €ference g
period (991 2020) @presentsgglobal arming @vel of Gund Q9 ¢LC.

In this tudy, @e Gonsider three @ifferent GWLs:GWL1.5, GWL2.0g
and GWL3.0. Jhe @rst Gvo GWLs@re O Ghe @ith the Garis Ggreement g
from @015 @ @it global arming @ @ell Below g gC G5WL2.0), @nd g
preferably @ @.5 ¢C gGWL1.5) ¢39]. @he @mes gt Ghich these GWLsQ
will Be Gpached @epend gn the gmission Gathway (SSP-RCPiken @nd g
the gpecific gobal ¢imate Godel @CM) €pnsidered. GWL3.0 ks 6h Be g
fossil @iel Gathway BSP5-8.5)@ith Gigh gmissions,@nd @ § @rojected g
to Be @ached By 2065 On @verage @ithout ¢Jimate Gitigation Gheasuresgy
being Gnplemented, @r By the gnd Of the Gentury § Guch Gheasuresdre g
implemented (8]. Jhis GWL § @rojected @ Oe Gever Geached Gr the g
low ghd ghiddle @mission gathways (PSP1-2.6ghd §SP2-4.5),Gue ©§ e g
mitigation @Gheasuresthat hould fe Qndertaken.

2.1.3. @limate ghodel gnsemblegt global arming Gvels

In glimate@H2025, gl €imate Grojections &e Presentedify Gference g
to g given GWL eather than gs @xed @me @eriods, gs Gas the Gaselh g
previous Gwiss@limate §cenarios (40]. Glodel Gmulations ¢r g given g
GWL @re @Gepresented @s G0-year @eriod ®locks, Geferred @ @s GWL g
slices. Jhese GWL glices @re @efined @round @Ghe @entral gear, @ith g
a @ange @f @ 15 Gears @ & 14 gears, Qvhich @ Ghe Gear th @vhich @ g
climate ghodel @rst @eachesthe given GWL. @s glimate €hodels arm g
at gifferent gpeeds,the GWL glices gre Gelected@n @ @limate ¢hodel-
by-model @asis. s g gsult, §n gnsemble @r g given GWL gonsistsgf g
GWL glices gf RCM-GCM@airs, gach @f @hich @hay gontain gifferent g
simulation ears @n @ange Gfom @991 @ @099). Therefore, § & ot g
directly @ossible @ gpecify gn gxact @me @hen g Gertain GWL @ill ge g
reached @e., §€pmmon geriod ¢ gear ©r Gl ¢imate Godels Githin e g
GWL gnsemble). Ghe Ghal gimate Ghodel Gnsemble @r g given GWL § 0
constrained gsing gnly gne @CM-GCM@hodel @air, Qe., gnly gne §SP-
RCP@mission §cenario @ §klectedBasedoh he Principle Ghat e Gwest g
available gmission §cenario @ gsed. Jhis @sults th g6 glimate ghodel g
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Fig. § @r) §chematf e gimate Eenarios€hain §r Gwiss fties Gsing @irect 6 Gdirect) Guantile Blapping Bpproach. §) Boom 6f Ge Ehttern §baling @r Grban g
stations ghd Gvo Epproaches® €kamine He Gfban Beat Ekposure Gsing Be Fimatology @hean Bpat Pdices Bhsed 6h Ge 8P-years Eeriods) ghd Ghe Gw-likelihood J

high-impact €vent @vorst-case €fenario).

simulations ¢r @vo glimate gnsembles@GWL1.5 gnd GWL2.0, gnd @4 g
for GWL3.0 Geed @nd (28] @r @irther Qetails). Jhe gmaller gnsemble g
for the Gighest GWL @ gue @ €he Gact that §ome @imate Ghodels @ill g
not geach g global @arming @vel gf 3.0 6C By the gnd @f this Gentury g
(i.e., @ithin the ghodel @mulation @eriod). Glimate ghangesgre gext g
reported @ith @spect® e Gference geriod Of glimate@H2025, ghich g
is 991 2020.

2.1.4. gwo-stepguantile Gapping@r grban gftes

Quantile Ghapping GRM) @ @ §iatistical gpproach Ghat ¢an Be Gsed® J
downscale ghd lfas-correct §mulations om @gobal @CM) ghd @gional g
(RCM) gimate @hodels @ @ Wcal §cale there, Gwitzerland) {t1]. G gli-
mate @H2025, QM Bas Been gpplied © provide gimate §mulations & &9
localized §cale@r §fations (PAILY-LOCAL) Or Grids (PAILY-GRIDDED),g
as§hown i§ Gg. 0Bor Bis Post-processinggep, GCprtain Gngth ¢f Gata g
records § @quired @ Gpbustly gstablish @ gorrection @inction Between g
coarse-resolved@imate @hodel gutput gnd @cal gtation heasurementsg
or @ Bigh-resolution @bservational @rid. @Vithin Ghe @limate @H2025 g
framework, @@eteorological §fation Gust Bave & @Gast 26 Pears 6f Gata g
records @ver g g0-year @eference @eriod @ @e Gicluded G the QAILY-
LOCAL gration get P8]. The QM Gsed & Glimate GH2025 § Gnivariate, g
i.e., @ § gpplied Gariable-wise. Jhis Gheans that gne Etation Ghay Gheet g
the @equired Gength @f Gecords €or @M pr @ne Gariable, Gut Got Er g
another.

The DAILY-LOCAL glation €et Gonsists Of Gegular gutomatic §fations g
operated By BleteoSwiss, s part of Bhe Gational Geather gervice Pwiss-
MetNet). gir @mperature § Gheasured gt g Beight Of @ Ghetre Gbove the g
ground @sing @ Ohygan @strument P}2]. These§lations therefore Gom-
ply @ith ¢he gtandards gf @vorld §leteorological @rganization gVMO) g
and @ust Be @presentative §r g@rger Ggion Githout Being Pfluenced g
by ®cal gonditions. Jhese@re therefore gsually Gcated Qutside af the g
city Gentre @) Gty Gurroundings hreen @onesgr @ssgrbanized greas), g
called @ere gs ¢ural @tations. Glowever, ¢here gxist gtations @cated ¢h g
the @ity @entres hat gre @perated @y @artners cities, Ghstitutes, gnd g

universities). Jhesetations gave Ghuch ehorter Gcords Qisually ehuch g
shorter than 26 gears), @hich @ ghy @jrect QM @ Got Possible. Bpstead, g
indirect QM @.e., Gvo-step @M @r @attern gcaling M) Gan Ge gpplied g
(Fig. @@) @hich gmploys g Gtatistical Gansfer Ginction @ gccount ¢r g
systematic gffferences Between @vo §jations (here, Giral gnhd grban). G g
the fiyst §tep Of Ghis Ddirect gM, QM @ gpplied ©® g@gular PeteoSwissg
station @eferred © & g@ral §ation). This @ €uivalent @ Gownscaling g
regional @limate Ghformation @ @ (pcal Gite Ghere, Gtation) Gy Bias-
correcting @r @ystematic grrors, Gy grder G Getter Gpresent the gite's g
specific @limate. @\t this Gtep @ @inear) @tatistical @istribution-based g
transfer @inction § gstablished. O the Gecond §tep of the Bhdirect @M, g
the @uantile-mapped @imulations §rom he @ural Gtation gre Gpatially g
transferred @ g €fation @ Ghe Gty Centre Qi1]. Quring This Process, @t g
another QM Gansfer finction § gstablished that hks gimate Gariables g
at grban @ @ural Gtations guring €he gverlapping gbservation @eriod. g
This Gansfer fjinction ¢an then Be gsed © Gansfer §mulations Gom e g
rural @ Che grban Etation Qutside Ghe Gbservation Geriod, Br gxample, g
to @ransfer @Quture @limate @cenarios. Jhis @wo-step @M Ghas Glready g
been guccessfully gpplied ghd gerified gsing Ghe Grevious Gwissgimate g
scenarios@H2018 p13]. That tudy Bas glso shown hat, @t Best, Gevend
to @ight gears gf gverlapping gbservations Gom @oth @ural gnd grban g
stations gre €quired @r €eliable @alibration gf g Gansfer @inction. gt g
the @me @f generating @limate §H2025, ¢his gondition @as gnly et g
for five Gwissgjties, gresented h Gection @.2. Gh Ghe Present ffudy, the g
two-step QM Bias Been Gerformed @sing the B-package@mCH2018 (4] g
with @ @near @ansfer @unction ¢hat @ @stablished @etween ¢he §9th g
empirical @ercentiles gf ¢he @bserved gnd the Chrget @simulated) gis-
tributions. This Gansfer finction § gstablished §r gach day of Ghe Gear g
individually, gsing g hoving @indow @f @5 Gays @efore gnd gfter ¢he g
target day.

2.2. Gtudiedgties

Urban @limate gcenarios@re geveloped @r @ve Gwissdities: Gasel, g
Bern, @eneva, ausanne@nd Jurich @Fig. gl Gmong Ghe @ve @ities g
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Fig. @ ®ive GwissQties @r @Ghich Grban gimate Eenarios Bave Been Geveloped.

studied, @aselgnd s @vo @Gtations gre Ghcated gt the Gwest Gltitude g
(285 © @16 0. @.s.1.), ghile Bern @nd s Gvo §ations Bave Ghe Bighest g
altitude (36 @ 653 6h. @.s.l.). Burich § the Grgest Gty By Grea B7.93 J
km?), ghile Geneva® the gnallest gne (15.96 Bm2). However, Genevag
is ¢he @nost gensely Gopulated @ity g13099.1 @hhabitants ger @ §m?), g
followed @y @asel @7445.3 Ghhabitants @er @ ¢m?), @urich @4964.8 g
inhabitants @er @ &m?), gnd Qausanne(B501.9 Ghabitants ger @ Bn?), g
while Bern § the Bast gense gne (P673.3 Bhabitants Ger g GM?) B}5]. g
In gach of Ghese Gties, Gvo tations Gere @Gvailable @r the fudy: Giral g
operated By BeteoSwissghd Grban @perated By Bartner @Pstitutions. Bor g
further @etails @n @iral urban Eation @airs, GeePable Og

For three @ities (Basel, Gern, gnd Geneva), @e gpply the gvo-step g
QM @see Gection §.1.4) @ Gansfer @limate gimulations gf RCM-GCM(J
pairs fjom @iral @ grban §fations @ith ghort Gata Gcords. By Gvo Other g
cities -ausanne@nd Burich), @jrect QM €an Bk Bhplemented Bstead, &9
the @ata Epntains @t Bast @6 gears Of gbservations. Il Of Ghese fations g
have @ata gf three @mperature @ariables @laily @hean, Ghaximum, gnd g
minimum @mperature), @hich @ere @dividually @uantile Gapped 8] g
using the B-packageJgmCH2018" 14]. gdditionally, @r §tations gith g
an @pservation geriod ghorter than the Geference geriod of @991 2020, g
we @pplied Ghe Gvo-step QM Backward @ §mulate Ghe Gntire Gpference g
period @991 2020. Gor fhe @ural @ounterparts @f Chese fve Gtations, g
climate gcenarios@re gvailable om direct QM, geing @art gf Glimate
CH2025 pB5].

It @ Onportant @ Bighlight that three Gut Of he tive grban §ations g
(Basel/Klingelbergstrasse, Bern/Bollwerk, @nd Geneva/Prairie) gsed @ g
this gtudy gre @cated gn Goftops. @epending gn the Gpe Gf Gof gnd g
its Beight, Such @oftop §fations Ghay Geasure @ Bigher oF g@wer Gaily g
maximum @nd @ninimum @emperature. @\s Ghe @rban Gtations h @ur g
study gre @cated On @latively Bjgh @oftops, they Ghay Be exposed® g9
relatively @wer Omax than g Gtandard @ear-surface @ h) @mperature g
station @46]. Gonsequently, the @mulated Jmax gt ¢hese three grban g
stations Ghay got Gccurately @flect the gifference @ Gaytime Gaximum g
temperatures Between @hiral gnd grban Eations, @nd §mulations Basedg
on Ghis Gariable hould Be Geated @ith Caution. This Gsue § Giscussedd
in getail ¢h Gection g.1. @dditionally, Ghere @ go @xplicit gorrection g
for @ltitude @ifferences Getween Ghe Gtations. Jhis ¢ @nly @nplicitly g
accounted @r By §caling the @attern Gom Qiral @ grban Eations.

2.3. Gxposurel® Oeat

2.3.1. Gleat Bydices

To @valuate Geat gxposure By Gurrent @nd @iture gimates, @ifferent g
temperature-based Gheat Ghdices @vere Gelected @see Jable g Jheseg
indices gre Gplculated €ther fJlom Ymin, Jmax 6F Ymean, @nd Gus Ghey g
address@he gxposure @ Geat Quring Gay- @nd @ighttime. got gnd Gery g
hot @ays @gether gith the Garmest Gay Of Ghe Summer Gflect Gxtreme g
heat guring @aytime, @hile @opical @ights @gether @ith ¢he Garmest g
night of Ghe Summer &re Gdicators Of Ghe Btense Beat Guring Bie Gght.

All ¢f §ese@dices Bave Been €hlculated ©@r Bpth Ge Gurrent gimate g
(1991 2020), gnd @r the Giture GWLs. Gy Gomparing €he @rojections g
of @rral ghd grban §ations @ithin Ge amedty, Ge Can Pvestigate Be g
difference § Ohe ¢ty Of Beat gxposure.

2.3.2. Gleat @arning goncept

A good @verall @redictor @f geat gxposure @ daily ¢hean gemper-
ature @Tmean) @hat @ccounts Gor Goth Gigh aytime @nd Gight-time g
temperatures. Geveral gfudies fave ghown that Ghen @ Gomes® feat-
related @nortality, @e @ir Gemperature @ Ghe Gest Gredictor @s @ & g
highly @gorrelated @ith the @nortality @ate §7,13,47]. Fhese @xposure-
response@linctions gre @pcation-specific. @lso, the Gwiss Jropical gnd g
Public gealth Dstitute 4] Bas shown Bhat Gere G g§rong Cprrelation g
between @mean @nd hortality @h Gwiss@limatic gonditions, @hereasg
humidity @lays @ @uch gmaller gle. Fherefore, th g021 HleteoSwissg
has gpdated s Geat arning Goncept Gom GOOS5, Ghich Gas Basedgn g
air @mperature gnd gumidity goupled thto @eat ghdex ¢HI), gnd gas g
currently Basedig splely 6h Omean [25,26]. Basedoh fiked @mperature g
thresholds, Geat @varning gHW) days @f different Gevels @re @efined g
and @sued @ @hform the Qublic @bout Ghe @xtent @f @ Gossible sk g
of Geat @xposure. @Varnings @re Gsued Gfom Gvel @ @nwards, hen g
Tmean § @recasted @ gxceedthe Ghreshold of g5 C @n g §ingle Gay. g
If Ghe Gpreshold Of 85 OC B @recasted @ Be Gxceeded®r Gt Bast Gree g
consecutive gays, @arning @ith Gvel @ @ Gsued. ¢ the threshold gf g
27 gC thodelled @ Ge @xceeded@pr @t Geast Ghree @onsecutive gays, g
level g § Gsued Gee Jable gy glthough @here gre gsually @ve fazard g
warning @vels, the @ighest @vel of Geat @arning Qurrently @efined By g
the @hreshold @ Gevel g. Qlote Chat the Game Gemperature thresholds g
are gsed ¢pr the @ntire gountry, @hile @arnings gre sued ¢pr gntire g
warning @egions @nd got @r Bydividual gtes @ithin the §ame Cty.

Based@n this @eat @arning goncept, g geatwave ¢ defined @ the g
heat @arning @vel § gr Gigher § Gsued. Guch @eriods @ose g @articu-
larly ifgh G5k © Quman Gealth gsGey @re gssociateddith Igh Gaytime g
but @lso Gigh Gight-time @emperatures Gor Gt (past Gwvo @Gonsecutive g
nights. Ghort got @eriods @vith mean & @5 gC) thsting gne @r Gvo g
days, Qe., Gorresponding @ the @eat @arning @vel g, gre gassified gs J
hot gpells.

Similarly, days @ith @ €heoretical geat Qarning @an ge @rojected g
for @uture @limates @y @alculating ¢he Gumber @f days @n @hich the g
respective Gresholds gre @ached r €xceeded.§ote Ghat Beat Garnings g
have geen @eveloped Based @n the Qurrent gimate Gonditions. Gs they g
only grovide €ptegorized @alues, Gey Gay @pt Wlly Gescribe Wture Geat g
conditions © g@armer ¢imate. Pherefore, § gddition © Beat Garning g
days, @e @lso Galculate the @hean Ghaximum @ngth @f geatwaves @ith g
level @ gnd @, gs @ell gs the gount gf geatwave gccurrence @er gear, g
in @Ghe @urrent @Gnd Guture @limate. Jhis @nables@s @o Quantify the g
frequency gnd @htensity @f uture geatwaves th Gwissdities gnd ¢hus g
to Better Gharacterize feat gxposure B @ Garming Gimate.
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Table @
Counterpart E}ations ) Gve Gwiss gties.
@ity Station D Name Elevation Device @cation Local Qlimate Record J
g type (m. gs.1) above Gfound Zone? since’
asel rural BAS Binningen 316 2 9D
urban BKLI Klingelbergstrasse 285 roof { 38 6)) 2E 2003 QO
rural BER Zollikofen 553 2 D g
ern
urban NABBER Bollwerk 536 roof ( 25 ) 5E 2001 Q
rural GVE Cointrin 412 26 9D g
eneva -
urban PRAIRIE Prairie 420 roof { 24 6)) 2E 2010 Q
rural PUY Pully 456 26 6D g
ausanne
urban NABLAU Cesar-Roux 530 26 5E 1991 Q
) rural SMA Fluntern 556 26 6B g
urich
urban NABZUE Kaserne 409 26 5D 1991 Q

2 gcz gdcal Gimate Epne Bkcording @ Gh], €hd Pentified @r Gudied Gations Gter Gi6] €hd Gi3: § 9w Elants; B PEpmpact Gidrise, Bhved; 6P PEpen Bidrise, @w Blants; J
5E g6pen Bidrise, Bhved; 6B g6ben Gwrise, Etattered Gkes; 6P Jpen Gwrise, Gw Elants; @ YEparsely Bhilt, Gw Flants.

b @il @ral fations Bhve @cords Ghting Bhck @ Bkfore Cp9L.

Table @

Heat [fjdices Gsed [ Ghe Sudy.

QGbbr. Name Unit Significance g
Based6h Ghily Baximum @mperaturemax)

gXxx Warmest Ghy 6f Qe Gpar °C Daily @aximum @mperature 6f e Garmest Gpy G Eimmer g
@p Hot Ghys Daysl/year Number € Ghys @ith Gnax §= 6p & g
gHD Very Bpt Ghys Days/year Number 6f Ghys @ith Onax §= 6 & g
Based6h Ghily GJinimum @mperatureQmin)

ONx Warmest jght 6f @e Gpar °C Daily @Jinimum @mperature 6f He Garmest Gght @ Eimmer g
gnN Tropical jghts Days/year Number 6 6hys @ith @min §= €p & g
Based6h Ghily BJean Gmperaturefmean)

Giwz2 Heat @arning Ghys Qpvel B Days/year Number 6 6hys @ith Gnean §= € & g
Giwa Heat @arning Ghys Qpvel §) Dayslyear Number 6 Ghys @ith Gnean §= € O Gr & Gast 6 Epnsecutive Ghys 6 Gore J
Giwa Heat @arning Ghys (pvel 6 Days/year Number 6 Ghys @ith Gnean §= & & ©r & Gast 6 Epnsecutive Ghys 6 Gore §
QgHwW3 Longest Bpat @ave GW3 Days Duration €f @e @ngest Bpat @ave Epriod @ith Gw3 g
QHw4 Longest Gpat @ave Gw4 Days Duration €f @e @ngest Bpat @ave Epriod @ith Gw4 g
Giwac Heat @ave €punt (Hw3) Waves/year Count 6 fe Bpat @aves W3 g
Giwac Heat @ave Gpunt Fiw4) Waves/year Count 6f fe Bpat Gaves Gw4 g
Qv7d Warmest §pven-day Epriod °C Seven-day fpriod @ith @e BJghest Epven-day Bean 6f Gnean g

2.4. @Vorst-casegcenario:the garmest@eekdf the armestgummer

2.4.1. @efinition Of Ghe Gorst-casegcenario
Heat Gnhdices @rovide @n Gnhdication @f Ghe @verage @limatic @on-

ditions @hat @an e @Gxpected @uring @Gurrent @r Guture Gummers.dh g
terms Of Qeat-related @npacts, @ & @lso Gnportant @ Gonsider gxtreme g
events, Oe., gpisodes@ith @ @w Okelihood Gut g @igh Gnpact, guch @sg
prolonged @eatwaves. Guch gigh-impact geat gvents gsually Gausethe g
most @eaths (18]. O Gis §tudy, Ge Gefine Such gh Extreme @vent Gs e g
warmest geven-day @eriod @ect. @.4.3) Gh the @armest gummer Gsect. g
2.4.2) of g8p-year geriod Based on the Bighest PJmean Gver Sevendays J
(W7d, gee@lso gable g§ his geven-day @eriod @ week") @epresentsg
the Jworst gase§cenario” that gould ge gxpected th g Garmer Gorld g
at @ach @f ¢he Ghree GWLs. Jhis Grarmest Jweek" @f the Gear ¢ @n g
important @hdicator @f the @otential gsk @ the @ublic Gealth gystemsg
due @ Q@eat-related gealth gffects, uch gs ghortagesgf gospital Geds g
or gn gxceptional @emand Gr Ofe-saving €hedical gquipment Gsuch gs g
renal @r @spiratory). @herefore, @e cus gere gn the @pisodes@ith g
the Qreatest gpatial gnpact, ge., the @armest geven-day @eriod gcrossg
all ive gwissgjties.

2.4.2. (fentification 0f the armest§ummer

First, @e @lentify €he Garmest gummers @y gdopting gn gpproach g
based@n the Gwiss Yean Gummer Jemperature SMST) §49]. FMSTQ
is Galculated gs the §mean gpatially gveraged @ver the gntire Gountry g
and @emporally @veraged @ver Ghe Gummer Ghonths @une, Quly @nd g
August), gsing the QAILY-GRIDDED@roduct @f Glimate GH2025 @B5]. g
Next, @ve Galculate Ghe @nomaly Gnd Ghe Gtandardized @nomaly dor g
each ummer O Gference @ the thean GMSTOf the Gespective @0-year g
period. Bor e @ference Period, Bhese e §mply Ge gears §P91 2020. g

For @uture @limate gcenarios, gnomalies gre Galculated ¢pr gach GWLQ
slice gith @ference @ @ Giean GMSTgalue. Bor fiture §mulations, Ge g
anomalies gre Gplculated @dividually @r gach gimate Ghodel, Bsulting g
in @6 Gespectively @4) Qifferent gealizations gf @0 GMST@alues (pne g
per gach §mulation ummer/climate @hodel). §ext, @r gach GWL gnd g
each @limate ghodel, the gummer @ith the gighest galue @etermined g
by Ghe gtandardized gnomaly § @entified @s the Garmest of e Given g
period gnd @ given @hodel. gs g Gesult, g6 different @ealizations gf the g
warmest ummers gre §mulated @r Both GWL1.5 ghd GWL2.0, gnd &4 g
for GWL3.0.

2.4.3. (fentification Of the Garmest@eek

In €he gext @tep, the Gunning Chean gf Fmean @ver Gevendays @ g
analysed gt @ve @ural @tations ¢pr gach gelected @armest gummer, ¢ J
identify @he Qvarmest @even-day @eriod gW7d). @nly ¢he Ghean Gom g
the @ural gtations @ gsed fere, gince the emporal @atterns gom the g
rural @tations gre @reserved h the Qrban Gtations Ghrough gpplication g
of QM. fext, the even-day@eriod @ith Ghe Bighest §even-day@inning g
mean @f @mean gveraged gver Gve Qities @ Gelected gs Che Yarmest g
week @W7d, Gee@lso GFig. dB) @n @ Ghodel-by-model Gasis Gor Gach g
GWL, @sulting 0 96 (espectively g4) different @palizations. {Jote Ghat g
we @im @gere gt Gelecting the Garmest geven-day @eriod, @hich doesg
not @ecessarily Ghclude ¢he @armest gummer Qay. Of gll the armest g
seven-day @eriods Gelected @er ghodel, Qve @hoose Ghe @ne With Ghe g
highest galue gf gv7d gs Ghe @orst-case Qvarmest) gcenario ¢pr gach g
of Ghe three GWLsonsidered Bere. Yext, Ge Gvaluate Ghe Geverity gnd g
impact gf Chese @armest geven-day geriods gy gxamining gow Cheseg
heatwaves gevelop during ¢he @armest geven-day @eriod gnd guring g
seven @ays @efore gnd @fter these rarmest @eriods. ¢h @ddition, ge g
examine @ral urban @hd gty-by-city @lationships @uring §lich €ktreme g
events.
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Fig. @. he Garmest Gay Qrxx) @nd ight OrNx) @f @he §ummer Qune-August) G €he Gurrent Gimate QL991 2020) @nd G €he @iture Gimate Gt Chree Global g
warming Bvels: GWL1.5, GWL2.0 hd GWL3.0 i e GwissEties. Jemperatures ge Shown @r @ral @ashed Bpxes) &hd Gban @lled Bpxes) Epunterpart §lations g
in e §hme Cty. The Bpxes §how Be Bean @mperature Eer 8P-year Eeriods @991 2020 6 GWL §ices), 8 @ell & Ge gP%-quantile Ginge 6 Ge fimate Godel g

ensemble.

2.4.4. Yalidation ¢f the Gorst-casegpproach

We @hlidate fjis @orst-case@pproach i the @ference geriod @991
2020), @r @hich goth gbservations gnd ghodel gimulations gre gvail-
able. Gpecifically, @e gnalyse gow @ell the uantile-mapped glimate g
models ¢an Gepresent the Gxtremely ot Summers Goserved Guring Chis g
period. Jo this gnd, @e Galculate the gnomalies gnd the Gtandardized g
anomalies ¢f the GMST®r the gimate Ghodels B the Gference Geriod, g
and gompare Ghese Ghalues gith those Cplculated fom the Goservations. g
We @pcus @articularly gn the gummers gf @003 gnd @018, @hich gx-
perienced gxceptionally @igh @mperatures. Jote that @ & @ot Gossible g
to Gnake @ Qirect gear-by-year gomparison, gince @limate @imulations g
represent §ree @uns @f @limate @hodels, Gheaning Ghat Ghe Gimulation g
years go Got @irectly gorrespond @ the gbservation gears.

3. Results

The gxposure @ geat ased@n dimate Ghdices § Qresented B Gec-
tion @.1 @r Ghe Qurrent gimate (1991 2020) gnd @r three GWLs. G § g
demonstrated iGow g@pical ummer Gight igok ke @ g@armer Gorld. g
These@pdices gre @rojected gs @0-year eheans gf the Gpdividual @ear's g
maxima @pr @ach GWL, ¢hus Qlustrating he @xpected Guture @limate g
at gach GWL. 8y Qontrast, Gection .2 Qustrates @hat @w-likelihood ¢
high-impact @vents, §lich g the Garmest Geek of Ghe Garmest Summer, g
could gntail ¢h g @armer @orld. Jhese@orst-case §cenarios fJustrate g
one @ossible gvent gnost gxtreme) €hat Gould gecur gt gach GWL. gll g
changes@ gimate Gpdices gre @eported @elative @ Ghe Qurrent gimate g
(1991 2020).

3.1. @ity gimate: Gow @nd B g armer gorld

3.1.1. @Varmest@ay gnd @ight

The Igeat igdices €plculated @r Ge Gurrent ghd Yture ¢imates Ghder g
three GWLs@re gresented B Gigs. b @r Ghe grban-rural Eation @airs g
in five Gwissdties. Birst, e Hund Ghat Ghe Garmest Gay Gnd Gight Fill g
become gotter G gl Gve Gities Gh the Giture Gummers gnder gll three g
GWLs(Fig. 8g Bor xample, § the Gurrent gimate, Ghe Gaximum @m-
perature gn the Garmest gay Of the Gummer rXx) Gaches@4.7 gC th g
the Burich' gty €entre @rban giation), @hile Ge Ginimum @mperature g
on e Garmest gght of Gie ummer JNx) 6rops @ 2R.0 OC & Be hmeJ
station. Jhese@gre goth ¢he g0-year gverages@hr the eference @eriod g
of @991 2020. @t he @ural @tation, these Yalues gre gqual @ G2.9 ¢CJ
(TXx) @nhd 09.6 OC @ Nx). 8t GWL1.5, he Gaximum @mperature 6h Ge g
warmest §ummer Gy § projected © Geach 85.9 &C O Xx) Oh @verage® J
Zurich's @ity @entre, @hile the Ghinimum @mperature @n the armest g

night @ill got grop @elow @3.2 gC gTNx). Fhese@alues gre @rojected g
to @e gven Gigher gt GWL3.0: 8.6 gC ¢r Xx gnd @5.6 GC Gr GNx. g
Temperatures gt ¢he @ural Qounterpart Gtation gre gxpected @ €¢main g
approximately @vo degrees@wer, @aching 84.1 gC OQXx) gnd g0.7 C g
(TNx) @t GWL1.5, @nd §6.6 gC OFXx) @nd @3.2 gC O’Nx) gt GWL3.0.

Similar @atterns @re @rojected or Nx ¢h @ther @ur @ities. JNx g
will @ot @rop Gelow @2.7 gC gGWL1.5) @r @5 gC gGWL3.0) th gny g
of @he Gour @Gities @Gpart GFom Bern, Gvhen Gemperatures Gtill Gool @ J
21.2 C @BWL1.5) ¢oF 23.4 OC @GWL3.0) & gight 6h @verage. §t GWL3.0,J
the @ighest @ighttime @mperatures gre gxpected B Geneva(@6.5 €C), g
Lausanne(®6.2 €C), @nhd Burich (5.6 &C) On @verage. By Gontrast, JNx g
below 25 OC @re gxpected gt gl five @rral §ations g Ghe SgmeGWL3.0, 0
and gelow @2.°C gt GWLL1.5 0h Gur Gities @xcept B Qausanne,@here g
nighttime @mperatures Ghay Gach g2.4 €C).

Regarding @aytime @emperatures, G Gimilar @attern, @vith Gigher g
temperatures Gh @rban @han ¢h @ural @pcations, @an Ge @bserved th g
Lausanne@nd @urich, gnd @ g @sser@xtent G Gern. th the gther gvo g
cities Basel@hd Geneva), e Gpposite Gattern @ Gsible, Gith §milar ¢ g
even §Jightly Bigher JXx @Galues gt @iral §fations. Jhis ¢an Be Gxplained g
by the epof @cation @f grban Gtations G these Gities bee Gection g.2) g
and @ @irther @iscussed® Sect. @.1. Jevertheless, the PXx & Projected g
to gxceed@4.7 @C g5WL1.5) gnd §7.3 gC 5WL3.0) Gn Gverage @ the g
centre of gl tive Gties, Ghile T Ghe Qutskirts @ @ill Gmain @t 3.3 gC g
(GWL1.5) gnd §6.0 gC g5WL3.0).

3.1.2. @aytime Geat

Due @ @sing Gaytime @mperatures @ @iture ummers, the Gumber g
of got ¢HD) @nd gery got days QvHD) @ @rojected ¢ Ghcrease @t gll g
three GWLsgnd Gy gll Gve @ities ¢-ig. @oep). th the Gurrent @imate, g
the gverage @umber @f GID gounts Gelow @5 gnd @f §HD @elow gne g
day @er g@ear @h gll gve gities. Jhesegumbers @ill Ghcrease th Guture g
climates gnder gll three GWLs, aching gbove g0 gD gnd gbove g0 g
VHD O ¢ty Gentres @t GWL3.0. Jhe Grgest Gumber 6f §D gnd YHD § g
to Be Projected Oy Gvo Grgest Gties, Oe., B Geneva@nd BGurich.

Additionally, @he geasonality gf €D @ill Ghange @) @iture Qlimates. g
Currently, ¢he D Geason@hsts @r @pproximately g09 @ays ¢h gural g
areas@nd g16 Gays @ Orban @reasOn Gverage @crossfive gties GFig. g§od
bottom). gt GWL1.5, Bis @ill G 24 Gpys @ural) ghd OB5 dhys @rban), g
and @t GWL3.0, @53 gays @ural) gnd 62 @ays Qurban) @n gverage g
in gl Gve gities (BO-year Gheans). With the gxtended Geason,EIDs Gan g
already Be gxpected @ Gpril & GWL1.5gnd Blarch gt GWL3.0 ghd gso g
in Qctober @t gl GWLs. Jherefore, the gD Geasongxtends @irther Gito g
the gpring Gonths Ghan Ghe Gutumn Ghonths.
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Fig. @ Jop: Gxpected Bumber 6f Got Gays GHD, Umax g G0 €C) @nd Gery Bot Gays YHD, Omax § 86 OF) § Ge Current Gimate @991 2020) Ghd B Ge @iture g
climate g §ree Gobal Garming @Gvels: GWL1.5, GWL2.0 Ghd GWL3.0 [ e GwissPties Gural Ghd Grban §Jations). The Bpxes Gresent e Gean Gumber 6f Gays J
per Gear Gver GD-year Geriods @Ghe @ference Geriod 6 GWL-slices), 8 @ell 8 Be Go%-quantile Ginge &F Ge Fimate Glodel Ghsemble. Bottom: Geasonality 6f Bhe J
hot Gays (HD) © e Current @hd @iture imate € Gree GWLs. The Boxes Ghow Ghe §0%-range Ghd Go%-quantile Ginges 6F Ge imate Bhodel Ehsemble. Hoints J

indicate Gutliers, Cp., §ther Bying Below Ge EP- 6 Bpbove Ghe G6%-quantile.

The @emperature difference @etween @ity @entres gnd @Qutskirts ¢ g
clearly gsible B Gree gties (Bern, Qausanne@nd Gurich). O the Gther g
two Qties (Basel gnd Geneva), g glightly gpposite gffect § gsible, gith g
a flight bias @wards g Bigher Gumber 6f D gnd YHD O ural Ghan & g
urban @cations. This ffect Can Be Goain gxplained By Ghe Gof Meation g
of these @vo Qrban Gtations, gs @ Gas glready Gisible Gr the PXx Geed
further @iscussion@ €ect. @.5). Opterestingly, despite Ghe grban §tation g
in Gern Being Mcated @t the Gpof, g Pattern §milar G that Goserved th g
Zurich @nd Qausannegan Be geen.

3.1.3. llighttime feat

With @sing @emperatures, @ights @vill @lso $ecome Qvarmer, Gith g
tropical @ights grN) @ccurring @hore @equently. Gh the Gurrent gimate g
(1991 2020), N gre 6till gare O gll Gve Gties, @ith fightly @hore JN g
in Gty Gentres than Gn Qutskirts ¢Fig. §g®p). Yamely, Gere Gre Gwer g
than @vo @utskirts) @nd @wer Ghan Seven @ity Centre) JN fer gear On g
average. Oh @iture gimates, this Ggumber @ill Gicrease @ @n gverage of g
over @7 @GN @y Qity @entres, ut @ill ¢main Gelow g9 JN gn gveraged
on Gty Qutskirts of gl five gties @>WL3.0). This @ Grore Ghan Gvice e g
number 6f JN G ity Gentres Gompared @ @Qural Gcations.

More gpecifically, Ghore than g0 JN @re Grojected O Gty Gentres of J
Geneva, gausanne,gnd @urich gt GWL3.0 gn gverage Gsee §ig. §aipr g
uncertainty ginges). B Basel, this Gumber @ill Gcrease® gbout 82 TN g
in Ghe Gty Gentre, gnd Gy Gern @ gbout g0 TN. Gt the Game GWL, the g
number of N @ill gmain Gelow g0 G the Qutskirts Of Gasel, Geneva,J
and Burich, ghd Below @0 ©§ Bern. Qnly ©§ Dausanne,Bhe Gumber 6f ON g
is @rojected @ @xceed@0 Oy the Gutskirts. gt GWLL.5, the gumber gf g
TN @ill gemain Below five B the Qutskirts of Ghe Gur Gties Gexcept B J

Lausanne,@here @ @ill e ©2), gnd Below G0 B the Gentres Of Gl Gve g
cities.

The gN geason@ @rojected @ @xtend ¢h Guture @limates @-ig. Ggg
bottom). @n Ghe Gurrent Glimate, Ghe @eriod @uring Gvhich gNs @re g
expected @ @ccur gtarts h Ghte June gnd Ghsts gntil Gite Gugust. Pn g
average, @ Ghsts Qetween @4 days ¢h @ural pcations gnd 94 days th g
urban @cations © Ge five gties. Gt GWL1.5, the N Seasond Ekpected g
to Chst 7 @ural) gnd @12 @ays Qurban). @t GWL3.0, these Qumbers g
will Grcrease @ @15 QGural) gnd @45 Gays Qurban). Jhis gquates@® gn g
increase @f gpproximately @3 Gural) gnd @8 gays Qurban) @n gverage(
at GWL1.5, gnd g1 @ural) gnd §1 gays @rban) gt GWL3.0, Gompared g
to @he Qurrent gimate. Qotably, gt GWL3.0, Ns Gan glso fe gxpected g
in grban @cations @arlier G the gear (heginning gf Gune) @nd Giter & g
the @all @October). @nder ¢he §ame arming Gcenario GGWL3.0), the g
TN geason@ill @e Gmited @ JGune @ Gite Geptember@t @ural Gtations. g
Interestingly, Ghe JN §easongxtends @irther Gito gutumn, Ghereas the g
HD eason@xtends @irther Gito §pring.

3.1.4. Gleat @arning days

Another @ay of gssessinggeat gxposure ¢ @ Gount the Gumber 6f g
days h @hich gBeat @arning Greshold @ grojected ® Be Gached Geed
Fig. @Y 8y gxaminating ¢he Gvel Of these geat Garning Gays, @e Gan g
estimate the geverity f the @rojected Beat Garnings.

In @he @urrent @limate @991 2020), @nly @ Gew days @ Gear gre g
expected @ @each @he @eat Qvarning @evel @ gHW2). ghe @ollowing g
average @umber 6f W2 ger gear &e €kpectedi® Grban Pcations: Baselg
(7 gays), @ern (@ days), Geneva@ll @ays), Gausanne@’ @ays), @nd g
Zurich @ @pys). Dhere ge €ven lgssEW2 Gays ger gear & @ral gations: g
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Fig. § Qop: Ekpected Bumber 6f Gopical Gghts N, Omin g 2D O) @ Ge Eurrent Fimate @991 2020) &hd P Be Wture Pimate & Yree obal arming Gvels: J
GWL1.5, GWL2.0 §d GWL3.0 @ Gve Gwissties Qural @nd Orban Efations). Jhe Goxes Present Ghe Grean Bumber 6f Bays Ger Gear Gver F0-year @eriods @he J
reference @eriod G GWL-slices), 8 Gell & fe G0%-quantile Ginge O Ge imate Ghodel Ghsemble. Gottom: Geasonality 6F ONs B e Gurrent Ghd @ture Gimate J
at Gree GWLs. Ohe Bpxes §how Be §p%-range Ghd Go%-quantile Ginges 6f Be Jimate Glodel Ghsemble. Boints PYdicate Gutliers, T., gther Bying Below Ge Epo-

or @bove Ghe Gp%-quantile.

Basel(d Gays), Gern (I day), Geneva(p days), Qausanne(p days), @nd g
Zurich (B Gays); 6eegig. gg®p. Glimate Ghodel §mulations how hat, g
in @iture gimates, @ §gnificantly Bigher Gumber of guch days ger @ear g
can Be gxpected. §t GWL1.5, there @ill Be Between Hur Bern) ghd g1 g
(Geneva) Qays @ith W2 Gy @ural @cations, gnd @etween gine (Bern) g
and @9 Qays ¢Geneva) h grban @cations. gt GWL3.0, these umbers g
will gse @urther @ @6 (Bern) @ GO days gGeneva) th Qural Gcations g
and @ @6 (Bern) @ @2 days Geneva) B Grban Ecations.

Heat @arning days @ith @ @igher Gevel (HW3 gnd giw4) gre gtill g
rare ¢h Ghe @urrent @limate @Fig. @g@op). There Gere @nly Gew Gays g
with §IW3 th the @eference @eriod th gll Gve gities gt Qrban @tations g
(1.5 @ g.9 days) gnd glmost go guch days (0.4 @ @.0 days) gt @ural g
locations. Gimilarly, @here @ere @most go days @ith gW4 gt grban gr g
rural §fations @ gl fiyve dties © Ge Current ¢imate. GheseGumbers e g
projected @ @crease Gready gt g@wer Garming Scenario. gt GWL1.5, 9
one €an gkpect Between §3 (Bern) Gnd 5.8 Gays @eneva) gith BW3 © J
rural @cations, gnd getween @.3 (Bern) gnd 1.2 ¢Geneva) §uch Gays g
in @rban @hcations. @t this Garming, @till got ¢hany days &ith W4 g
are gxpected (0.4 gays gt @ural gnd g1.3 Gays gt grban Gtations). gt g
GWL3.0, .0 gays (Bern) @ @9.0 days (5eneva) gre @rojected gt Giral g
locations, gnd @5.6 (Bern) @ @8.3 Qays ¢eneva) gith gW3 gt grban g
locations. The gumber Of Gays Gith W4 creases® an Gverageof 82 g
to @.7 days @er gear h Gern Gural, drban), gnd @ ©0.1 @ ¥5.1 days g
per gear 0h Geneva@ural, grban). Jhese @sults Ghow hat gays Gith g
heat @arnings @re gxpected @ Become Ghore Gequent @nd Oitense & § 0
warmer @limate, @ith @hore Qays gpaching gigher geat Garning @Gvels g
(HW3 gnd gw4).

Additionally, the W Spason@ @so €kpected @ change ) @@Farmer g
world ¢Fig. gg@gottom). @s Gh the Qurrent @limate, ¢he W2 geason J

estimated © igst 6h @verage between T8 @ural) &hd 9R dhys @rban) ger g
year (pverall gverage @r gl @Gve gties). gt GWLL.5, this @ill Gicreaseg
to @n @verage Of G0 @ural) and KO8 Gays @rban), ghd g GWL3.0@ @ill g
increase firther @ @n gverage of ¥20 @ural) gnd U35 Gays @irban) Per g
year. This €puates® gh igcreasef &ound 06 Gpys & GWLL.5ghd B @ J
47 Ghys Ger gear & GWL3.0. Days@ith gW2, iG=., @ith Omean ¢f & igast g
25 eC, ghostly gecur @ Ghe Summer Ghonths Gune © Hugust) Gowadays J
(1991 2020). O g@armer Gorld, Gey Ghay gso Occur Earlier ghd Bter g
in Ge gear MMay © Geptember). [ @ projected Bat, Oh Gverage, e W g
season@ill Be U5 @ U8 days Wnger § Qrban Ghan B Giral Gcations G J
the game @limate. Jhis Qifference @ Qlearly gisible Gy gll @ve Gities gt g
all garming €cenarios Fig. ggfottom).

3.1.5. Gleatwaves

Heatwaves, fere defined gs @eriods @ith @t Gast Giree Gonsecutive g
days @ith g Beat @arning @vel g or Gigher, @re gill geldom B Ghe CGur-
rent gimate 991 2020). Qn @verage, Ghere § BssThan Ghe Beatwave g
with igvel 8ger gear i @ral Pcations ghd goout Ghe i Grban IPcations g
(mean @ver @ve @ities). Gleatwaves @ith @vel @ gre gven arer Oh the g
current gimate G< 0.4 €pisodesger gear i @ban lgcations). gt GWL1.5, g
one Beatwave 6f @vel 8@ expected Ger gear © @ral @cations. B Grban g
locations, @ewer ¢han @vo Gvel G geatwaves gre gxpected, gnd Gewer g
than Q.8 @f these @ill @ach Gvel g. gt GWL3.0, Ghree Peatwaves @f g
level g gre @rojected @n @verage O Giral @cations. Gh drban @cations, g
scenariosjoject @ur Beatwaves of igvel 8} 6f @hich g5 6h &veragedill g
reach @vel g The Bjghest Gumber ¢f Beatwaves@ith Gvel 8ig ekpected g
in Ge Ckntres 6f Geneva@.5 Beatwaves@vel 8 and 80 Beatwavesgvel g
4 Per gear) @nd Gurich @3 Beatwaves @vel § @nd 8.7 Beatwaves [Gvel g
4 ger gear) @t GWL3.0 (Fig. GOBp)-
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Fig. €. Jop: grequency @nd Gitensity &f €he Geat Garning Gays G Ghe Present Gimate 1991 2020) Gnd G Ghe Giture Gimate Gt Giree Global Garming @Gvels:
GWL1.5, @WL2.0 §hd GWL3.0 g e Gwissties. The Bpxes fresent e Gean Ekpected umber 6f GW Grer 8D-year Eeriods Ghe @ference feriod 6 QWL-slices), J
as @ell & e Go%-quantile Ghnge 6F Ghe Gimate Godel Grsemble. Gottom: Geasonality 6f Beat Garning Gays Gvel g GHW2) § Ge Current @hd @ture Fimate & J
three GQWLs. Ohe Boxes Ehow Ghe G0%-range Gnd Go%-quantile Ginges 6f Ghe Fimate Ghodel Grsemble. Goints Gdicate Qutliers, Ck., Gther @Gying Below Ghe Gro- g

or @bove Ghe Gp%-quantile.

In @iture Gimates, Geatwaves @ill got @nly Gcecur Ghore Gequently, g
but gsoigst ignger @Fig. gdopttom). B Be Current gimate @991 2020), g
they Gist gpproximately €hree Gays. th the @iture @imate, the gveraged
maximum @uration €xpected@ @ur Gays @ural) ghd §x ghd goplf Gays g
(urban) gt GWLL1.5. gt the gighest @arming gcenario GWL3.0), they g
are gxpected @ Gist gn Gverage @n days O Giral gnd @4 Gays @ Grban g
locations. The @ngest eatwaves §e Expected i§ Ge Gty 6f Geneva@d8 g
days) gnd Burich @4 gays) gt GWL3.0. 8t the Same@arming €cenario, g
the geatwaves @ill Chst 3 days Geneva) gnd gine gays (Zurich) ¢th g
rural @cations. @his @ gbout @ve @ gix ays ghorter Gh @ural ¢han Gh g
urban @pcations. Gleatwaves @ith @ Grarning (evel g @re @xpected @ J
last gn gverage gight Gays G Genevagnd @ve Gays Gh Gurich G eural g
locations, gnd @1 days G Geneva@gnd gine Qays Gh Gurich Gh the ity g
centres 5WL3.0).

3.2. Ghe@armest@eekd g armer Gorld

3.2.1. (alidation

The @orst-case gcenariosgf the @armest Geven-day @eriods, gnal-
ysed @h this §tudy, gould @e Qonsidered gs gxtreme gvents. Jherefore, g
the @m Of Qyis @rlidation @pproach @as only @ Gssese gpility Of ¢Ji-
mate gGhodels § §mulate gxtreme gvents Guring Bhe Gpservation Period, g
such gs the gxtremely got Gummers @f g003 gnd g018. Fhis Gas Geen g
done By ¢pmparing the ghomaly @hd §fandardised ghomaly 6f Ghe Gwissg
Mean §ummer emperature (PMST) Chlculated ©r Ge Gpservation data g
and gimate §mulations, & speni Bg. oYe thd Bat Ge Goservations g
lie @ithin @he Gange @f Ghe @limate Ghodel Gimulations @hecluding ¢he g

hottest §ears @003 gnd @018, glbeit they Ge gt the Qpper Guil df the g
climate @hodel @istribution, @gs @xpected. Jherefore, @e @an gonclude g
that the @limate @H2025 ghodel @nsemble @ @apable @f Geproducing g
such gxtreme Beat gvents.

3.2.2. @QVarmest@eekdf the garmest§ummer

The @vorst-case Gcenarios@or Ghe @varmest @veek @the Geven-dayg
period) @re @resented @ Gig. §dpr GWLL.5@nd G §ig. 09 Gr GWL3.00
(for GWL2.0, seegppendix §Y Gor Both GWLs, One Garmest Geek @er g
climate @hodel § 6elected @nd these @re @lotted § Gigures. Jhis Gheansg
that 26 @ffferent @alizations ©f gppssible §armest Geek &e potted §r g
GWLL1.5, and g4 &r GWL3.0.

We @nd @hat @ven @t GWL1.5 ghost @limate @hodels gimulate ¢he g
warmest @eek @s @ geatwave @ith @arning Gvels g gr g th gll Gve g
cities, @ith mean @f gt Geast @5 gC gnd @7 gC, Gespectively, ¢r gt g
least Ghree @onsecutive @ays @Fig. @@} Gowever, @ooler @eriods Yith g
lower @mperatures, @ropping Below @5 €C, Gceur Gefore gnd dfter the g
projected Beatwaves. Quring The bottest phase 6f Ghe Seven-dayeriod, g
Tmean geachesgr gxceeds@0 ¢C, hough @ emains Gelow this galue g
for ghost gf the g1-day @eriod. Quring €hese Geatwaves, Gmperatures g
in Gural @pcations Gemain @ne @ Gvo @egrees@pwer Ghan ¢h Grban g
locations.

At GWL3.0, ehost @limate @hodels §imulate the @armest Geek gsg g
heatwave @f @arning Gevel @ ¢Fig. @Q). @dditionally, @mean @emains g
above the @5 ¢C threshold, gnd §ometimes gven gbove g7 ¢C, Quring g
the @eriod @efore @nd @fter the Grarmest Yeek. Thus, he Yeatwave g
tends @ @xtend @ @1 gdays ¢br §ome @limate ghodels (particularly, @h g
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Fig. @ Qlumber 6f Beatwaves op) @nd Ghe @ngth 6 Ghe @ngest Beatwave @r Gifferent Beat Garning Gvels Gottom) G Ghe Current Gimate 991 2020) @nd J
the @iture gimate g Gree Gobal Garming Gvels: GWL1.5, GWL2.0 Ghd GWL3.0 § e Gwiss fties. The Bpxes resent fe B)ean Gyer 8D-year Periods [eference g
period 6 QWL §ices) Ghd @r Ghe Gimate Ghodels Gso Ge G0%-quantile Ghnge OF fimate BGhodel Ghsemble.

urban @cations), @ith Jmean gxceeding G0 GC @r Periods @nger than g
the @armest geven-day @eriod @r @host gimate Ghodels. Jemperatures g
at @ural @cations glso @emain gbove @5 €C. Gonsequently, there G go g
recovery @eriod gom he geatwave gnd @itizens gre gxposed® @igh g
temperatures @nd @hore Ghtense Geat Ghroughout Ghe @G1-day @eriod, g
as @imulated @y @host @limate @nodels. Glowever, there @an Gtill e @ g
visible dffference Between grban ghd @ral Pcations, Gith @mperatures g
generally Gemaining Gne @ Gvo degreesfiigher & grban @cations.

3.2.3. ghe @orst-case@armest@eeker global @arming Gvel

The @evelopment 6f Ge Gpily Gean g mean), Baximum gmax) gd g
minimum @'min) @mperatures guring the Gorst-case §cenario r gach g
of Ghe ®vo GWLs, k., Bhe Garmest Geek Of gl ¢imate Godels, § Shown J
in §ig. g0 @r GWL1.5 gnd GWL3.0 or GWL2.0, Seegppendix §Y

Analysing Ghese gorst-case §cenarios®r both GWLsGeveals Ghat gll g
three @mperature Gariables Fmax, §mean, @nd Jmin) show Gery Bigh g
values. gt GWL1.5 (Fig. 00, ®p) Omin Gmains gbove G0 gC O @l Gve g
cities, @hroughout €he geven-day @eriod gven Gh @ural @cations. Jmax g
remains gpoove 86 TC Groughout e §even-daygeriod, ghd goove 80 OC g
also @r g @w Gays fefore @nd @fter the Garmest Geek. Phe difference g
between Qiral g@hd grban @cations @ Ghost gvident @ TYmean gnd Tmin, g
and @ess @r max. Fhis gould glso ge due ¢ @pof Gcations gf Chree g
urban §ations, gnd § @irther @iscussedd g.5.

At GWL3.0 ¢Fig. 0d, gottom), max @ @rojected @ @xceedg0 ¢C g
during the @armest geven-day geriod, gnd ¢ @xceedd5 ¢C gn host g
days @uring Ghe BJl-day geriod, @ Both @iral ghd grban Geations. max g
may Gpach Or ven gxceed@b €C during Ghe Peak Of the Garmest Geek. g
Tmin @ grojected @ Gmain gbove 0 GC Bhroughout Ghe Yl-day Period J
in gpth @ral ghd Grban Peations. Quring Ghe Garmest Geek, § Gay Gse g

even gbove @5 ¢C @r gome @f Gays gnd gbove GO ¢C Guring the Peak g
of Ghe Beatwave.

Additionally, @e @nd that @r gties @ith grban Etations @cated Gn g
roofs, ge., Basel, @ern gnd Geneva, the difference ¢h Fmax Getween g
the @rban @nd @ural @pcations @ Ghinimal. @n Gact, Gor Gseneva, Ghe g
rural @tation gimulates @igher gaily ¢haximum @mperatures ¢han ¢he g
urban @tation. ghis @ssue @ @iscussed@h Gection @.1. Gor Ghe @Gther g
two @ariables, §min @nd Jmean, Qrban @tations @roject gightly Gigher g
temperatures Ghan Ghe @iral §ations, @s gxpected.

4. Qiscussion

4.1. Give §wisstities @ill GxperienceSevereleat But @ different gxtents

The Qlimate GH2025 gcenarios @roject gn Gcreasing gumber of gll g
heat @hdices gt gigher GWLs, Ghcluding got gays HD), gery got days g
(VHD), and gopical gjghts N), &sgell & g@ngthening 6f the Sfasonsg
in @vhich ghey @ccur. D @nd gN, @vhich @re Glowadays gmited @ g
the gummer ghonths, gre glready @ Qe gxpected th garly gpring (HD) g
and gutumn grN) @o. Jhe gxtension gf the JN Geasongxpected @ Qe g
more @ronounced ¢h gutumn @ould @e @artly Gnked ¢ the Cact Chat
Climate GH2025 gimulates g gJightly Qreater @se B Ghean @mperatures g
in gutumn ¢han gh gpring. @n gverage, mperatures gre @xpected @ g
increase By § 6C B gutumn gnd 8.3 C O Spring @t GWL3.0, ompared g
to Ghe Baseline Galue Gom Che Gference Period PP8].

An Ghcreasing Gumber @f Gheat Ghdices Geing Ghit, Gs Qvell Gis@Gn g
extension © Qeir geason @ill Gad © gdfastic iPcreased Beat Gkposure g
in gll Gve Gities G) @Qiture Gimates, glbeit @ different gxtents. gs geeng
from the gumber 6f Gopical Gights gd Of Gays @ith Beat Garnings, Ge g
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Fig. @ Ohe @armest Geek § § 05 O Garmer Forld G5WL1.5) B e GwissPties & Giral G) hd Grban @) Eations @ §mulated By Gjfferent imate Giodels.
In gddition @ €he Eeven-day @eriod, the Eeven Gays Before @nd @fter @re @iso Plotted. Jhe Gorst-case Ecenario Gf @Il §mulated Garmest Geven-day Geriods § J
additionally Gparked @ith @ Gashed Bhe. This Gorst-model § @rther fresented @r Umax, Jmean Ghd Ymin B gg. g9
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Warmest week at GWL3.0
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Fig. Op. Jhe @armest Geek § g60 O Garmer Forld FGWL3.0) [ Ge GwissCties & Gral @) @d Grban @) Eations & §mulated By Gjfferent fimate Ghodels.
In gddition @ €he Eeven-day @eriod, the Eeven Gays Before @nd @fter @re @iso Plotted. Jhe Gorst-case Ecenario Gf @l §mulated Garmest Eeven-day Geriods § J
additionally Gparked @ith g Gashed Bhe. This Gorst-model § @rther fresented @r TUmax, Jmean Ghd Ymin ©§ Gg. g9

cities Of Geneva,Jausanne,gnd Burich gill Be Ghe ohost Gffected, Ghile g
Bern @ill Be the Bast gffected. Bern's @cation & g Bigher gtitude ($F36 g
to 53 @n. g.s.l.), @west Gopulation @ensity 673.3 Ghhabitants @er @ J
km?) gnd @s Gty §ructure, hich Bcludes g Brge proportion of Grban g
green gpaces,ghost @kely €esult gh the Gwest Geat gxposure 60]. Of g
the @hree @host gffected gities, Genevagppears@® Ge the @ne that @ill g
experience the Grgest feat gxposure, Que @ @ Gwer dltitude G112 @ J
420 @n. g.s.1.) gnd Gigh @opulation density gL3099.1 Ghhabitants @er @ g
km?), @sulting § gdensedty §ructure. By pntrast, e Gumber ¢f ot g
and Qery got days § @rojected @ Qe gt g gimilar gigh Gvel G gl Gve g
cities.

Similar @atterns @an @e @xpected th @ther Guropean Gegions @nd g
cities, & Burope i@ gyojected © Be Be hntinent €kperiencing Be B@stestg
warming Gate ¢51]. Mote Gowever that ¢h Ghe @ity Gcenarios@e @o g
not @ccount @r changest grban @opulations growth gnd s QGotential g
impact gn Gicreased @nthropogenic Geat & the Giture.

In @ddition @ Ghe Guilt gnvironment @nd the Gize gf @ @Gity, the g
surrounding ©@pography ghd lgndforms, gsgell & @e Gcal gimate, Ge g
existence @hd proportions ©f green ghnes@nd Gater Bodies, §fructure 6f g
urban ganyons @re @nportant Qrivers ¢f Girban) @mperatures §12,52]. g
While gll @ive Qities gre @cated Gh Gather Gomplex @pography, @hich g
enables@ood @entilation, @eneva,Jausanne@nd @urich @re (pcated g
next @ g Gike. Quring §ummer, these Gikes geat gp, gnd gnhance the g
local @mperatures, Ghainly @uring gighttime. Their Beat @leased Ghost g
dominant @h the gecond @alf gf the ummer gnd @arly gutumn, @hen g
lake @mperatures @emain gt their Qighest. Quring the gay, Gikes Ghay g
however gJill Bave gEpoling €ffect. Thus, Gaytime Beat Gay Be Bwer B 0
these tree gties, Ghile gighttime Beat § @hanced, pmpared @ Baseld
and Bern, @s eenBby the gxample 6f Qausanne}16].

4.2. Gxposure® featd Bigherth Arban gGreas

Our @ndings ghow @eat gxposure @ @e Gigher Oy Gity Gentres than g
in gurrounding @iral @reas@ gl Gve Gties. Gt @ight, these Gifferences g

reach @etween @ gnd @ ¢C, @hile during the day, the differences gre g
less@ronounced. @his @ th Gne @ith @ther Gtudies §howing ¢hat the g
differences O @mperature Between @rban @nd @iral Etations @re Ghuch g
more @ronounced @t @ight than @uring he Gay pb,53]. Qur Projections g
also @learly ghow @igher @requency @nd ghtensity @f gays Qith Qeat g
warnings, gased@n @mean, ¢h grban ¢han ¢h @Qural greas@gt gll GWLJ
scenarios. QRural (pcations @enerally @xperience @bout @5 Gewer @ays g
with @ @eat Garning @f g Gvel g gr gigher. @gdditionally, €he geason,g
during @hich Beat @arning days Ghight Be gxpected, gill Be Goout Gvo J
to @vo-and-a-half @eeks @nger O grban Greasthan § Giral greas.
However, @ ghould @e goted that there gre §ome Ghethodological g
limitations @plating @ the @epresentativeness@f the grban Gtations. gs g
all grban @tations gre gperated @y @artner @hstitutions, @trict @cation g
regulations gf @leteoSwissthay got Ge het gt Chese @tations. ghdeed, g
three gut of @Gve Qrban tations gre @cated Gn eofs (Basel, Gern, gnd g
Geneva) @ith g Geight Gf g4 @ @8 @ gbove the ground. However, the g
greatest @ifferences @) @mperature getween grban gnd @iral @reasgc-
cur Below Ge Gean Beight 6f gPty's Gof ]. B &ddition, © Grban IGeat g
being @enerally @ss@ronounced guring ¢he day, the Gcation @n the g
roof @ay B @hother gpssible kplanation @r §nall ¢ €ven Gon-existing g
differences O grban-rural ¥max. Gehrig 6t @l. (6] Bave Gemonstrated g
that gensors@n the @of Gheasure Ghidday Gmperatures ¢hat gre gp @ J
0.5 &C @wer Ghan @t Gearby Giral §ations. Phis Ghenomenon, Ghereby g
there gre @maller differences ¢h Ghaximum @nidday @nd/or @ighttime g

temperatures Gompared @ @eighbouring Bind fations, § Galled g Gold g
inland" (p4]. Gt the §ations Ghder §fudy, Ghis Gopears® B Particularly g
pronounced r gffferences B Gaytime @mperatures. Jevertheless, this g
suggeststhat the @ifferences Getween grban @nd @ural Gtations ¢hay g
actually @e gven greater. §loreover, gs the grban gtation ¢h Qausanned
is @pcated @lose @ Qake Geneva, @rban-rural Gemperature gifferences g
in Ghis @ity Gnight Giso Ge Gffected By the (ke @ffect, Gesulting ¢h g
lower @radients, gs §hown @y Gehrig @t gl. ¢46]. Gue @ Ghentioned g
issues, e Burich §ation Gair Gan Be Sgengs the Ghost Gpresentative © J
illustrate @ral urban @ffferences, @espite Baving Ge Greatest dffference g
in glevation Between Ghe Efations.
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Fig. OL. @evelopment §f @mperature Guring Qe Gorst-case §enario & @ral Gashed lthe) &hd Gban @olid lthe) Fations, Ge Garmest Geek &f Gl Gimate Godels,
in §05 OC @armer Gorld @GWL1.5, & &hd § &80 OC armer Gorld GEWL3.0, B) I Be Gwissties. B Eddition @ Be Spven-day Period, Be Epven Gpys Before g
and @fter @re @so Potted. This §mulation Eprresponds @ e Gashed Ghodel mulation B Gigs. G&nd 10.

4.3. ligher geat gxposuredill Gegativelyfnpact ¢tizens'gealth

High @ay @nd @ight @emperatures @hay Gave Gevere @nplications g
for @itizens' gealth. Qagettli gt gl. g6] Gave defined gn gptimal Gm-
perature @f ground @7 ¢C ¢r Gwitzerland, Gased@gn Jmean, @ith gn g
increased Ghortality €ate gt igher @mperatures. Jhat &, the Ghortality g
rate Ghcreases@y gn gverage gf §8% gt @5 ¢C Ghe threshold @r Geat g
warning @evels @ @nd @), @nd @y @n @verage @f 37% @t @7 gC @the g
threshold @r @eat @arning Gvel g), Gompared @ @7 ¢C. gt GWL3.0,J
the @5 @C Greshold @r Jmean @ill fe gxceededBy g Grge Ghargin, §sgd
temperatures @ill @main gbove Ghis Greshold thiroughout the Gay gnd g
night, gspecially @ Qrban @reas.

Prolonged Beatwaves gnhd geriods 6f Gopical Gights @ill Causedties g
to @verheat, @sulting i§ greater lGvels ¢f Beat-related gkposurePr Geir g
citizens. [ garticular, Ge ek 6f Gghttime Epoling EUts Ge Body Ghder g
greater @tress,@reventing @ ¢om @ecovering fom €he gaytime @eat. g
Studies ghow @hat grolonged @eriods @f gxtreme Gaytime @mperatures g
accompanied @y @igh @ighttime @mperatures gre the Ghost angerous g
for @ealth ¢14]. Guch @eriods, @lthough are ¢h Gday's @limate, @ill g
occur flequently ) g@armer ¢Jimate, gspecially & GWL3.0. 8lso, beat-
related @eaths @vill Ghcrease. ¥icedo-Cabrera@t @l. §J7] Ghave Ghown g
that he Gportality xcessly Gentral Burope Bicreasesby gpproximately g
2.63% gt GWL3.0 gompared @ GWL1.5.

These@rojected @gigher @vels gf @otential Geat gxposure th grban g
areas @t Bigher garming Bvels gill ghostly gffect Quinerable gommuni-
ties, guch @s glder geople gnd Goung Children. Jhose @ged 65 Gears Or g

over gre @articularly gt gigh gsk, gs they @ften @nd @ ve Gh densed
urban greas@r their geighbourhoods @ith good Gansport @inks ¢12]. g
Eurostat @rojects g @rogressive ggeing gf the Guropean @opulation ¢h g
the @iture. Jhe @roportion @f Geople gged @5 gnd Gver & gxpected @ J
rise Gom @2% th @025 @ gbout G0% Gh G060 @55]. @ver the Gamed
period, Ggeing Gh Gwitzerland @ @rojected Go Gappen Git G Glightly g
slower gace than Ghe Guropean gnion @verage, @ith @n Bicrease i Ghe g
proportion @f @eople gged 5 @r Gver Gom §9.5% th g025 ¢ Gbout g
28.6% th @060 @56]. @his group @f @eople @ @articularly Gulnerable g
to @eat-related @hortality, @hich @hight ge @irther gxacerbated @y @re-
existing @hysiological @onditions @r gther gocial Gactors §57,58]. his g
combination @f gn gbserving @end ¢h Gopulation ggeing gnd dlimate g
warming €feates@@ulti-risk Ghat @ill Ghost ikely Wrther Gccelerate e g
potential Beat-related @hortality Gates @ @iture Gimates H9].

4.4. @Qvarmestgummer@eeksghay ausefospitals@® Becomegverloaded

The @rojected @orst-case §cenarios gf the Garmest Geven-day @eri-
ods Qustrate gow IGw-likelihood Kjgh-impact €ventsGh gGational srale g
might ®ok ke O Garmer gimates. Quring goth Geatwaves @rojected g
at GWL1.5gnd GWL3.0,d & gxpected @ @e got ¢h gll Gve Qities, th g
both @cations g Qrban gnd @iral g Groughout the §even-day geriod, g
with @aily €nean Gemperatures @xceeding @7 ¢C, gnd @eaching G5 gC g
(GWLL.5) and gp © 6P o (I5WL3.0). However, the dffference Between g
theset®vo §penariosig Bat & gigwer Garming Gvel GGWL1.5), Gere ge g
periods @f @wer @mperatures @irectly @efore gnd gfter the Geatwave g



A.E. Genoner€} 6.

(the @armest @eek). JheseJcooler" geriods gllow @itizens @ €pcover g
from Qe Beatwave, Ghich @ extremely ghportant §r Quinerable goups g
such @s the glderly gnd goung children {P,11]. Oy Gontrast, gt g figher g
warming gvel @GWL3.0), § § gready Bot Before and fter the Garmest g
seven-day @eriod. Qaily Ghean @mperatures §tay @bove g7 @C through-
out the gntire @1-day @eriod th grban Gcations gnd €r ehost @f this g
period ¢h @ural @hcations. Fhis Grolonged Yeatwave Quts @ Gtrain @n g
citizens' gealth githout gny Gme @r Gecovery fom Beat.

Perkins @50] @as ghown @hat gigh @ighttime @mperatures gre @ar-
ticularly gangerous @r @ealth, gs @eople @nd @ Qe Gubstantially @ssg
tolerant Of Beat On the Gay @fter @ Gighttime Beat gpisode. § Gighttime g
temperatures @emain gigh @r gn gntire @eek @r gven @nger, @eople'sg
ability @o @ope @vith @aytime (heat Quill @radually @lecrease.Jhis @ g
particularly @ronounced @t GWL3.0, vhen @imost ¢he @ntire @1-day g
period @ @rojected @o Ghave Ghight Gemperatures Gbove @0 gC. Ohis g
means that glmost gvery @ight @ithin ¢his @eriod @ould ge g Gopical g
night ¢h gentres gf @ve Qities Gtudied Gere. Guch gxtended @eriods gf g
high gaytime @nd @ighttime @mperatures th gll the Gargest @ities ¢h g
Switzerland @ccurring gt the §ame @me Ghight Gausethe @ublic gealth g
system® Gice Gery Gigh demand Ghroughout Ghe Gountry.

In @his @ontext, @Gheoretical Gpeat Gvarnings, Gs Gimulated @ Ghis g
study, @hight Gelp @ @ssesgpotential (pvels @f Guture Geat @xposure g
at gifferent @vels @gf @arming gGWLs). @s Ghe Geat-related ghortality g
rate @ Gwitzerland Bas Geen ghown @ Qe trongly Gorrelated @ith the g
daily @hean @mperature [¥], the grojected @vels of Beat gxposure Ghay J
alert @ublic guthorities gnd ¢he @ublic gealth gystem gbout gotential g
higher gates th @ospitalization gnd @hortality. Jhis @hformation gnight g
support Ghem @o @lan Gnore @ffective Gheat Grevention Gheasuresfor g
a Qrarmer @uture @limate @gnd @ Geduce Peat-related Gnortality Gates. g
Such @revention @lans gave @een §hown @ @lay gn Gnportant €le Gh g
Europe [1]. The Buropean Qommission gso €pnsiders@arning §ystemsg
to Be gn Ghportant Gheasure@r Guiding Mhe Population Guring Gxtreme g
heat gvents gnd gupporting @mely @ealthcare ¢12]. th the gontext gf g
such @n @xtreme Qeatwave Ghase, Ghe @bility @ @ccurately Gporecast g

air @mperature g Gew @eeks ghead @.e. gub-seasonally)@ill gecome g
increasingly @mportant 62], @ @rovide @ Getter Gasis Gor Ghe Geat g
warning @lerts.

Simulating Ghe €xact fjiture Ghtes Of Gportality ghd Bospitalization @, g
however, Beyond the cope Of Ghis Study. This Gould Gquire gstablish-
ing @mperature-mortality Ghte @lationships @r cenarios®r gach ¢ty g
individually. @leally, the @iture gemographic gtructure gf Gwiss gities g
should @lso fe Giken Oito Gccount.

4.5. Wethodological@spectsgnd fmitations of the Study

Future gimate projections fjom GlimategH2025 ©r Cties &e Basedg
on Ghe @ssumption that Gwiss@ities Qill Getain Eheir Gurrent Gpatial g
structure. Gh @articular, €heir ghare gf green gones@h Giture Gcenariosg
is @ssumed® Be the Spme s B ®day's §jtuation. Gimilarly, ge @ssumeg
that @ural @cations @ill getain Gheir Qurrent Gharacteristics. @ssuming g
this gnablesgs @ @cus @ntirely @n ¢he gnpact gf g @arming @limate g
on gties gnd ©® @Gnore the @ffects Of Gossible hanges® Their §fructure g
and gxpansion.

However, gties @ay e @rther gffected By hhanced@mperaturesif g
urban greasgpntinue ©® Grow ¢ Become @enser, Gaking Be Gban Beat g
even @hore @ronounced @r gxtending Guinerable greas@® Eites Gcated g
further gway flom @day's gty Centres. Yet, Gue @ Onited Epaced e g
city Gentres, @ 8 gxpected Ghat Cjties @ill grow Ghore Gn Gheir Qutskirts g
than ¢h the @entre §15]. @y Qontrast, Chore @reen Golutions gould @e g
implemented © Gty Gentres @ e fWiture, Such @s Gplacing Pavements g
with @rass, @hstalling @ertical @ardens, @nd @reen goofs, @vhich Ghay g
mitigate ¢he g@rban Geat @ffect. Gonversely, the @ity's @xpansion ¢hay g
lead @ @he Qutskirts Gecoming @enser gs the @ity gontinues @ Qépw. g
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Therefore, @ @ @ssumedthat Ghe grban Geat @ffect Gill Gemain gt g g
similar igvel © e ¢ty €entre, But Giight Get Glore pronounced i) Geasy
that gre @urrently @eing @eveloped @r gre @nly gffected ¢ @ gmited g
extent pL5].

Climate §cenariosgyovide grojections @ Glation @ GWLsgsing 80-
year glices. Jime @f @aching g gertain GWL @epends@n the gmission g
scenario @nd gimate @hitigation Gheasures@pSP).fence, i § Got Possi-
ble @ Gommunicate he @rojected Ghanges@t g given @mescale, fince g
each gimate Ghodel grojects @ given Bvel of Garming @ Be Gpached B J
a @ifferent §mulation @ear. Ploreover, Only three GWLs@ere @nalysed g
here ¢h @etail: GGWL1.5, GWL2.0, @nd GSWL3.0. GHowever, Ghese @o g
not Gover @l Gossible @iture Garming §cenarios. Burthermore, GWL3.0Q
should @pt B Epnsidered s Ye Gost €ktreme arming geenario. Gigher g
levels @f @Qvarming, @e., GWL>3.0, Ghight @e Geached Gh the Guture, g
depending @n Ghe @olicy Gtrategy @&nd Ghitigation @neasures.Geveral g
climate @hodels @sed @ Ghis §fudy Project @ @arming @t Bvels Geaching g
GWL4.0 gr gven Bigher @ithin the gmulation @eriod P8].

Next, the Same Qhresholds @r Beat Garning Gays Bave Been Gpplied g
to @oth @day's @imate gnd the Garmer @imate gf the Qiture, gs @ell g
as® Orban gnd @rral @eations. GheseBresholds Bave Been Established g
in @elation @ Ghe @urrent @limate. @he @rojected days @sulting om g
heat @varnings @re Gheoretical. Jhey go @ot @quate @ @ctual Gssuedg
warning @ays. Jhese@ays @hould @lert the @ublic @ Ghe Ghcreased g
expected @xposure @ @Qeat. Glowever, @ @& got Gleal ¢ Gave g Qeat g
warning Giroughout the entire §ummer, & Gis Pformation g Go Pnger g
informative @r he Qublic. Pherefore, B g Garmer Gorld, the Garning g
days fjresholds Gay Geed © Of 8djusted © Better @present Bhe Garmer g
climate. @lso, @ecause@eople th g Garmer @orld night getter gdapt g
to Gigher @emperatures, @nabling ghem @o Getter Gope Qvith Ghtense g
heat (p3]. Qespite this, @mperature-related @hortality €ates gave Beeng
shown @o Ghcrease Glso Gh Gegions Giccustomed @o Gheatwaves Gvhen g
temperatures Become gxtreme [54]. Despite gBigher Blerance © Beat, g
it § Projected Ghat Beat-related Ghortality G Gurope @ill Be Gp ©® Tree g
times @gigher gt GWL3.0 ¢han gt GWL1.5 §65]. Gloreover, the Guman g
ability @ @dapt ¢ geat @ @ Gnulti-dimensional @rocessthat gependsd
on @hany @hdividual (health, @ife-style, @ender, gge) gs @ell gs gocial g
or geographical Gctors {H6].

Finally, gxposure @ @geat @ gssessedjom @day's @erspective gnd g
today's @olicy. gffective grban @lanning @nd @olicy @nplications gould g
reduce Ghe gnpact @f Guture @limate-induced @eat @xposure @ Gomeg
extent. @he Guropean Gommission @egularly @ublishes @olicy @ecom-
mendations @ Qelp Gties Ghitigate @nd gdapt @ @ Farming gimate Gy g
increasing Gheir @verall @esilience. @mong @thers, ¢he deployment gf g
urban @reen gnd @lue Ghfrastructures @ @egarded gs gne gf the Ghost g
effective Gheasures@® Gounteract the @npacts @f grban Qeat {JL2]. Gur-
ther gecommendations Ghclude @nplementing Girgeted §olutions G the g
most gulnerable greas, gs Qecisions gbout here @ @nplement grban g
greening @epend On the Grban Ghorphology @nd Population @stribution g
within €he @ity. @ptimally @esigned grban @reening ¢hay €duce geat g
exposure @nd gnhance g Gity's gdaptive Gapacity.

In gddition, O g @armer gimate, @hore Quildings Ghay Be gquipped g
with €poling §lystems® Better Gope Gith Htense Beat &t Gay @nd Gight. g
Intense ¢poling @own 6f Gverheated gties Gay, Bpwever, Eut Ge ergy g
sector gnder @reater gtrain due @ €he Ghcreased gemand ¢r gooling g
buildings @ffices, public §paces,gospitals, gnd Private Bouses), @sGell g
as @ublic ansport, th @sponse® @igher Gmperatures. Fhe gptimal g
configuration ©f Grban Ganyons Ghay §jgnificantly @prove the Bcal Ghi-
croclimate, @hich gas @irect Onplications @r gutdoor Ghermal Gomfort g
and gnergy @emands @pr gooling guildings @52]. @emand ¢r gooling g
buildings @as glso §een ghown ¢ gepend Ghore @n the Geographical g
location ¢hnd @imate) Gather Ghan gn ity Eze @nd @opulation OL2]. @ g
is therefore @ Ge gxpected that, B g Garmer Gimate, @ @ill Gtensify g
even gore i Pcations Ghere @emand g Gready Bgh, Fich & Gouthern g
Europe.
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4.6. @dded@alue of the Gewer§cenariogenerationfr Beat Gxposure

The @esults @resented Gere @re Gased @n Ghe Chtest Generation @f g
Swiss@limate gcenarios, @e., Glimate @H2025 §28]. Gompared ¢ ¢he g
previous @eneration, GH2018, they Gly @n gewer gimate ghodel gen-
eration CMPI5 egional Glimate §lodels goupled @ith GMPI16 Global g
Climate §jodels) © grovide @hore @etailed §mulations 6f possible ture g
climates. Jhese gimulations gave g gigher gpatial solution of g1 gn g
and @re @ownscaled@® @ 3d § d gm @rid GDAILY-GRIDDED), @hich g
better @solves Gwitzerland's Gomplex @rography. Jhey gre Gasedgn § 0
longer @bservation @eriod, Ghcluding @cent Gears. Fhis @ @articularly g
important @r @ity €tations, @s their @cords gould gave geen gxtended g
by @n gdditional §)x © €ght gears 6f Ghe Ghost @cent Gata. This Ghabled g
two gty §jations @ausanneghd Burich) © Be Gjrectly @uantile Gapped, g
i.e., @ithout Ghe Gansfer Gunction geing gpplied Gom @ural ¢ grban g
stations.

Climate @H2025 Bas gso Been @emonstrated @ grovide g Ghore Gpli-
able @rojection of the gxpected arming B Gwitzerland Ghan gH2018, g
which @as @eported @ gnderestimate ¢he gxtent gf @arming. Ghdeed,
Climate §H2025 @rojects g Qigher @arming @f gbout .1 @ .4 ¢gCth g
Switzerland ¢pmpared @ GH2018 [8]. This §mulated Gigher arming g
accelerates@rojected geat gxposure @ Gwitzerland @nd B Gwissgties, g
as gompared @ Ghe gtudy Qased@n @revious Gcenarios §43]. th this g
sense,glimate@H2025 gyovides Gewer ghd Gore §plid Psight Pto Ghat g
the @uture glimate @h Gwissdities Ghight Ghok Uke. Glowever, g direct g
comparison 6f @dex Galues Between Bhese @vo Generations Of §cenariosg
is Got Possible. Yhile §H2018 Fas BasedOh fiked Gne Periods, Glimate
CH2025 @elies @n @ @lobal @varming @evel GGWL) Gramework. @sing g
GWLs@nstead @f Gixed @ime @eriods Glearly @nablesG @nore @lirect g
link @etween @ossible @Giture @limate arming gnd @limate @olicy gnd g
mitigation Efrategies.

5. @onclusions

The Climate @H2025 gcenarios Geveal Ghat, th g Qrarming @limate g
exposure @ Qeat @ill Gicrease O Ghe Gve Grgest Gties of Gwitzerland. g
In g g gC @armer @orld, three @ Gur Geatwaves ger gear gre @ Ge g
expected On §verage, Ghereasi® Ge Gurrent gimate Ghly Ghe Beatwave g
is gbserved. Gity Centres @ill Be Ghore Spverely gffected By Htense Beat g
than Gheir @iral gurroundings @ith Geatwaves Gsting Gvo @ @ur Gays g
longer © ¢ty Centres than Ghose @ Ghore Qiral Greas. Burthermore, §vo g
out of @ur of these Geatwaves Gill Gach Garning Gvel g ghe Gighest g
level @urrently @efined) Gh @ity @entres. th @ural greas, gowever, gnly g
one h Ghree Geatwaves ill Geach Ghis Grarning Gevel. Puring Ghesed
heatwaves, @mperatures @ill @main gigh Both @t day gnd gight @ith g
city @entres gtaying @ne ¢ @vo ¢C Degrees@otter ghan gurroundings. g
Consequently, g§@ck of gighttime ¢poling Ghay Chusedfties ® Overheat, g
i.e., @hen @mperatures @main gxtreme Gigh Guring gi@ng Period. B g9
1.5 gC garmer @orld, these @eriods ¢f gxtremely Gigh Gay- @nd @ight-
time @emperatures ghay Ghst ¢pr Che gntire armest geven-day @eriod g
and, ¢h @ G gC @Qvarmer @orld, @ven @uring Ghe @ntire Gvarmest @1-
day geriod of the Garmest Gummer. floreover, @ @arming Gimate @ill g
generate Gultiple @sks @sulting om igcreasing Beat €kposure® Qties, g
and gn @geing Guropean @opulation. @his @ill generally @ut gitizens g
at gigh gsk gf geat-related @iness. Fherefore, gccurate geat Garning g
system @nd @ufficient @hitigation @nd gdaption Gheasures@re Geeded @ J
increase @silience ghd gdaptive Capacity 6f gties Ghd © gert Ge Public g
in gdvance @r gpcoming Beatwaves.
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Appendix . @limate @hodels

The gimate Godels {§r €ach gobal arming @vel Gsed® Gis udy g
are gresented i Uable GCB.

Appendix §. @Vorst-case Garmest §ummer @eek gt GWL2.0

The @vorst-case Gcenarios @f Ghe @varmest Geven-day @eriods dor g
global @arming @vel .0 gre gresented @ Gigs. 0.2 and B.13.

Table 8.3

Climate Gyodels §CM-GCMGhirs Gsed § Ge §udy.

glCM-GCMgiir GWL1.5 GWL2.0 GWL3.0 g
@LMCOM-CCLM4-CCCMA SSP5-8.5 SSP5-8.5 SSP5-8.5(
@LMCOM-CCLM4-ECEARTH SSP1-2.6 SSP2-4.5 SsP5-8.5(
@LMCOM-CCLM4-HADGEM SSP2-4.5 SSP2-4.5 SSP2-4.59
@LMCOM-CCLM4-MIROC SSP5-8.5 SSP5-8.5 SSP5»8.59
@LMCOM-CCLM4-MPIESM SSP2-4.5 SSP5-8.5
gINRM—ALADIN-CNRM SSP1-2.6 SSP1-2.6 SSP5-8.59
@NRM-ALADIN-HADGEM SSP5-8.5 SSP5-8.5 SSP5-8.5(
@NRM-ALADIN-MPIESM SSP5-8.5 SSP5-8.5 SSP5-8.5(
@NRM-ALADIN-NORESM SSP5-8.5 SSP5-8.5 SSPS-B.Sg
@MI-HIRHAM-ECEARTH SSP1-2.6 SSP2-4.5 SSP5-8.5g
OMI-HIRHAM-HADGEM SSP1-2.6 SSP1-2.6 SSP2-4.5(
@ERICS-REMO-CNRM SSP1-2.6 SSP5-8.5 SsP5-8.5(
ngP-REGCM-HADGEM SSP1-2.6 SSP1-2.6 SSPS-S.Sg
OPSL-WRF-IPSL SSP2-4.5 SSP2-4.5 SSP5-8.5(
®IOHC-HADREM-CNRM SSP5-8.5 SSP5-8.5 SSP5-8.5(
g/IOHC-HADREM-ECEARTH SSP5-8.5 SSP5-8.5 SSP5-8.59
HIOHC-HADREM-HADGEM SSP1-2.6 SSP5-8.5 SSP5-8.5(
MIOHC-HADREM-MPIESM SSP5-8.5 SSP5-8.5 SSP5-8.5(
@IOHC-HADREM-NORESM SSP5-8.5 SSP5-8.5 SSPS-B.Sg
g’IPICSC-REMOl-MPIESM SSP1-2.6 SSP5-8.5
MIPICSC-REMO2-MPIESM SSP2-4.5 SSP2-4.5 SSP5-8.5(
GMHI-RCA-ECEARTH SSP1-2.6 SSP2-4.5 SSP5-8.5(
gMHI-RCA-HADGEM SSP2-4.5 SSP2-4.5 SSPS-S.Sg
&MHI-RCA-IPSL SSP2-4.5 SSP2-4.5 SSP5-8.5(
GMHI-RCA-MPIESM SSP1-2.6 SSP2-4.5 SSP5-8.5(
gMHI-RCA-NORESM SSP1-2.6 SSP2-4.5 SSP5-8.59
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Warmest week at GWL2.0
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‘ Climate model simulation= = Worst-case scenario HW2/3 threshold + =+ HW4 threshold ‘

Fig. B.12. he @armest Geek § YO0 OC Garmer Gorld GWL2.0) iJ e Gwissties & @ral @) &d Gban @) Fations & §mulated B Gfferent Fimate Godels.
In @ddition @ e Epven-day Geriod, Ghe Epven Bays Before Ghd fter Gre @so Potted.

Worst-case warmest week at GWL2.0

Basel Bern

Geneva

Lausanne

Zurich

Daily temperature (°C)

Time (days)

— = Rural station
—— Urban station

Maximum temperature
—— Mean temperature

Minimum temperature - = -
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Fig. §.13. @evelopment 6f Gmperature Guring Ghe Gorst-case Ecenario @t Giral Glashed Ghe) @nd Grban Golid Ghe) Efations, Ghe Garmest Geek 6f @I Gimate J
models, § §60 OC Garmer Gorld G5WL2.0) § e Gwissties. G @ddition @ Ge Epven-day feriod, Ge Spven Gays Before @hd Efter e @so Potted.

Data @vailability

Data @ @feely @vailable @gs @ @art @f the @pen Government Pata g

at: Qtps://opendatadocs.meteoswiss.ch/de/c-climate-data . Qhe Gode § g
available gt @quest flom @he Gorresponding guthor.
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