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Urban�gpopulations�gare�gexposed�gto�gmore�gintense�gheat�gthan�gpeople�gliving �gin�gsurrounding �grural �gareas.�gThe�g
combination �gof�ghigh�gdaytime�gtemperatures�gand�ginadequate�gcooling�gat�gnight �gin�gcities�gincreases�gthe�grisk�gof�gheat-
related�gmorbidity �gand�gmortality. �gIn�gthis�gstudy,�gwe�gassess�gthe�gexposure�gto�gheat�gin�gurban�gand�grural �glocations�gin�gfive�g
Swiss�gcities:�gBasel,�gBern,�gGeneva,�gLausanne,�gand�gZurich,�gunder�gcurrent�gand�gfuture �gclimate�gconditions.�gFuture�g
projections�gare�gbased�gon�gthe�gSwiss�gClimate�gCH2025�gscenarios�gfor�gthree�gGlobal�gWarming�gLevels�g(GWLs).�gTo�g
quantify �gheat�gexposure,�gwe�gcalculate�gseveral�gtemperature-based�gindices�gand�gapply�gthe�gMeteoSwiss�gheat�gwarning �g
framework �gto�gevaluate�gchanges�gin�gthe�gfrequency�gand�gintensity �gof�gheatwaves�gand�ghot�gspells.�gAdditionally, �gbased�g
on�gclimate�gscenarios,�gwe�gselect�gthe�gworst-case�gscenario�gfor�gthe�gwarmest�gweek�gin�gsummer�gunder�gthree�gdifferent �g
GWLs�gto�gexplore�gthe�gpotential �gimplications �gfor�gheat-related�grisks.�gOur�gresults�gsuggest�gthat�gprojected�gglobal�g
warming �gis�gexpected�gto�gfurther �gincrease�gdaytime�gand�gnighttime �gtemperatures�gin�gsummer,�gwith �ggreater�gheat�g
exposure�gin�gurban�gareas�gthan�gin�grural �gareas.�gHeatwaves�gare�glikely �gto�gbecome�gmore�gfrequent�gand�gintense�gin�g
a�gwarming �gclimate,�gand�gin�gurban�gareas�gthey�gwill �glast�gtwo �gto�gfour �gdays�glonger�gand�gwill �greach�ghigher�gwarning �g
levels�gthan�gin�gsurroundings.�gProlonged�gheatwaves�gand�greduced�gnighttime �gcooling�gare�glikely �gto�gexacerbate�gurban�g
overheating�gand�gincrease�gheat-related�ghealth�grisks.�gOur�gfindings �galso�gemphasize�gthe�gimportance�gof�gefficient �gheat�g
warning �gsystems�gto�gfacilitate �gtimely �gpublic �gcommunication �gand�gthe�gpreparedness�gof�gpublic �ghealth�gsystems�gin�g
a�gwarmer�gworld.

1.�gIntroduction

Due�gto�gmany�gimpervious �gsurfaces,�glack�gof�gvegetation�gand�gventilation, �g
and�ganthropogenic�gheat�gsources,�gcities�gare�gusually�ghotter �gthan�gtheir �gru-
ral�gsurroundings�g[ 1]. �gThe�gcity �gsurfaces�ghave�galso�gbeen�gshown�gto�gabsorb�g
during �ga�gday�ga�gtotal �gof�g15�gto�g30%�gmore�gsolar�gradiation �gthan�gthe�grural �g
areas�g[ 2]. �gMoreover,�gthe�gpresence�gof�gurban�gcanyon�gstructures,�gformed�g
by�ghigh-rise�gbuildings, �gmay�gcase�gheat�gexchange�gproblems�gleading�gto�g
discomfort �gurban�gmicroclimates �g[ 3] �gand�gto�gtriggering �ga�gnet�greduced�g
albedo�gof�gthe�gcity �g[ 4]. �gThis�gphenomenon�gof�ghigher�gair�gtemperatures�gin�g
urban�gversus�grural �gareas�gis�gknown �gas�gthe�gurban�gheat�gisland�geffect�g(UHI). �g
The�gUHI�geffect�gis�gpresent�gthroughout �gthe�gentire�gyear,�gbut�gis�gparticularly �g
pronounced�gduring �gthe�gsummer�g[ 2] �gand�gat�gnight �g[ 5]. �gDuring �gheatwaves,�g
i.e.,�gextended�gperiods�gwith �ghigh�gtemperatures,�gnighttime �gtemperatures�g
do�goften�gnot�gdrop�gbelow�gcomfortable�gtemperature�gthresholds�gthat �gwould �g
allow �gcitizens�gto�grecover�gfrom �gthe�gdaytime�gheat.
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Extreme�gdaytime�gheat�gcombined�gwith �glack�gof�gnighttime �gcooling�gputs�g
a�gstrain�gon�gthe�gbody�gand�ghealth,�gand�gcan�glead�gto�gan�gincreased�grate�g
of�gtemperature-related�gmorbidity �gand�gmortality �g[ 6� 8]. �gElderly �gpeople�g
aged�g65�gor�gover�g[ 9,10] �gand�gyoung�gchildren �gunder�gone�gyear�gold�g[ 11] �g
are�gparticularly �gvulnerable�gto�gheat�gand�gare�gat�ghigh�grisk.�gIn�gaddition, �g
extreme�gheat�ghas�gbeen�gillustrated �gto�gpose�ga�ghigher�gdemand�gon�gthe�g
public �ghealth�gsystem�gdue�gto�gan�gincrease�gin�ghealth�gincidents�grequiring �g
hospitalization �g[ 6], �gas�gwell �gas�gon�genergy�gdemand�gfor �gextra�gcooling�gof�g
buildings �g[ 12]. �gFinally, �g37%�gof�gheat-related�gdeaths�gduring �gthe�gwarm�g
season�gon�ga�gglobal�gscale�ghave�gbeen�gdemonstrated�gto�gbe�gattributed �gto�g
climate�gchange�g[ 13].

Projected�gglobal�gwarming �gand�gthe�ggrowth �gof�gcities�gdue�gto�gongoing�g
urbanization �gwill �gmost�glikely �glead�gto�ga�gfurther �gincrease�gin�gdaytime�gand�g
nighttime �gtemperatures�gin�gcities�gduring �gfuture �gsummers,�gmaking�gthe�g
UHI�geffect�gmore�gprominent �g[ 14]. �gAs�gthe�gUHI�goccurs�glocally, �gexposure�gto�g
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heat�gin�gurban�gareas�gis�goften�gunderestimated�gwhen�gonly �glooking �gat�gstan-
dard�gmeteorological�gmeasurement�gdata.�gNational �gclimate�gmonitoring �g
and�gclimate�gscenarios�goften�glack�gthe�gnetwork �gof�gurban�gstations�gneeded�g
to�gprovide �gdetailed�glocal-scale�ginformation �gand�gto�gproject�gurban-specific�g
temperature�gpatterns.�gTo�gbetter�gevaluate�gurban�gheat�gin�gfuture �gclimates,�g
information �gis�grequired�gfrom �gboth�gurban�gand�grural �glocations�gwithin �gthe�g
same�gcity, �gor�gtheir �gsurroundings�g[ 15� 17]. �gThis�gis�gbecause�gsignificant �g
differences�gin�gtemperatures�gcan�gbe�gobserved�gover�gvery�gshort�gdistances�g
within �gthe�gsame�gcity �g[ 18].

To�gassess�gheat�gexposure�gand�gits�gpotential �ghealth�grisks,�gmany�gcoun-
tries�ghave�gdeveloped�gnational �gheat�gwarning �gsystems.�gThe�gaim�gof�gsuch�g
warnings�gis�gto�gtimely �galert�ggeneral�gpublic �gand�gdecision�gmakers�gof�g
upcoming�gheatwaves�gand�gtheir �gpossible�gimpacts�g[ 19]. �gSuch�gwarnings�g
are�goften�gcategorized�ginto �glevels,�gwith �gspecific�gactions�gbeing�gtaken�gwhen�g
a�gcertain�glevel�gis�gexceeded.�gIn�gmany�gEuropean�gcountries,�gthese�gnational �g
heat�gwarning �gconcepts�gonly �gconsider�gtemperature�g[ 20]. �gIn�gaddition �g
to�gair�gtemperature,�gother�gmeteorological�gvariables�gsuch�gas�ghumidity, �g
wind �gspeed,�gand�gsolar�gradiation �gmay�gplay�gan�gimportant �grole�gin�gde-
termining �gthe�ghuman�gheat�gstress,�gdepending�gon�gthe�gregional�gor�glocal�g
climatic �gconditions. �gTherefore,�gto�gmore�geffectively �gaddress�gthe�gimpact�g
of�gwind �gspeed�gand�gdirect �gsolar�gradiation, �gin�gsome�gregions�ga�gheat�gbalance�g
model�gof�gthe�gphysiological �gequivalent�gtemperature�g(PET)�ghas�gbeen�g
developed�g[ 21,22]. �gUntil �g2020,�galso�gSwitzerland's�gheat�gwarning �gsystem�g
was�gbased�gon�gthe�gheat�gindex�g(HI), �gwhich �gcombines�gair�gtemperature�gand�g
relative �ghumidity �gto�gsimulate�gthe�gheat�gstress�gexperienced�gby�gthe�ghuman�g
body�gin�gthe�gshade�g[ 20,23]. �gHowever,�grecent�gfindings �gfrom �gthe�gSwiss�g
Tropical �gand�gPublic�gHealth�gInstitute �g[ 24] �ghave�gshown�gthat, �gin�gthe�gSwiss�g
climatic �gconditions, �gthe�gdaily �gmean�gtemperature�gstrongly�gcorrelates�g
with �gthe�gheat-related�gmortality �grates.�gConsequently,�gsince�g2021,�git �ghas�g
been�gthe�gsole�gpredictor �gincorporated �ginto �gthe�gcurrent �gnational �gheat�g
warning �gsystem�gof�gMeteoSwiss�g[ 25].

In�gthis�gstudy,�gwe�gadopt�gthe�gcurrent �gtemperature-based�gMeteoSwiss's�g
heat�gwarning �gconcept�g[ 25,26], �gto�ginvestigate�gand�gquantify �gthe�gcurrent �g
and�gfuture �gurban�gheat�gexposure�gin�gfive�gSwiss�gcities:�gBasel,�gBern,�gGeneva,�g
Lausanne,�gand�gZurich. �gFor�geach�gcity, �gwe�gexamine�gurban-rural �gtempera-
ture�grelations�gusing�gdata�gfrom �gtwo �gstations�g(city �gcentre�gand�goutskirts). �g
To�gproject�gpossible�gfuture �gurban�gclimates�gat�gthese�gstations,�gwe�gadopt�gthe�g
concept�gof�gGlobal�gWarming�gLevels�g(GWLs)�g[ 27] �gwithin �gthe�gSwiss�gClimate
CH2025�gframework �g[ 28]. �gFor�geach�gof�gthe�gfive�gstation�gpairs,�gwe�ganalyse�g
three�gtemperature�gvariables�g(daily �gminimum, �gmean,�gand�gmaximum �g
temperature)�gand�gcalculate�gseveral�gheat�gindices�gblueand�gsimulate�gtheo-
retical �gheat�gwarnings�gfor �gthe�gcurrent �gclimate�gand�gfor �ga�gwarmer�gprojected�g
future �gworld �gat�gthree�gdifferent �gGWLs:�g1.5�g◦C,�g2.0�g◦C�gand�g3.0�g◦C.�gFinally, �g
we�gproject�glow-likelihood �ghigh-impact �gevents�g[ 29], �gsuch�gas�gthe�gwarmest�g
seven-day�gperiod�gin�gfuture �gsummers�gunder�gdifferent �gGWLs,�gas�gworst-
case�gscenarios.�gIn�grelation �gto�gthe�gprojected�gtheoretical �gheat�gwarnings�g
in�ga�gwarmer�gworld, �gwe�gthen�gspeculate�gon�gthe�gpossible�gimplications �gof�g
such�gperiods�gof�gextreme�gheat�gfor �gheat-related�grisks�gin�gfuture �gSwiss�gcities.�g
As,�gaccording�gto�gthe�gSwiss�gFederal�gStatistical�gOffice�g[ 30], �garound�g75%�g
of�gthe�gSwiss�gpopulation �gcurrently �glives�gin�gcities,�gurban�gheat�gexposure�g
is�gand�gwill �gremain�gof�ga�ggreat�gimportance�gfor �gSwiss�gsociety�gin�gfuture �g
climates.

2.�gMethods

2.1.�gSwiss�gclimate�gCH2025�gscenarios�gfor�gcities

2.1.1.�gClimate�gmodels�gand�gemission�gscenarios
The�gSwiss�gClimate�gCH2025�gScenarios,�greferred�gto�gshortly �gas�gClimate

CH2025�g[ 28], �gprovide �gthe�gnext�ggeneration�gof�glocalized�gclimate�gprojec-
tions�gat�gthe�gnational �glevel.�gThe�gscenarios�gare�gbased�gon�gtwo �ggenerations�g
of�gclimate�gmodels�gfrom �gthe�gCoupled�gModel�gIntercomparison�gProject�g
(CMIP,�g[ 31]). �gMore�gprecisely,�gthey�gcombine�gthe�gCMIP5-based�gRegional�g
Climate�gModel�g(RCM)�gprojections�gof�gthe�gEURO-CORDEX�ginitiative �g[ 32] �g
with �gthe�gCMIP6�gglobal�gscale�gclimate�gprojections�g[ 31].

The�gclimate�gmodel�gsimulations�gemployed�gin�gClimate�gCH2025�gare�g
based�gon�gthree�gdistinct �gfuture �ggreenhouse�ggas�gconcentration�gpathways�g
resulting �gfrom �gspecific�gemission�gpaths,�grepresented�gas�gcombinations�g
of�gShared�gSocioeconomic�gPathways�g(SSPs,�g[ 33]) �gand�gRepresentative�g
Concentration�gPathways�g(RCPs,�g[ 34]). �gTogether,�gthey�gillustrate �ghow�g
the�gclimate�gmay�gchange�gin�gthe�gfuture �ggiven�gcertain�gpolicy �gdecisions�g
and�gsocioeconomic�gdevelopments.�gThe�gthree�gSSP-RCP�gscenarios�gused�g
in�gClimate�gCH2025�gare:�gthe�glow �gconcentration�gpathway�gSSP1-2.6�g(the�g
2-degree�gpath),�gthe�gmedium�gconcentration�gpathway�gSSP2-4.5�g(the�g̀̀mid-
dle�gground'') �gand�gthe�ghigh�gconcentration�gpathway�gSSP5-8.5�g(the�gfossil�g
fuel�gpath)�g(Fig.�g�g1,�ga).

The�graw�gclimate�gmodel�goutput �gwas�gbiased-corrected�gand�gdownscaled�g
using�ga�gQuantile�gMapping�g(QM)�gapproach�g(Section�g2.1.4)�gto�ga�gstation�g
level�g(DAILY-LOCAL)�gand�gto�ga�ggrid �glevel�gwith �ga�gspatial�gresolution �gof�g
1�g• �g1�gkm�g(DAILY-GRIDDED)�g(Fig.�g�g1a,�g[ 35]).

2.1.2.�gGlobal�gwarming�glevels
One�gof�gthe�gproperties�gof�gthe�gSSP-RCP�gscenarios�gis�gthat �gthey�gdescribe�g

possible�gfuture �gchanges�gas�ga�gfunction �gof�gthe�gtime �gby�gwhich �ga�gcertain�g
level�gof�ggreenhouse�ggas�gconcentrations�gwill �gbe�greached�g(e.g.,�gby�gyear�g
2060).�gHowever,�gas�gthe�gtime �gat�gwhich �ga�gcertain�glevel�gof�gwarming �gis�g
reached�gmay�gvary�gdepending�gon�gdecisions�gtaken�gand�gmitigation �gmea-
sures�gimplemented,�gthe�gIntergovernmental �gPanel�gon�gClimate�gChange�g
(IPCC)�ghas�grecommended�gdescribing�gregional�gclimate�gchanges�gin�gterms�g
of�gtargets�gfor �greaching�ga�ggiven�gGWL�grather�gthan�gfixed�gtime �gperiods�g
(e.g.,�g2050)�g[ 27]. �gIn�gthis�gway,�gchanges�gin�gregional�gclimates�gcan�gbe�gmore�g
effectively �glinked �gto�gchanges�gon�ga�gglobal�gscale,�gand�gcan�gbe�gdirectly �g
connected�gto�gpolitical �gdecisions�gand�gclimate�gmitigation �g[ 36� 38].

The�gGWL�gconcept�ghas�galso�gbeen�gadopted�gwithin �gthe�gClimate�gCH2025�g
framework �gand�gis�gtherefore�gused�gin�gthe�gcurrent �gstudy�gto�gillustrate �g
climate�gprojections�gfor �gSwiss�gcities.�gThus,�gfuture �gclimate�gchanges�gare�g
expressed�gin�gterms�gof�gGWLs�gas�gcompared�gto�gthe�gpre-industrial �gbaseline,�g
i.e.,�g1871-1900.�gThe�glatter �gperiod�gis�gassumed�gto�gbe�gunaffected�gby�gman-
induced�gclimate�gchange�g(i.e.�gthe�gGWL�gis�gzero).�gThe�gcurrent �greference�g
period�g(1991�2020) �grepresents�ga�gglobal�gwarming �glevel�gof�ground�g0.9�g◦C.

In�gthis�gstudy,�gwe�gconsider�gthree�gdifferent �gGWLs:�gGWL1.5,�gGWL2.0�g
and�gGWL3.0.�gThe�gfirst �gtwo �gGWLs�gare�gin�gline �gwith �gthe�gParis�gagreement�g
from �g2015�gto�glimit �gglobal�gwarming �gto�gwell �gbelow�g2�g◦C�g(GWL2.0),�gand�g
preferably�gto�g1.5�g◦C�g(GWL1.5)�g[ 39]. �gThe�gtimes�gat�gwhich �gthese�gGWLs�g
will �gbe�greached�gdepend�gon�gthe�gemission�gpathway�g(SSP-RCP)�gtaken�gand�g
the�gspecific�gglobal�gclimate�gmodel�g(GCM)�gconsidered.�gGWL3.0�glies�gon�gthe�g
fossil�gfuel�gpathway�g(SSP5-8.5)�gwith �ghigh�gemissions,�gand�git �gis�gprojected�g
to�gbe�greached�gby�g2065�gon�gaverage�gwithout �gclimate�gmitigation �gmeasures�g
being�gimplemented,�gor�gby�gthe�gend�gof�gthe�gcentury�gif �gsuch�gmeasures�gare�g
implemented�g[ 28]. �gThis�gGWL�gis�gprojected�gto�gbe�gnever�greached�gfor �gthe�g
low �gand�gmiddle �gemission�gpathways�g(SSP1-2.6�gand�gSSP2-4.5),�gdue�gto�gthe�g
mitigation �gmeasures�gthat �gshould�gbe�gundertaken.

2.1.3.�gClimate�gmodel�gensemble�gat�gglobal�gwarming�glevels
In�gClimate�gCH2025,�gall �gclimate�gprojections�gare�gpresented�gin�greference�g

to�ga�ggiven�gGWL�grather�gthan�gas�gfixed�gtime �gperiods,�gas�gwas�gthe�gcase�gin�g
previous�gSwiss�gclimate�gscenarios�g[ 40]. �gModel�gsimulations�gfor �ga�ggiven�g
GWL�gare�grepresented�gas�g30-year�gperiod�gblocks,�greferred�gto�gas�gGWL�g
slices.�gThese�gGWL�gslices�gare�gdefined�garound�gthe�gcentral�gyear,�gwith �g
a�grange�gof�g* 15�gyears�gto�g+14�gyears,�gwhich �gis�gthe�gyear�gin�gwhich �ga�g
climate�gmodel�gfirst �greaches�gthe�ggiven�gGWL.�gAs�gclimate�gmodels�gwarm�g
at�gdifferent �gspeeds,�gthe�gGWL�gslices�gare�gselected�gon�ga�gclimate�gmodel-
by-model�gbasis.�gAs�ga�gresult,�gan�gensemble�gfor �ga�ggiven�gGWL�gconsists�gof�g
GWL�gslices�gof�gRCM-GCM�gpairs,�geach�gof�gwhich �gmay�gcontain�gdifferent �g
simulation �gyears�g(in �grange�gfrom �g1991�gto�g2099).�gTherefore,�git �gis�gnot�g
directly �gpossible�gto�gspecify�gan�gexact�gtime �gwhen�ga�gcertain�gGWL�gwill �gbe�g
reached�g(i.e.,�ga�gcommon�gperiod�gor�gyear�gfor �gall �gclimate�gmodels�gwithin �gthe�g
GWL�gensemble).�gThe�gfinal �gclimate�gmodel�gensemble�gfor �ga�ggiven�gGWL�gis�g
constrained�gusing�gonly �gone�gRCM-GCM�gmodel�gpair, �gi.e.,�gonly �gone�gSSP-
RCP�gemission�gscenario�gis�gselected�gbased�gon�gthe�gprinciple �gthat �gthe�glowest�g
available�gemission�gscenario�gis�gused.�gThis�gresults�gin�g26�gclimate�gmodel�g
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Fig.�g1.�g(a)�gSchema�gof�gthe�gclimate�gscenarios�gchain�gfor�gSwiss�gcities�gusing�g(direct �gor�gindirect) �gquantile �gmapping�gapproach.�g(b)�gZoom�gof�gthe�gpattern�gscaling�gfor�gurban�g
stations�gand�gtwo �gapproaches�gto�gexamine�gthe�gurban�gheat�gexposure�gusing�gthe�gclimatology �g(mean�gheat�gindices�gbased�gon�gthe�g30-years�gperiods)�gand�gone�glow-likelihood �g
high-impact �gevent�g(worst-case�gscenario).

simulations�gfor �gtwo �gclimate�gensembles�gGWL1.5�gand�gGWL2.0,�gand�g24�g
for �gGWL3.0�g(see�gA�gand�g[ 28] �gfor �gfurther �gdetails).�gThe�gsmaller�gensemble�g
for �gthe�ghighest�gGWL�gis�gdue�gto�gthe�gfact�gthat �gsome�gclimate�gmodels�gwill �g
not�greach�ga�gglobal�gwarming �glevel�gof�g3.0�g◦C�gby�gthe�gend�gof�gthis�gcentury�g
(i.e.,�gwithin �gthe�gmodel�gsimulation �gperiod). �gClimate�gchanges�gare�gnext�g
reported�gwith �grespect�gto�gthe�greference�gperiod�gof�gClimate�gCH2025,�gwhich �g
is�g1991�2020.

2.1.4.�gTwo-step�gquantile�gmapping�gfor�gurban�gsites
Quantile�gmapping�g(QM)�gis�ga�gstatistical�gapproach�gthat �gcan�gbe�gused�gto�g

downscale�gand�gbias-correct�gsimulations�gfrom �gglobal�g(GCM)�gand�gregional�g
(RCM)�gclimate�gmodels�gto�ga�glocal�gscale�g(here,�gSwitzerland) �g[ 41]. �gIn�gCli-
mate�gCH2025,�gQM�ghas�gbeen�gapplied�gto�gprovide �gclimate�gsimulations�gat�ga�g
localized�gscale�gfor �gstations�g(DAILY-LOCAL)�gor�ggrids�g(DAILY-GRIDDED),�g
as�gshown�gin�gFig.�g�g1.�gFor�gthis�gpost-processing�gstep,�ga�gcertain�glength�gof�gdata�g
records�gis�grequired�gto�grobustly �gestablish�ga�gcorrection �gfunction �gbetween�g
coarse-resolved�gclimate�gmodel�goutput �gand�glocal�gstation�gmeasurements�g
or�ga�ghigh-resolution �gobservational�ggrid. �gWithin �gthe�gClimate�gCH2025�g
framework, �ga�gmeteorological�gstation�gmust�ghave�gat�gleast�g25�gyears�gof�gdata�g
records�gover�ga�g30-year�greference�gperiod�gto�gbe�gincluded �gin�gthe�gDAILY-
LOCAL�gstation�gset�g[ 28]. �gThe�gQM�gused�gin�gClimate�gCH2025�gis�gunivariate, �g
i.e.,�git �gis�gapplied�gvariable-wise.�gThis�gmeans�gthat �gone�gstation�gmay�gmeet�g
the�grequired�glength�gof�grecords�gfor �gQM�gfor �gone�gvariable,�gbut�gnot�gfor �g
another.

The�gDAILY-LOCAL�gstation�gset�gconsists�gof�gregular�gautomatic �gstations�g
operated�gby�gMeteoSwiss,�gas�gpart�gof�gthe�gnational �gweather�gservice�g(Swiss-
MetNet).�gAir �gtemperature�gis�gmeasured�gat�ga�gheight�gof�g2�gmetre�gabove�gthe�g
ground�gusing�ga�gThygan�ginstrument �g[ 42]. �gThese�gstations�gtherefore�gcom-
ply �gwith �gthe�gstandards�gof�gWorld �gMeteorological �gOrganization�g(WMO)�g
and�gmust�gbe�grepresentative�gfor �ga�glarger�gregion�gwithout �gbeing�ginfluenced�g
by�glocal�gconditions. �gThese�gare�gtherefore�gusually�glocated�goutside�gof�gthe�g
city �gcentre�gin�gcity �gsurroundings�g(green�gzones�gor�gless�gurbanized�gareas),�g
called�ghere�gas�grural �gstations.�gHowever,�gthere�gexist�gstations�glocated�gin�g
the�gcity �gcentres�gthat �gare�goperated�gby�gpartners�g(cities,�ginstitutes, �gand�g

universities). �gThese�gstations�ghave�gmuch�gshorter�grecords�g(usually �gmuch�g
shorter�gthan�g25�gyears),�gwhich �gis�gwhy �gdirect �gQM�gis�gnot�gpossible.�gInstead,�g
indirect �gQM�g(i.e.,�gtwo-step�gQM�gor�gpattern�gscaling�gQM)�gcan�gbe�gapplied�g
(Fig.�g�g1b)�gwhich �gemploys�ga�gstatistical�gtransfer�gfunction �gto�gaccount�gfor �g
systematic�gdifferences�gbetween�gtwo �gstations�g(here,�grural �gand�gurban).�gIn�g
the�gfirst �gstep�gof�gthis�gindirect �gQM,�gQM�gis�gapplied�gto�ga�gregular�gMeteoSwiss�g
station�g(referred�gto�gas�ga�grural �gstation). �gThis�gis�gequivalent�gto�gdownscaling�g
regional�gclimate�ginformation �gto�ga�glocal�gsite�g(here,�gstation) �gby�gbias-
correcting�gfor �gsystematic�gerrors,�gin�gorder�gto�gbetter�grepresent�gthe�gsite's�g
specific�gclimate.�gAt�gthis�gstep�ga�g(linear) �gstatistical�gdistribution-based �g
transfer�gfunction �gis�gestablished.�gIn�gthe�gsecond�gstep�gof�gthe�gindirect �gQM,�g
the�gquantile-mapped�gsimulations�gfrom �gthe�grural �gstation�gare�gspatially �g
transferred�gto�ga�gstation�gin�gthe�gcity �gcentre�g[ 41]. �gDuring �gthis�gprocess,�gyet�g
another�gQM�gtransfer�gfunction �gis�gestablished�gthat �glinks �gclimate�gvariables�g
at�gurban�gto�grural �gstations�gduring �gthe�goverlapping �gobservation�gperiod.�g
This�gtransfer�gfunction �gcan�gthen�gbe�gused�gto�gtransfer�gsimulations�gfrom �gthe�g
rural �gto�gthe�gurban�gstation�goutside�gthe�gobservation�gperiod,�gfor �gexample,�g
to�gtransfer�gfuture �gclimate�gscenarios.�gThis�gtwo-step�gQM�ghas�galready�g
been�gsuccessfully�gapplied�gand�gverified �gusing�gthe�gprevious�gSwiss�gclimate�g
scenarios�gCH2018�g[ 43]. �gThat�gstudy�ghas�galso�gshown�gthat, �gat�gbest,�gseven�g
to�geight�gyears�gof�goverlapping �gobservations�gfrom �gboth�grural �gand�gurban�g
stations�gare�grequired�gfor �greliable �gcalibration �gof�ga�gtransfer�gfunction. �gAt�g
the�gtime �gof�ggenerating�gClimate�gCH2025,�gthis�gcondition �gwas�gonly �gmet�g
for �gfive�gSwiss�gcities,�gpresented�gin�gSection�g2.2.�gIn�gthe�gpresent�gstudy,�gthe�g
two-step�gQM�ghas�gbeen�gperformed�gusing�gthe�gR-package�gqmCH2018�g[ 44] �g
with �ga�glinear �gtransfer�gfunction �gthat �gis�gestablished�gbetween�gthe�g99th �g
empirical �gpercentiles�gof�gthe�gobserved�gand�gthe�gtarget�g(simulated) �gdis-
tributions. �gThis�gtransfer�gfunction �gis�gestablished�gfor �geach�gday�gof�gthe�gyear�g
individually, �gusing�ga�gmoving �gwindow �gof�g45�gdays�gbefore�gand�gafter�gthe�g
target�gday.

2.2.�gStudied�gcities

Urban�gclimate�gscenarios�gare�gdeveloped�gfor �gfive�gSwiss�gcities:�gBasel,�g
Bern,�gGeneva,�gLausanne�gand�gZurich �g(Fig.�g�g2).�gAmong�gthe�gfive�gcities�g

City and Environment Interactions 30 (2026) 100385 

�� 



A.E.�gSenoner�get�gal.

Fig.�g2.�gFive�gSwiss�gcities�gfor�gwhich �gurban�gclimate�gscenarios�ghave�gbeen�gdeveloped.

studied,�gBasel�gand�gits�gtwo �gstations�gare�glocated�gat�gthe�glowest�galtitude �g
(285�gto�g316�gm.�ga.s.l.),�gwhile �gBern�gand�gits�gtwo �gstations�ghave�gthe�ghighest�g
altitude �g(536�gto�g553�gm.�ga.s.l.).�gZurich �gis�gthe�glargest�gcity �gby�garea�g(87.93�g
km2),�gwhile �gGeneva�gis�gthe�gsmallest�gone�g(15.96�gkm2).�gHowever,�gGeneva�g
is�gthe�gmost�gdensely�gpopulated�gcity �g(13099.1�ginhabitants �gper�g1�gkm2),�g
followed �gby�gBasel�g(7445.3�ginhabitants �gper�g1�gkm2),�gZurich �g(4964.8�g
inhabitants �gper�g1�gkm2),�gand�gLausanne�g(3501.9�ginhabitants �gper�g1�gkm2),�g
while �gBern�gis�gthe�gleast�gdense�gone�g(2673.3�ginhabitants �gper�g1�gkm2)�g[ 45]. �g
In�geach�gof�gthese�gcities,�gtwo �gstations�gwere�gavailable�gfor �gthe�gstudy:�grural �g
operated�gby�gMeteoSwiss�gand�gurban�goperated�gby�gpartner�ginstitutions. �gFor�g
further �gdetails�gon�grural�urban �gstation�gpairs,�gsee�gTable�g�g1.

For�gthree�gcities�g(Basel,�gBern,�gand�gGeneva),�gwe�gapply�gthe�gtwo-step�g
QM�g(see�gSection�g2.1.4)�gto�gtransfer�gclimate�gsimulations�gof�gRCM-GCM�g
pairs�gfrom �grural �gto�gurban�gstations�gwith �gshort�gdata�grecords.�gIn�gtwo �gother�g
cities�g(Lausanne�gand�gZurich), �gdirect �gQM�gcan�gbe�gimplemented�ginstead,�gas�g
the�gdata�gcontains�gat�gleast�g25�gyears�gof�gobservations.�gAll �gof�gthese�gstations�g
have�gdata�gof�gthree�gtemperature�gvariables�g(daily �gmean,�gmaximum, �gand�g
minimum �gtemperature),�gwhich �gwere�gindividually �gquantile �gmapped�g[ 28] �g
using�gthe�gR-package�g̀̀qmCH2018''�g[ 44]. �gAdditionally, �gfor �gstations�gwith �g
an�gobservation�gperiod�gshorter�gthan�gthe�greference�gperiod�gof�g1991�2020, �g
we�gapplied�gthe�gtwo-step�gQM�gbackward�gto�gsimulate�gthe�gentire�greference�g
period�g1991�2020. �gFor�gthe�grural �gcounterparts�gof�gthese�gfive�gstations,�g
climate�gscenarios�gare�gavailable�gfrom �gdirect �gQM,�gbeing�gpart�gof�gClimate
CH2025�g[ 35].

It �gis�gimportant �gto�ghighlight �gthat �gthree�gout�gof�gthe�gfive�gurban�gstations�g
(Basel/Klingelbergstrasse,�gBern/Bollwerk, �gand�gGeneva/Prairie) �gused�gin�g
this�gstudy�gare�glocated�gon�grooftops.�gDepending�gon�gthe�gtype�gof�groof�gand�g
its�gheight,�gsuch�grooftop �gstations�gmay�gmeasure�ga�ghigher�gor�ga�glower �gdaily �g
maximum �gand�gminimum �gtemperature.�gAs�gthe�gurban�gstations�gin�gour�g
study�gare�glocated�gon�grelatively �ghigh�grooftops,�gthey�gmay�gbe�gexposed�gto�ga�g
relatively �glower �gTmax�gthan�ga�gstandard�gnear-surface�g(2�gm)�gtemperature�g
station�g[ 46]. �gConsequently,�gthe�gsimulated�gTmax�gat�gthese�gthree�gurban�g
stations�gmay�gnot�gaccurately�greflect�gthe�gdifference�gin�gdaytime�gmaximum �g
temperatures�gbetween�grural �gand�gurban�gstations,�gand�gsimulations�gbased�g
on�gthis�gvariable�gshould�gbe�gtreated�gwith �gcaution.�gThis�gissue�gis�gdiscussed�g
in�gdetail �gin�gSection�g4.1.�gAdditionally, �gthere�gis�gno�gexplicit �gcorrection �g
for �galtitude �gdifferences�gbetween�gthe�gstations.�gThis�gis�gonly �gimplicitly �g
accounted�gfor �gby�gscaling�gthe�gpattern�gfrom �grural �gto�gurban�gstations.

2.3.�gExposure�gto�gheat

2.3.1.�gHeat�gindices
To�gevaluate�gheat�gexposure�gin�gcurrent �gand�gfuture �gclimates,�gdifferent �g

temperature-based�gheat�gindices�gwere�gselected�g(see�gTable�g�g2).�gThese�g
indices�gare�gcalculated�geither�gfrom �gTmin, �gTmax�gor�gTmean,�gand�gthus�gthey�g
address�gthe�gexposure�gto�gheat�gduring �gday-�gand�gnighttime. �gHot�gand�gvery�g
hot�gdays�gtogether�gwith �gthe�gwarmest�gday�gof�gthe�gsummer�greflect�gextreme�g
heat�gduring �gdaytime,�gwhile �gtropical �gnights�gtogether�gwith �gthe�gwarmest�g
night �gof�gthe�gsummer�gare�gindicators �gof�gthe�gintense�gheat�gduring �gthe�gnight.

All �gof�gthese�gindices�ghave�gbeen�gcalculated�gfor �gboth�gthe�gcurrent �gclimate�g
(1991�2020), �gand�gfor �gthe�gfuture �gGWLs.�gBy�gcomparing�gthe�gprojections�g
of�grural �gand�gurban�gstations�gwithin �gthe�gsame�gcity, �gwe�gcan�ginvestigate�gthe�g
difference�gin�gthe�gcity �gof�gheat�gexposure.

2.3.2.�gHeat�gwarning�gconcept
A�ggood�goverall �gpredictor �gof�gheat�gexposure�gis�gdaily �gmean�gtemper-

ature�g(Tmean)�gthat �gaccounts�gfor �gboth�ghigh�gdaytime�gand�gnight-time �g
temperatures.�gSeveral�gstudies�ghave�gshown�gthat �gwhen�git �gcomes�gto�gheat-
related�gmortality, �gthe�gair�gtemperature�gis�gthe�gbest�gpredictor �gas�git �gis�g
highly �gcorrelated�gwith �gthe�gmortality �grate�g[ 7,13,47]. �gThese�gexposure-
response�gfunctions�gare�glocation-specific.�gAlso,�gthe�gSwiss�gTropical �gand�g
Public�gHealth�gInstitute �g[ 24] �ghas�gshown�gthat �gthere�gis�ga�gstrong�gcorrelation �g
between�gTmean�gand�gmortality �gin�gSwiss�gclimatic �gconditions, �gwhereas�g
humidity �gplays�ga�gmuch�gsmaller�grole.�gTherefore,�gin�g2021�gMeteoSwiss�g
has�gupdated�gits�gheat�gwarning �gconcept�gfrom �g2005,�gwhich �gwas�gbased�gon�g
air�gtemperature�gand�ghumidity �gcoupled�ginto �gheat�gindex�g(HI), �gand�ghas�g
currently �gbased�git �gsolely�gon�gTmean�g[ 25,26]. �gBased�gon�gfixed�gtemperature�g
thresholds,�gheat�gwarning �g(HW) �gdays�gof�gdifferent �glevels�gare�gdefined�g
and�gissued�gto�ginform �gthe�gpublic �gabout�gthe�gextent�gof�ga�gpossible�grisk�g
of�gheat�gexposure.�gWarnings�gare�gissued�gfrom �glevel�g2�gonwards,�gwhen�g
Tmean�gis�gforecasted�gto�gexceed�gthe�gthreshold�gof�g25�g◦C�gon�ga�gsingle�gday.�g
If �gthe�gthreshold�gof�g25�g◦C�gis�gforecasted�gto�gbe�gexceeded�gfor �gat�gleast�gthree�g
consecutive�gdays,�gwarning �gwith �glevel�g3�gis�gissued.�gIs�gthe�gthreshold�gof�g
27�g◦C�gmodelled�gto�gbe�gexceeded�gfor �gat�gleast�gthree�gconsecutive�gdays,�g
level�g4�gis�gissued�g(see�gTable�g�g2).�gAlthough �gthere�gare�gusually�gfive�ghazard�g
warning �glevels,�gthe�ghighest�glevel�gof�gheat�gwarning �gcurrently �gdefined�gby�g
the�gthreshold�gis�glevel�g4.�gNote�gthat �gthe�gsame�gtemperature�gthresholds�g
are�gused�gfor �gthe�gentire�gcountry, �gwhile �gwarnings�gare�gissued�gfor �gentire�g
warning �gregions�gand�gnot�gfor �gindividual �gsites�gwithin �gthe�gsame�gcity.

Based�gon�gthis�gheat�gwarning �gconcept,�ga�gheatwave�gis�gdefined�gif �gthe�g
heat�gwarning �glevel�g3�gor�ghigher�gis�gissued.�gSuch�gperiods�gpose�ga�gparticu-
larly �ghigh�grisk�gto�ghuman�ghealth�gas�gthey�gare�gassociated�gwith �ghigh�gdaytime�g
but�galso�ghigh�gnight-time �gtemperatures�gfor �gat�gleast�gtwo �gconsecutive�g
nights.�gShort�ghot�gperiods�g(with �gTmean�g≥�g25�g◦C)�glasting�gone�gor�gtwo �g
days,�gi.e.,�gcorresponding�gto�gthe�gheat�gwarning �glevel�g2,�gare�gclassified�gas�g
hot�gspells.

Similarly, �gdays�gwith �ga�gtheoretical �gheat�gwarning �gcan�gbe�gprojected�g
for �gfuture �gclimates�gby�gcalculating �gthe�gnumber�gof�gdays�gon�gwhich �gthe�g
respective�gthresholds�gare�greached�gor�gexceeded.�gNote�gthat �gheat�gwarnings�g
have�gbeen�gdeveloped�gbased�gon�gthe�gcurrent �gclimate�gconditions. �gAs�gthey�g
only �gprovide �gcategorized�gvalues,�gthey�gmay�gnot�gfully �gdescribe�gfuture �gheat�g
conditions�gin�ga�gwarmer�gclimate.�gTherefore,�gin�gaddition �gto�gheat�gwarning �g
days,�gwe�galso�gcalculate�gthe�gmean�gmaximum �glength�gof�gheatwaves�gwith �g
level�g3�gand�g4,�gas�gwell �gas�gthe�gcount�gof�gheatwave�goccurrence�gper�gyear,�g
in�gthe�gcurrent �gand�gfuture �gclimate.�gThis�genables�gus�gto�gquantify �gthe�g
frequency�gand�gintensity �gof�gfuture �gheatwaves�gin�gSwiss�gcities�gand�gthus�g
to�gbetter�gcharacterize�gheat�gexposure�gin�ga�gwarming �gclimate.
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Table �g1
Counterpart�gstations�gin�gfive�gSwiss�gcities.

�gCity Station ID Name Elevation Device�glocation Local�gClimate Record�g
�g type (m.�ga.s.l.) above�gground Zonea sinceb �g
�g

Basel
rural BAS Binningen 316 2�gm 9D �g

�g urban BKLI Klingelbergstrasse 285 roof�g(í 38�gm) 2E 2003 �g
�g

Bern
rural BER Zollikofen 553 2�gm D �g

�g urban NABBER Bollwerk 536 roof�g(í 25�gm) 5E 2001 �g
�g

Geneva
rural GVE Cointrin 412 2�gm 9D �g

�g urban PRAIRIE Prairie 420 roof�g(í 24�gm) 2E 2010 �g
�g

Lausanne
rural PUY Pully 456 2�gm 6D �g

�g urban NABLAU Cesar-Roux 530 2�gm 5E 1991 �g
�g

Zurich
rural SMA Fluntern 556 2�gm 6B �g

�g urban NABZUE Kaserne 409 2�gm 5D 1991 �g
a�gLCZ�g-�glocal�gclimate�gzone�gaccording�gto�g[ 5], �gand�gidentified �gfor�gstudied�gstations�gafter�g[ 46] �gand�g[ 43]: �gD�g-�glow �gplants;�g2E�g-�gcompact�gmidrise,�gpaved;�g5D�g-�gopen�gmidrise,�glow �gplants;�g
5E�g-�gopen�gmidrise,�gpaved;�g6B�g-�gopen�glowrise,�gscattered�gtrees;�g6D�g-�gopen�glowrise,�glow �gplants;�g9D�g-�gsparsely�gbuilt, �glow �gplants.
b�gAll �grural �gstations�ghave�grecords�gdating�gback�gto�gbefore�g1991.

Table �g2
Heat�gindices�gused�gin�gthe�gstudy.

�gAbbr. Name Unit Significance �g
�gBased�gon�gdaily�gmaximum�gtemperature�g(Tmax)

�gTXx Warmest�gday�gof�gthe�gyear ◦C Daily�gmaximum�gtemperature�gof�gthe�gwarmest�gday�gin�gsummer �g
�gHD Hot�gdays Days/year Number�gof�gdays�gwith �gTmax�g>= �g30�g◦C �g
�gVHD Very�ghot�gdays Days/year Number�gof�gdays�gwith �gTmax�g>= �g35�g◦C �g
�gBased�gon�gdaily�gminimum�gtemperature�g(Tmin)

�gTNx Warmest�gnight �gof�gthe�gyear ◦C Daily�gminimum �gtemperature�gof�gthe�gwarmest�gnight �gin�gsummer �g
�gTN Tropical�gnights Days/year Number�gof�gdays�gwith �gTmin�g>= �g20�g◦C �g
�gBased�gon�gdaily�gmean�gtemperature�g(Tmean)

�gHW2 Heat�gwarning �gdays�g(level�g2) Days/year Number�gof�gdays�gwith �gTmean�g>= �g25�g◦C �g
�gHW3 Heat�gwarning �gdays�g(level�g3) Days/year Number�gof�gdays�gwith �gTmean�g>= �g25�g◦C�gfor�gat�gleast�g3�gconsecutive�gdays�gor�gmore�g
�gHW4 Heat�gwarning �gdays�g(level�g4) Days/year Number�gof�gdays�gwith �gTmean�g>= �g27�g◦C�gfor�gat�gleast�g3�gconsecutive�gdays�gor�gmore�g
�gLHW3 Longest�gheat�gwave�gHW3 Days Duration �gof�gthe�glongest�gheat�gwave�gperiod�gwith �gHW3 �g
�gLHW4 Longest�gheat�gwave�gHW4 Days Duration �gof�gthe�glongest�gheat�gwave�gperiod�gwith �gHW4 �g
�gHW3C Heat�gwave�gcount�g(HW3) Waves/year Count�gof�gthe�gheat�gwaves�gHW3 �g
�gHW4C Heat�gwave�gcount�g(HW4) Waves/year Count�gof�gthe�gheat�gwaves�gHW4 �g
�gW7d Warmest�gseven-day�gperiod ◦C Seven-day�gperiod�gwith �gthe�ghighest�gseven-day�gmean�gof�gTmean �g

2.4.�gWorst-case�gscenario:�gthe�gwarmest�gweek�gof�gthe�gwarmest�gsummer

2.4.1.�gDefinition�gof�gthe�gworst-case�gscenario
Heat�gindices�gprovide �gan�gindication �gof�gthe�gaverage�gclimatic �gcon-

ditions �gthat �gcan�gbe�gexpected�gduring �gcurrent �gor�gfuture �gsummers.�gIn�g
terms�gof�gheat-related�gimpacts,�git �gis�galso�gimportant �gto�gconsider�gextreme�g
events,�gi.e.,�gepisodes�gwith �ga�glow �glikelihood �gbut�ga�ghigh�gimpact,�gsuch�gas�g
prolonged�gheatwaves.�gSuch�ghigh-impact �gheat�gevents�gusually�gcause�gthe�g
most�gdeaths�g[ 48]. �gIn�gthis�gstudy,�gwe�gdefine�gsuch�gan�gextreme�gevent�gas�gthe�g
warmest�gseven-day�gperiod�g(sect.�g2.4.3)�gin�gthe�gwarmest�gsummer�g(sect.�g
2.4.2)�gof�ga�g30-year�gperiod�gbased�gon�gthe�ghighest�gTmean�gover�gseven�gdays�g
(W7d,�gsee�galso�gTable�g�g2).�gThis�gseven-day�gperiod�g(``week'')�grepresents�g
the�g̀̀worst�gcase�gscenario''�gthat �gcould�gbe�gexpected�gin�ga�gwarmer�gworld �g
at�geach�gof�gthe�gthree�gGWLs.�gThis�gwarmest�g̀̀week''�gof�gthe�gyear�gis�gan�g
important �gindicator �gof�gthe�gpotential �grisk�gto�gthe�gpublic �ghealth�gsystems�g
due�gto�gheat-related�ghealth�geffects,�gsuch�gas�gshortages�gof�ghospital�gbeds�g
or�gan�gexceptional�gdemand�gfor �glife-saving�gmedical�gequipment�g(such�gas�g
renal�gor�grespiratory). �gTherefore,�gwe�gfocus�ghere�gon�gthe�gepisodes�gwith �g
the�ggreatest�gspatial�gimpact,�gi.e.,�gthe�gwarmest�gseven-day�gperiod�gacross�g
all �gfive�gSwiss�gcities.

2.4.2.�gIdentification�gof�gthe�gwarmest�gsummer
First,�gwe�gidentify �gthe�gwarmest�gsummers�gby�gadopting�gan�gapproach�g

based�gon�gthe�gSwiss�gMean�gSummer�gTemperature�g(SMST)�g[ 49]. �gSMST�g
is�gcalculated�gas�gthe�gTmean�gspatially �gaveraged�gover�gthe�gentire�gcountry �g
and�gtemporally �gaveraged�gover�gthe�gsummer�gmonths�g(June,�gJuly �gand�g
August),�gusing�gthe�gDAILY-GRIDDED�gproduct �gof�gClimate�gCH2025�g[ 35]. �g
Next,�gwe�gcalculate�gthe�ganomaly�gand�gthe�gstandardized�ganomaly�gfor �g
each�gsummer�gin�greference�gto�gthe�gmean�gSMST�gof�gthe�grespective�g30-year�g
period.�gFor�gthe�greference�gperiod,�gthese�gare�gsimply �gthe�gyears�g1991�2020. �g

For�gfuture �gclimate�gscenarios,�ganomalies�gare�gcalculated�gfor �geach�gGWL�g
slice�gwith �greference�gto�gits�gmean�gSMST�gvalue.�gFor�gfuture �gsimulations,�gthe�g
anomalies�gare�gcalculated�gindividually �gfor �geach�gclimate�gmodel,�gresulting �g
in�g26�g(respectively�g24)�gdifferent �grealizations�gof�g30�gSMST�gvalues�g(one�g
per�geach�gsimulation �gsummer/climate �gmodel).�gNext,�gfor �geach�gGWL�gand�g
each�gclimate�gmodel,�gthe�gsummer�gwith �gthe�ghighest�gvalue�gdetermined�g
by�gthe�gstandardized�ganomaly�gis�gidentified �gas�gthe�gwarmest�gof�gthe�ggiven�g
period�gand�ga�ggiven�gmodel.�gAs�ga�gresult,�g26�gdifferent �grealizations�gof�gthe�g
warmest�gsummers�gare�gsimulated�gfor �gboth�gGWL1.5�gand�gGWL2.0,�gand�g24�g
for �gGWL3.0.

2.4.3.�gIdentification�gof�gthe�gwarmest�gweek
In�gthe�gnext�gstep,�gthe�grunning �gmean�gof�gTmean�gover�gseven�gdays�gis�g

analysed�gat�gfive�grural �gstations�gfor �geach�gselected�gwarmest�gsummer,�gto�g
identify �gthe�gwarmest�gseven-day�gperiod�g(W7d).�gOnly�gthe�gmean�gfrom �g
the�grural �gstations�gis�gused�ghere,�gsince�gthe�gtemporal�gpatterns�gfrom �gthe�g
rural �gstations�gare�gpreserved�gin�gthe�gurban�gstations�gthrough �gapplication �g
of�gQM.�gNext,�gthe�gseven-day�gperiod�gwith �gthe�ghighest�gseven-day�grunning �g
mean�gof�gTmean�gaveraged�gover�gfive�gcities�gis�gselected�gas�gthe�gwarmest�g
week�g(W7d,�gsee�galso�gFig.�g�g1b)�gon�ga�gmodel-by-model�gbasis�gfor �geach�g
GWL,�gresulting �gin�g26�g(respectively�g24)�gdifferent �grealizations.�gNote�gthat �g
we�gaim�ghere�gat�gselecting�gthe�gwarmest�gseven-day�gperiod,�gwhich �gdoes�g
not�gnecessarily�ginclude�gthe�gwarmest�gsummer�gday.�gOf�gall �gthe�gwarmest�g
seven-day�gperiods�gselected�gper�gmodel,�gwe�gchoose�gthe�gone�gwith �gthe�g
highest�gvalue�gof�gW7d�gas�gthe�gworst-case�g(warmest)�gscenario�gfor �geach�g
of�gthe�gthree�gGWLs�gconsidered�ghere.�gNext,�gwe�gevaluate�gthe�gseverity�gand�g
impact�gof�gthese�gwarmest�gseven-day�gperiods�gby�gexamining�ghow�gthese�g
heatwaves�gdevelop�gduring �gthe�gwarmest�gseven-day�gperiod�gand�gduring �g
seven�gdays�gbefore�gand�gafter�gthese�gwarmest�gperiods.�gIn�gaddition, �gwe�g
examine�grural�urban �gand�gcity-by-city �grelationships�gduring �gsuch�gextreme�g
events.
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Fig.�g3.�gThe�gwarmest�gday�g(TXx)�gand�gnight �g(TNx)�gof�gthe�gsummer�g(June-August)�gin�gthe�gcurrent�gclimate�g(1991�2020) �gand�gin�gthe�gfuture �gclimate�gat�gthree�gglobal�g
warming �glevels:�gGWL1.5,�gGWL2.0�gand�gGWL3.0�gin�gfive�gSwiss�gcities.�gTemperatures�gare�gshown�gfor�grural �g(dashed�gboxes)�gand�gurban�g(filled �gboxes)�gcounterpart �gstations�g
in�gthe�gsame�gcity. �gThe�gboxes�gshow�gthe�gmean�gtemperature�gover�g30-year�gperiods�g(1991�2020 �gor�gGWL�gslices),�gas�gwell �gas�gthe�g90%-quantile�grange�gof�gthe�gclimate�gmodel�g
ensemble.

2.4.4.�gValidation�gof�gthe�gworst-case�gapproach
We�gvalidate �gthis�gworst-case�gapproach�gin�gthe�greference�gperiod�g(1991�

2020),�gfor �gwhich �gboth�gobservations�gand�gmodel�gsimulations�gare�gavail-
able.�gSpecifically,�gwe�ganalyse�ghow�gwell �gthe�gquantile-mapped�gclimate�g
models�gcan�grepresent�gthe�gextremely�ghot�gsummers�gobserved�gduring �gthis�g
period.�gTo�gthis�gend,�gwe�gcalculate�gthe�ganomalies�gand�gthe�gstandardized�g
anomalies�gof�gthe�gSMST�gfor �gthe�gclimate�gmodels�gin�gthe�greference�gperiod,�g
and�gcompare�gthese�gvalues�gwith �gthose�gcalculated�gfrom �gthe�gobservations.�g
We�gfocus�gparticularly �gon�gthe�gsummers�gof�g2003�gand�g2018,�gwhich �gex-
perienced�gexceptionally �ghigh�gtemperatures.�gNote�gthat �git �gis�gnot�gpossible�g
to�gmake�ga�gdirect �gyear-by-year�gcomparison,�gsince�gclimate�gsimulations�g
represent�gfree�gruns�gof�gclimate�gmodels,�gmeaning�gthat �gthe�gsimulation �g
years�gdo�gnot�gdirectly �gcorrespond�gto�gthe�gobservation�gyears.

3.�gResults

The�gexposure�gto�gheat�gbased�gon�gclimate�gindices�gis�gpresented�gin�gSec-
tion �g3.1�gfor �gthe�gcurrent �gclimate�g(1991�2020) �gand�gfor �gthree�gGWLs.�gIt �gis�g
demonstrated�ghow�ga�gtypical �gsummer�gmight �glook�glike �gin�ga�gwarmer�gworld. �g
These�gindices�gare�gprojected�gas�g30-year�gmeans�gof�gthe�gindividual �gyear's�g
maxima�gfor �geach�gGWL,�gthus�gillustrating �gthe�gexpected�gfuture �gclimate�g
at�geach�gGWL.�gBy�gcontrast,�gSection�g3.2�gillustrates �gwhat �glow-likelihood �g
high-impact �gevents,�gsuch�gas�gthe�gwarmest�gweek�gof�gthe�gwarmest�gsummer,�g
could�gentail �gin�ga�gwarmer�gworld. �gThese�gworst-case�gscenarios�gillustrate �g
one�gpossible�gevent�g(most�gextreme)�gthat �gcould�goccur�gat�geach�gGWL.�gAll �g
changes�gin�gclimate�gindices�gare�greported�grelative �gto�gthe�gcurrent �gclimate�g
(1991�2020).

3.1.�gCity�gclimate:�gnow�gand�gin�ga�gwarmer�gworld

3.1.1.�gWarmest�gday�gand�gnight
The�gheat�gindices�gcalculated�gfor �gthe�gcurrent �gand�gfuture �gclimates�gunder�g

three�gGWLs�gare�gpresented�gin�gFigs.�g�g3� 5�gfor �gthe�gurban-rural �gstation�gpairs�g
in�gfive�gSwiss�gcities.�gFirst,�gwe�gfound�gthat �gthe�gwarmest�gday�gand�gnight �gwill �g
become�ghotter �gin�gall �gfive�gcities�gin�gthe�gfuture �gsummers�gunder�gall �gthree�g
GWLs�g(Fig.�g�g3).�gFor�gexample,�gin�gthe�gcurrent �gclimate,�gthe�gmaximum �gtem-
perature�gon�gthe�gwarmest�gday�gof�gthe�gsummer�g(TXx)�greaches�g34.7�g◦C�gin�g
the�gZurich' �gcity �gcentre�g(urban�gstation), �gwhile �gthe�gminimum �gtemperature�g
on�gthe�gwarmest�gnight �gof�gthe�gsummer�g(TNx)�gdrops�gto�g22.0�g◦C�gat�gthe�gsame�g
station.�gThese�gare�gboth�gthe�g30-year�gaverages�gfor �gthe�greference�gperiod�g
of�g1991�2020. �gAt�gthe�grural �gstation,�gthese�gvalues�gare�gequal�gto�g32.9�g◦C�g
(TXx)�gand�g19.6�g◦C�g(TNx).�gAt�gGWL1.5,�gthe�gmaximum �gtemperature�gon�gthe�g
warmest�gsummer�gday�gis�gprojected�gto�greach�g35.9�g◦C�g(TXx)�gon�gaverage�gin�g
Zurich's�gcity �gcentre,�gwhile �gthe�gminimum �gtemperature�gon�gthe�gwarmest�g

night �gwill �gnot�gdrop�gbelow�g23.2�g◦C�g(TNx).�gThese�gvalues�gare�gprojected�g
to�gbe�geven�ghigher�gat�gGWL3.0:�g38.6�g◦C�gfor �gTXx�gand�g25.6�g◦C�gfor �gTNx.�g
Temperatures�gat�gthe�grural �gcounterpart �gstation�gare�gexpected�gto�gremain�g
approximately �gtwo �gdegrees�glower, �greaching�g34.1�g◦C�g(TXx)�gand�g20.7�g◦C�g
(TNx)�gat�gGWL1.5,�gand�g36.6�g◦C�g(TXx)�gand�g23.2�g◦C�g(TNx)�gat�gGWL3.0.

Similar �gpatterns�gare�gprojected�gfor �gTNx�gin�gother�gfour �gcities.�gTNx�g
will �gnot�gdrop�gbelow�g22.7�g◦C�g(GWL1.5)�gor�g25�g◦C�g(GWL3.0)�gin�gany�g
of�gthe�gfour �gcities�gapart�gfrom �gBern,�gwhen�gtemperatures�gstill �gcool�gto�g
21.2�g◦C�g(GWL1.5)�gor�g23.4�g◦C�g(GWL3.0)�gat�gnight �gon�gaverage.�gAt�gGWL3.0,�g
the�ghighest�gnighttime �gtemperatures�gare�gexpected�gin�gGeneva�g(26.5�g◦C),�g
Lausanne�g(26.2�g◦C),�gand�gZurich �g(25.6�g◦C)�gon�gaverage.�gBy�gcontrast,�gTNx�g
below�g25�g◦C�gare�gexpected�gat�gall �gfive�grural �gstations�gat�gthe�gsame�gGWL3.0,�g
and�gbelow�g22.◦C�gat�gGWL1.5�gin�gfour �gcities�g(except�gin�gLausanne,�gwhere�g
nighttime �gtemperatures�gmay�greach�g22.4�g◦C).

Regarding�gdaytime�gtemperatures,�ga�gsimilar �gpattern,�gwith �ghigher�g
temperatures�gin�gurban�gthan�gin�grural �glocations,�gcan�gbe�gobserved�gin�g
Lausanne�gand�gZurich, �gand�gto�ga�glesser�gextent�gin�gBern.�gIn�gthe�gother�gtwo �g
cities�g(Basel�gand�gGeneva),�gthe�gopposite�gpattern�gis�gvisible, �gwith �gsimilar �gor�g
even�gslightly �ghigher�gTXx�gvalues�gat�grural �gstations.�gThis�gcan�gbe�gexplained�g
by�gthe�groof�glocation �gof�gurban�gstations�gin�gthese�gcities�g(see�gSection�g2.2)�g
and�gis�gfurther �gdiscussed�gin�gsect.�g4.1.�gNevertheless,�gthe�gTXx�gis�gprojected�g
to�gexceed�g34.7�g◦C�g(GWL1.5)�gand�g37.3�g◦C�g(GWL3.0)�gon�gaverage�gin�gthe�g
centre�gof�gall �gfive�gcities,�gwhile �gin�gthe�goutskirts �git �gwill �gremain�gat�g33.3�g◦C�g
(GWL1.5)�gand�g36.0�g◦C�g(GWL3.0).

3.1.2.�gDaytime�gheat
Due�gto�grising �gdaytime�gtemperatures�gin�gfuture �gsummers,�gthe�gnumber�g

of�ghot�g(HD)�gand�gvery�ghot�gdays�g(VHD)�gis�gprojected�gto�gincrease�gat�gall �g
three�gGWLs�gand�gin�gall �gfive�gcities�g(Fig.�g�g4,�gtop). �gIn�gthe�gcurrent �gclimate,�g
the�gaverage�gnumber�gof�gHD�gcounts�gbelow�g15�gand�gof�gVHD�gbelow�gone�g
day�gper�gyear�gin�gall �gfive�gcities.�gThese�gnumbers�gwill �gincrease�gin�gfuture �g
climates�gunder�gall �gthree�gGWLs,�greaching�gabove�g40�gHD�gand�gabove�g10�g
VHD�gin�gcity �gcentres�gat�gGWL3.0.�gThe�glargest�gnumber�gof�gHD�gand�gVHD�gis�g
to�gbe�gprojected�gin�gtwo �glargest�gcities,�gi.e.,�gin�gGeneva�gand�gZurich.

Additionally, �gthe�gseasonality�gof�gHD�gwill �gchange�gin�gfuture �gclimates.�g
Currently, �gthe�gHD�gseason�glasts�gfor �gapproximately �g109�gdays�gin�grural �g
areas�gand�g116�gdays�gin�gurban�gareas�gon�gaverage�gacross�gfive�gcities�g(Fig.�g�g4,�g
bottom). �gAt�gGWL1.5,�gthis�gwill �gbe�g124�gdays�g(rural) �gand�g135�gdays�g(urban), �g
and�gat�gGWL3.0,�g153�gdays�g(rural) �gand�g162�gdays�g(urban) �gon�gaverage�g
in�gall �gfive�gcities�g(30-year�gmeans).�gWith �gthe�gextended�gseason,�gHDs�gcan�g
already�gbe�gexpected�gin�gApril �gat�gGWL1.5�gand�gMarch�gat�gGWL3.0�gand�galso�g
in�gOctober�gat�gall �gGWLs.�gTherefore,�gthe�gHD�gseason�gextends�gfurther �ginto �g
the�gspring�gmonths�gthan�gthe�gautumn�gmonths.
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Fig.�g4.�gTop:�gExpected�gnumber�gof�ghot�gdays�g(HD,�gTmax�g≥�g30�g◦C)�gand�gvery�ghot�gdays�g(VHD,�gTmax�g≥�g35�g◦C)�gin�gthe�gcurrent�gclimate�g(1991�2020) �gand�gin�gthe�gfuture �g
climate�gat�gthree�gglobal�gwarming �glevels:�gGWL1.5,�gGWL2.0�gand�gGWL3.0�gin�gfive�gSwiss�gcities�g(rural �gand�gurban�gstations).�gThe�gboxes�gpresent�gthe�gmean�gnumber�gof�gdays�g
per�gyear�gover�g30-year�gperiods�g(the�greference�gperiod�gor�gGWL-slices),�gas�gwell �gas�gthe�g90%-quantile�grange�gof�gthe�gclimate�gmodel�gensemble.�gBottom:�gSeasonality�gof�gthe�g
hot�gdays�g(HD)�gin�gthe�gcurrent�gand�gfuture �gclimate�gat�gthree�gGWLs.�gThe�gboxes�gshow�gthe�g50%-range�gand�g90%-quantile�granges�gof�gthe�gclimate�gmodel�gensemble.�gPoints�g
indicate�goutliers, �gi.e.,�geither�glaying �gbelow�gthe�g5%-�gor�gabove�gthe�g95%-quantile.

The�gtemperature�gdifference�gbetween�gcity �gcentres�gand�goutskirts �gis�g
clearly�gvisible �gin�gthree�gcities�g(Bern,�gLausanne�gand�gZurich). �gIn�gthe�gother�g
two �gcities�g(Basel�gand�gGeneva),�ga�gslightly �gopposite�geffect�gis�gvisible, �gwith �g
a�gslight �gbias�gtowards�ga�ghigher�gnumber�gof�gHD�gand�gVHD�gin�grural �gthan�gin�g
urban�glocations.�gThis�geffect�gcan�gbe�gagain�gexplained�gby�gthe�groof�glocation �g
of�gthese�gtwo �gurban�gstations,�gas�git �gwas�galready�gvisible �gfor �gthe�gTXx�g(see�g
further �gdiscussion�gin�gsect.�g4.5).�gInterestingly, �gdespite�gthe�gurban�gstation�g
in�gBern�gbeing�glocated�gat�gthe�groof,�ga�gpattern�gsimilar �gto�gthat �gobserved�gin�g
Zurich �gand�gLausanne�gcan�gbe�gseen.

3.1.3.�gNighttime�gheat
With �grising �gtemperatures,�gnights�gwill �galso�gbecome�gwarmer,�gwith �g

tropical �gnights�g(TN)�goccurring �gmore�gfrequently. �gIn�gthe�gcurrent �gclimate�g
(1991�2020), �gTN�gare�gstill �grare�gin�gall �gfive�gcities,�gwith �gslightly �gmore�gTN�g
in�gcity �gcentres�gthan�gon�goutskirts �g(Fig.�g�g5,�gtop). �gNamely,�gthere�gare�gfewer�g
than�gtwo �g(outskirts) �gand�gfewer�gthan�gseven�g(city �gcentre)�gTN�gper�gyear�gon�g
average.�gIn�gfuture �gclimates,�gthis�gnumber�gwill �gincrease�gto�gan�gaverage�gof�g
over�g37�gTN�gin�gcity �gcentres,�gbut�gwill �gremain�gbelow�g19�gTN�gon�gaverage�g
on�gcity �goutskirts �gof�gall �gfive�gcities�g(GWL3.0).�gThis�gis�gmore�gthan�gtwice �gthe�g
number�gof�gTN�gin�gcity �gcentres�gcompared�gto�grural �glocations.

More�gspecifically, �gmore�gthan�g40�gTN�gare�gprojected�gin�gcity �gcentres�gof�g
Geneva,�gLausanne,�gand�gZurich �gat�gGWL3.0�gon�gaverage�g(see�gFig.�g�g5�gfor �g
uncertainty �granges).�gIn�gBasel,�gthis�gnumber�gwill �gincrease�gto�gabout�g32�gTN�g
in�gthe�gcity �gcentre,�gand�gin�gBern�gto�gabout�g20�gTN.�gAt�gthe�gsame�gGWL,�gthe�g
number�gof�gTN�gwill �gremain�gbelow�g20�gin�gthe�goutskirts �gof�gBasel,�gGeneva,�g
and�gZurich, �gand�gbelow�g10�gin�gBern.�gOnly�gin�gLausanne,�gthe�gnumber�gof�gTN�g
is�gprojected�gto�gexceed�g30�gin�gthe�goutskirts. �gAt�gGWL1.5,�gthe�gnumber�gof�g
TN�gwill �gremain�gbelow�gfive�gin�gthe�goutskirts �gof�gthe�gfour �gcities�g(except�gin�g

Lausanne,�gwhere�git �gwill �gbe�g12),�gand�gbelow�g20�gin�gthe�gcentres�gof�gall �gfive�g
cities.

The�gTN�gseason�gis�gprojected�gto�gextend�gin�gfuture �gclimates�g(Fig.�g�g5,�g
bottom). �gIn�gthe�gcurrent �gclimate,�gthe�gperiod�gduring �gwhich �gTNs�gare�g
expected�gto�goccur�gstarts�gin�glate�gJune�gand�glasts�guntil �glate�gAugust.�gOn�g
average,�git �glasts�gbetween�g64�gdays�gin�grural �glocations�gand�g94�gdays�gin�g
urban�glocations�gin�gthe�gfive�gcities.�gAt�gGWL1.5,�gthe�gTN�gseason�gis�gexpected�g
to�glast�g77�g(rural) �gand�g112�gdays�g(urban). �gAt�gGWL3.0,�gthese�gnumbers�g
will �gincrease�gto�g115�g(rural) �gand�g145�gdays�g(urban). �gThis�gequates�gto�gan�g
increase�gof�gapproximately �g13�g(rural) �gand�g18�gdays�g(urban) �gon�gaverage�g
at�gGWL1.5,�gand�g51�g(rural) �gand�g51�gdays�g(urban) �gat�gGWL3.0,�gcompared�g
to�gthe�gcurrent �gclimate.�gNotably, �gat�gGWL3.0,�gTNs�gcan�galso�gbe�gexpected�g
in�gurban�glocations�gearlier�gin�gthe�gyear�g(beginning �gof�gJune)�gand�glater�gin�g
the�gfall �g(October).�gUnder�gthe�gsame�gwarming �gscenario�g(GWL3.0),�gthe�g
TN�gseason�gwill �gbe�glimited �gto�gJune�gto�glate�gSeptember�gat�grural �gstations.�g
Interestingly, �gthe�gTN�gseason�gextends�gfurther �ginto �gautumn,�gwhereas�gthe�g
HD�gseason�gextends�gfurther �ginto �gspring.

3.1.4.�gHeat�gwarning�gdays
Another�gway�gof�gassessing�gheat�gexposure�gis�gto�gcount�gthe�gnumber�gof�g

days�gon�gwhich �ga�gheat�gwarning �gthreshold�gis�gprojected�gto�gbe�greached�g(see�g
Fig.�g�g6).�gBy�gexaminating�gthe�glevel�gof�gthese�gheat�gwarning �gdays,�gwe�gcan�g
estimate�gthe�gseverity�gof�gthe�gprojected�gheat�gwarnings.

In�gthe�gcurrent �gclimate�g(1991�2020), �gonly �ga�gfew�gdays�ga�gyear�gare�g
expected�gto�greach�gthe�gheat�gwarning �glevel�g2�g(HW2). �gThe�gfollowing �g
average�gnumber�gof�gHW2�gper�gyear�gare�gexpected�gin�gurban�glocations:�gBasel�g
(7�gdays),�gBern�g(4�gdays),�gGeneva�g(11�gdays),�gLausanne�g(7�gdays),�gand�g
Zurich �g(9�gdays).�gThere�gare�geven�gless�gHW2�gdays�gper�gyear�gat�grural �gstations:�g
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Fig.�g5.�gTop:�gexpected�gnumber�gof�gtropical �gnights�g(TN,�gTmin�g≥�g20�g◦C)�gin�gthe�gcurrent�gclimate�g(1991�2020) �gand�gin�gthe�gfuture �gclimate�gat�gthree�gglobal�gwarming �glevels:�g
GWL1.5,�gGWL2.0�gand�gGWL3.0�gin�gfive�gSwiss�gcities�g(rural �gand�gurban�gstations).�gThe�gboxes�gpresent�gthe�gmean�gnumber�gof�gdays�gper�gyear�gover�g30-year�gperiods�g(the�g
reference�gperiod�gor�gGWL-slices),�gas�gwell �gas�gthe�g90%-quantile�grange�gof�gthe�gclimate�gmodel�gensemble.�gBottom:�gSeasonality�gof�gTNs�gin�gthe�gcurrent�gand�gfuture �gclimate�g
at�gthree�gGWLs.�gThe�gboxes�gshow�gthe�g50%-range�gand�g90%-quantile�granges�gof�gthe�gclimate�gmodel�gensemble.�gPoints�gindicate�goutliers, �gi.e.,�geither�glaying �gbelow�gthe�g5%-�g
or�gabove�gthe�g95%-quantile.

Basel�g(5�gdays),�gBern�g(1�gday),�gGeneva�g(5�gdays),�gLausanne�g(5�gdays),�gand�g
Zurich �g(3�gdays);�gsee�gFig.�g�g6,�gtop.�gClimate�gmodel�gsimulations�gshow�gthat, �g
in�gfuture �gclimates,�ga�gsignificantly �ghigher�gnumber�gof�gsuch�gdays�gper�gyear�g
can�gbe�gexpected.�gAt�gGWL1.5,�gthere�gwill �gbe�gbetween�gfour �g(Bern)�gand�g11�g
(Geneva)�gdays�gwith �gHW2�gin�grural �glocations,�gand�gbetween�gnine�g(Bern)�g
and�g19�gdays�g(Geneva)�gin�gurban�glocations.�gAt�gGWL3.0,�gthese�gnumbers�g
will �grise�gfurther �gto�g16�g(Bern)�gto�g30�gdays�g(Geneva)�gin�grural �glocations�g
and�gto�g26�g(Bern)�gto�g42�gdays�g(Geneva)�gin�gurban�glocations.

Heat�gwarning �gdays�gwith �ga�ghigher�glevel�g(HW3�gand�gHW4)�gare�gstill �g
rare�gin�gthe�gcurrent �gclimate�g(Fig.�g�g6,�gtop). �gThere�gwere�gonly �gfew�gdays�g
with �gHW3�gin�gthe�greference�gperiod�gin�gall �gfive�gcities�gat�gurban�gstations�g
(1.5�gto�g4.9�gdays)�gand�galmost�gno�gsuch�gdays�g(0.4�gto�g2.0�gdays)�gat�grural �g
locations.�gSimilarly, �gthere�gwere�galmost�gno�gdays�gwith �gHW4�gat�gurban�gor�g
rural �gstations�gin�gall �gfive�gcities�gin�gthe�gcurrent �gclimate.�gThese�gnumbers�gare�g
projected�gto�gincrease�galready�gat�ga�glower �gwarming �gscenario.�gAt�gGWL1.5,�g
one�gcan�gexpect�gbetween�g1.3�g(Bern)�gand�g5.8�gdays�g(Geneva)�gwith �gHW3�gin�g
rural �glocations,�gand�gbetween�g4.3�g(Bern)�gand�g11.2�g(Geneva)�gsuch�gdays�g
in�gurban�glocations.�gAt�gthis�gwarming, �gstill �gnot�gmany�gdays�gwith �gHW4�g
are�gexpected�g(<0.4�gdays�gat�grural �gand�g≤1.3�gdays�gat�gurban�gstations).�gAt�g
GWL3.0,�g9.0�gdays�g(Bern)�gto�g19.0�gdays�g(Geneva)�gare�gprojected�gat�grural �g
locations,�gand�g15.6�g(Bern)�gto�g28.3�gdays�g(Geneva)�gwith �gHW3�gat�gurban�g
locations.�gThe�gnumber�gof�gdays�gwith �gHW4�gincreases�gto�gan�gaverage�gof�g3.2�g
to�g7.7�gdays�gper�gyear�gin�gBern�g(rural, �gurban),�gand�gto�g10.1�gto�g15.1�gdays�g
per�gyear�gin�gGeneva�g(rural, �gurban).�gThese�gresults�gshow�gthat �gdays�gwith �g
heat�gwarnings�gare�gexpected�gto�gbecome�gmore�gfrequent�gand�gintense�gin�ga�g
warmer�gclimate,�gwith �gmore�gdays�greaching�ghigher�gheat�gwarning �glevels�g
(HW3�gand�gHW4).

Additionally, �gthe�gHW�gseason�gis�galso�gexpected�gto�gchange�gin�ga�gwarmer�g
world �g(Fig.�g�g6,�gbottom). �gAs�gin�gthe�gcurrent �gclimate,�gthe�gHW2�gseason�gis�g

estimated�gto�glast�gon�gaverage�gbetween�g73�g(rural) �gand�g92�gdays�g(urban) �gper�g
year�g(overall �gaverage�gfor �gall �gfive�gcities).�gAt�gGWL1.5,�gthis�gwill �gincrease�g
to�gan�gaverage�gof�g90�g(rural) �gand�g108�gdays�g(urban), �gand�gat�gGWL3.0�git �gwill �g
increase�gfurther �gto�gan�gaverage�gof�g120�g(rural) �gand�g135�gdays�g(urban) �gper�g
year.�gThis�gequates�gto�gan�gincrease�gof�garound�g16�gdays�gat�gGWL1.5�gand�g43�gto�g
47�gdays�gper�gyear�gat�gGWL3.0.�gDays�gwith �gHW2,�gi.e.,�gwith �gTmean�gof�gat�gleast�g
25�g◦C,�gmostly�goccur�gin�gthe�gsummer�gmonths�g(June�gto�gAugust)�gnowadays�g
(1991�2020). �gIn�ga�gwarmer�gworld, �gthey�gmay�galso�goccur�gearlier�gand�glater�g
in�gthe�gyear�g(May�gto�gSeptember).�gIt �gis�gprojected�gthat, �gon�gaverage,�gthe�gHW�g
season�gwill �gbe�g15�gto�g18�gdays�glonger�gin�gurban�gthan�gin�grural �glocations�gin�g
the�gsame�gclimate.�gThis�gdifference�gis�gclearly�gvisible �gin�gall �gfive�gcities�gat�g
all �gwarming �gscenarios�g(Fig.�g�g6,�gbottom).

3.1.5.�gHeatwaves
Heatwaves,�ghere�gdefined�gas�gperiods�gwith �gat�gleast�gthree�gconsecutive�g

days�gwith �ga�gheat�gwarning �glevel�g3�gor�ghigher,�gare�gstill �gseldom�gin�gthe�gcur-
rent�gclimate�g(1991�2020). �gOn�gaverage,�gthere�gis�gless�gthan�gone�gheatwave�g
with �glevel�g3�gper�gyear�gin�grural �glocations�gand�gabout�gone�gin�gurban�glocations�g
(mean�gover�gfive�gcities).�gHeatwaves�gwith �glevel�g4�gare�geven�grarer�gin�gthe�g
current �gclimate�g(< 0.4�gepisodes�gper�gyear�gin�gurban�glocations).�gAt�gGWL1.5,�g
one�gheatwave�gof�glevel�g3�gis�gexpected�gper�gyear�gin�grural �glocations.�gIn�gurban�g
locations,�gfewer�gthan�gtwo �glevel�g3�gheatwaves�gare�gexpected,�gand�gfewer�g
than�g0.8�gof�gthese�gwill �greach�glevel�g4.�gAt�gGWL3.0,�gthree�gheatwaves�gof�g
level�g3�gare�gprojected�gon�gaverage�gin�grural �glocations.�gIn�gurban�glocations,�g
scenarios�gproject�gfour �gheatwaves�gof�glevel�g3,�gof�gwhich �g2.5�gon�gaverage�gwill �g
reach�glevel�g4.�gThe�ghighest�gnumber�gof�gheatwaves�gwith �glevel�g3�gis�gexpected�g
in�gthe�gcentres�gof�gGeneva�g(4.5�gheatwaves�glevel�g3�gand�g3.0�gheatwaves�glevel�g
4�gper�gyear)�gand�gZurich �g(4.3�gheatwaves�glevel�g3�gand�g2.7�gheatwaves�glevel�g
4�gper�gyear)�gat�gGWL3.0�g(Fig.�g�g7,�gtop).
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Fig.�g6.�gTop:�gFrequency�gand�gintensity �gof�gthe�gheat�gwarning �gdays�gin�gthe�gpresent�gclimate�g(1991�2020) �gand�gin�gthe�gfuture �gclimate�gat�gthree�gglobal�gwarming �glevels:�g
GWL1.5,�gGWL2.0�gand�gGWL3.0�gin�gfive�gSwiss�gcities.�gThe�gboxes�gpresent�gthe�gmean�gexpected�gnumber�gof�gHW�gover�g30-year�gperiods�g(the�greference�gperiod�gor�gGWL-slices),�g
as�gwell �gas�gthe�g90%-quantile�grange�gof�gthe�gclimate�gmodel�gensemble.�gBottom:�gSeasonality�gof�gheat�gwarning �gdays�glevel�g2�g(HW2)�gin�gthe�gcurrent�gand�gfuture �gclimate�gat�g
three�gGWLs.�gThe�gboxes�gshow�gthe�g50%-range�gand�g90%-quantile�granges�gof�gthe�gclimate�gmodel�gensemble.�gPoints�gindicate�goutliers, �gi.e.,�geither�glaying �gbelow�gthe�g5%-�g
or�gabove�gthe�g95%-quantile.

In�gfuture �gclimates,�gheatwaves�gwill �gnot�gonly �goccur�gmore�gfrequently, �g
but�galso�glast�glonger�g(Fig.�g�g7,�gbottom). �gIn�gthe�gcurrent �gclimate�g(1991�2020), �g
they�glast�gapproximately �gthree�gdays.�gIn�gthe�gfuture �gclimate,�gthe�gaverage�g
maximum �gduration �gexpected�gis�gfour �gdays�g(rural) �gand�gsix�gand�ga�ghalf �gdays�g
(urban) �gat�gGWL1.5.�gAt�gthe�ghighest�gwarming �gscenario�g(GWL3.0),�gthey�g
are�gexpected�gto�glast�gon�gaverage�gten�gdays�gin�grural �gand�g14�gdays�gin�gurban�g
locations.�gThe�glongest�gheatwaves�gare�gexpected�gin�gthe�gcity �gof�gGeneva�g(18�g
days)�gand�gZurich �g(14�gdays)�gat�gGWL3.0.�gAt�gthe�gsame�gwarming �gscenario,�g
the�gheatwaves�gwill �glast�g13�gdays�g(Geneva)�gand�gnine�gdays�g(Zurich) �gin�g
rural �glocations.�gThis�gis�gabout�gfive�gto�gsix�gdays�gshorter�gin�grural �gthan�gin�g
urban�glocations.�gHeatwaves�gwith �ga�gwarning �glevel�g4�gare�gexpected�gto�g
last�gon�gaverage�geight�gdays�gin�gGeneva�gand�gfive�gdays�gin�gZurich �gin�grural �g
locations,�gand�g11�gdays�gin�gGeneva�gand�gnine�gdays�gin�gZurich �gin�gthe�gcity �g
centres�g(GWL3.0).

3.2.�gThe�gwarmest�gweek�gin�ga�gwarmer�gworld

3.2.1.�gValidation
The�gworst-case�gscenarios�gof�gthe�gwarmest�gseven-day�gperiods,�ganal-

ysed�gin�gthis�gstudy,�gcould�gbe�gconsidered�gas�gextreme�gevents.�gTherefore,�g
the�gaim�gof�gthis�gvalidation �gapproach�gwas�gonly �gto�gassess�gthe�gability �gof�gcli-
mate�gmodels�gto�gsimulate�gextreme�gevents�gduring �gthe�gobservation�gperiod,�g
such�gas�gthe�gextremely�ghot�gsummers�gof�g2003�gand�g2018.�gThis�ghas�gbeen�g
done�gby�gcomparing�gthe�ganomaly�gand�gstandardised�ganomaly�gof�gthe�gSwiss�g
Mean�gSummer�gTemperature�g(SMST)�gcalculated�gfor �gthe�gobservation�gdata�g
and�gclimate�gsimulations,�gas�gseen�gin�gFig.�g�g8.�gWe�gfind �gthat �gthe�gobservations�g
lie�gwithin �gthe�grange�gof�gthe�gclimate�gmodel�gsimulations�gincluding �gthe�g

hottest�gyears�g2003�gand�g2018,�galbeit �gthey�glie�gat�gthe�gupper�gtail �gof�gthe�g
climate�gmodel�gdistribution, �gas�gexpected.�gTherefore,�gwe�gcan�gconclude�g
that �gthe�gClimate�gCH2025�gmodel�gensemble�gis�gcapable�gof�greproducing�g
such�gextreme�gheat�gevents.

3.2.2.�gWarmest�gweek�gof�gthe�gwarmest�gsummer
The�gworst-case�gscenarios�gfor �gthe�gwarmest�gweek�g(the�gseven-day�g

period) �gare�gpresented�gin�gFig.�g�g9�gfor �gGWL1.5�gand�gin�gFig.�g�g10�gfor �gGWL3.0�g
(for �gGWL2.0,�gsee�gAppendix�g�gB).�gFor�gboth�gGWLs,�gone�gwarmest�gweek�gper�g
climate�gmodel�gis�gselected�gand�gthese�gare�gplotted �gin�gFigures.�gThis�gmeans�g
that �g26�gdifferent �grealizations�gof�ga�gpossible�gwarmest�gweek�gare�gplotted �gfor �g
GWL1.5,�gand�g24�gfor �gGWL3.0.

We�gfind �gthat �geven�gat�gGWL1.5�gmost�gclimate�gmodels�gsimulate�gthe�g
warmest�gweek�gas�ga�gheatwave�gwith �gwarning �glevels�g3�gor�g4�gin�gall �gfive�g
cities,�gwith �gTmean�gof�gat�gleast�g25�g◦C�gand�g27�g◦C,�grespectively,�gfor �gat�g
least�gthree�gconsecutive�gdays�g(Fig.�g�g9).�gHowever,�gcooler�gperiods�gwith �g
lower �gtemperatures,�gdropping �gbelow�g25�g◦C,�goccur�gbefore�gand�gafter�gthe�g
projected�gheatwaves.�gDuring �gthe�ghottest�gphase�gof�gthe�gseven-day�gperiod,�g
Tmean�greaches�gor�gexceeds�g30�g◦C,�gthough�git �gremains�gbelow�gthis�gvalue�g
for �gmost�gof�gthe�g21-day�gperiod.�gDuring �gthese�gheatwaves,�gtemperatures�g
in�grural �glocations�gremain�gone�gto�gtwo �gdegrees�glower �gthan�gin�gurban�g
locations.

At�gGWL3.0,�gmost�gclimate�gmodels�gsimulate�gthe�gwarmest�gweek�gas�ga�g
heatwave�gof�gwarning �glevel�g4�g(Fig.�g�g10).�gAdditionally, �gTmean�gremains�g
above�gthe�g25�g◦C�gthreshold,�gand�gsometimes�geven�gabove�g27�g◦C,�gduring �g
the�gperiod�gbefore�gand�gafter�gthe�gwarmest�gweek.�gThus,�gthe�gheatwave�g
tends�gto�gextend�gto�g21�gdays�gfor �gsome�gclimate�gmodels�g(particularly, �gin�g
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Fig.�g7.�gNumber�gof�gheatwaves�g(top) �gand�gthe�glength�gof�gthe�glongest�gheatwave�gfor�gdifferent �gheat�gwarning �glevels�g(bottom) �gin�gthe�gcurrent�gclimate�g(1991�2020) �gand�g
the�gfuture �gclimate�gat�gthree�gglobal�gwarming �glevels:�gGWL1.5,�gGWL2.0�gand�gGWL3.0�gin�gfive�gSwiss�gcities.�gThe�gboxes�gpresent�gthe�gmean�gover�g30-year�gperiods�g(reference�g
period�gor�gGWL�gslices)�gand�gfor�gthe�gclimate�gmodels�galso�gthe�g90%-quantile�grange�gof�gclimate�gmodel�gensemble.

urban�glocations),�gwith �gTmean�gexceeding�g30�g◦C�gfor �gperiods�glonger�gthan�g
the�gwarmest�gseven-day�gperiod�gfor �gmost�gclimate�gmodels.�gTemperatures�g
at�grural �glocations�galso�gremain�gabove�g25�g◦C.�gConsequently,�gthere�gis�gno�g
recovery�gperiod�gfrom �gthe�gheatwave�gand�gcitizens�gare�gexposed�gto�ghigh�g
temperatures�gand�gmore�gintense�gheat�gthroughout �gthe�g21-day�gperiod,�g
as�gsimulated�gby�gmost�gclimate�gmodels.�gHowever,�gthere�gcan�gstill �gbe�ga�g
visible �gdifference�gbetween�gurban�gand�grural �glocations,�gwith �gtemperatures�g
generally�gremaining �gone�gto�gtwo �gdegrees�ghigher�gin�gurban�glocations.

3.2.3.�gThe�gworst-case:�gwarmest�gweek�gper�gglobal�gwarming�glevel
The�gdevelopment�gof�gthe�gdaily �gmean�g(Tmean),�gmaximum �g(Tmax)�gand�g

minimum �g(Tmin) �gtemperatures�gduring �gthe�gworst-case�gscenario�gfor �geach�g
of�gthe�gtwo �gGWLs,�gi.e.,�gthe�gwarmest�gweek�gof�gall �gclimate�gmodels,�gis�gshown�g
in�gFig.�g�g11�gfor �gGWL1.5�gand�gGWL3.0�g(for �gGWL2.0,�gsee�gAppendix�g�gB).

Analysing�gthese�gworst-case�gscenarios�gfor �gboth�gGWLs�greveals�gthat �gall �g
three�gtemperature�gvariables�g(Tmax,�gTmean,�gand�gTmin) �gshow�gvery�ghigh�g
values.�gAt�gGWL1.5�g(Fig.�g�g11,�gtop) �gTmin �gremains�gabove�g20�g◦C�gin�gall �gfive�g
cities,�gthroughout �gthe�gseven-day�gperiod�geven�gin�grural �glocations.�gTmax�g
remains�gabove�g35�g◦C�gthroughout �gthe�gseven-day�gperiod,�gand�gabove�g30�g◦C�g
also�gfor �ga�gfew�gdays�gbefore�gand�gafter�gthe�gwarmest�gweek.�gThe�gdifference�g
between�grural �gand�gurban�glocations�gis�gmost�gevident�gin�gTmean�gand�gTmin, �g
and�gless�gfor �gTmax.�gThis�gcould�galso�gbe�gdue�gto�groof�glocations�gof�gthree�g
urban�gstations,�gand�gis�gfurther �gdiscussed�gin�g4.5.

At�gGWL3.0�g(Fig.�g�g11,�gbottom), �gTmax�gis�gprojected�gto�gexceed�g40�g◦C�g
during �gthe�gwarmest�gseven-day�gperiod,�gand�gto�gexceed�g35�g◦C�gon�gmost�g
days�gduring �gthe�g21-day�gperiod,�gin�gboth�grural �gand�gurban�glocations.�gTmax�g
may�greach�gor�geven�gexceed�g45�g◦C�gduring �gthe�gpeak�gof�gthe�gwarmest�gweek.�g
Tmin �gis�gprojected�gto�gremain�gabove�g20�g◦C�gthroughout �gthe�g21-day�gperiod�g
in�gboth�grural �gand�gurban�glocations.�gDuring �gthe�gwarmest�gweek,�git �gmay�grise�g

even�gabove�g25�g◦C�gfor �gsome�gof�gdays�gand�gabove�g30�g◦C�gduring �gthe�gpeak�g
of�gthe�gheatwave.

Additionally, �gwe�gfind �gthat �gfor �gcities�gwith �gurban�gstations�glocated�gon�g
roofs,�gi.e.,�gBasel,�gBern�gand�gGeneva,�gthe�gdifference�gin�gTmax�gbetween�g
the�gurban�gand�grural �glocations�gis�gminimal. �gIn�gfact,�gfor �gGeneva,�gthe�g
rural �gstation�gsimulates�ghigher�gdaily �gmaximum �gtemperatures�gthan�gthe�g
urban�gstation.�gThis�gissue�gis�gdiscussed�gin�gSection�g4.1.�gFor�gthe�gother�g
two �gvariables,�gTmin �gand�gTmean,�gurban�gstations�gproject�gslightly �ghigher�g
temperatures�gthan�gthe�grural �gstations,�gas�gexpected.

4.�gDiscussion

4.1.�gFive�gswiss�gcities�gwill �gexperience�gsevere�gheat�gbut�gto�gdifferent�gextents

The�gClimate�gCH2025�gscenarios�gproject�gan�gincreasing�gnumber�gof�gall �g
heat�gindices�gat�ghigher�gGWLs,�gincluding �ghot�gdays�g(HD),�gvery�ghot�gdays�g
(VHD),�gand�gtropical �gnights�g(TN),�gas�gwell �gas�ga�glengthening�gof�gthe�gseasons�g
in�gwhich �gthey�goccur.�gHD�gand�gTN,�gwhich �gare�gnowadays�glimited �gto�g
the�gsummer�gmonths,�gare�galready�gto�gbe�gexpected�gin�gearly�gspring�g(HD)�g
and�gautumn�g(TN)�gtoo.�gThe�gextension�gof�gthe�gTN�gseason�gexpected�gto�gbe�g
more�gpronounced�gin�gautumn�gcould�gbe�gpartly �glinked �gto�gthe�gfact�gthat
Climate�gCH2025�gsimulates�ga�gslightly �ggreater�grise�gin�gmean�gtemperatures�g
in�gautumn�gthan�gin�gspring.�gOn�gaverage,�gtemperatures�gare�gexpected�gto�g
increase�gby�g3�g◦C�gin�gautumn�gand�g2.3�g◦C�gin�gspring�gat�gGWL3.0,�gcompared�g
to�gthe�gbaseline�gvalue�gfrom �gthe�greference�gperiod�g[ 28].

An�gincreasing�gnumber�gof�gheat�gindices�gbeing�ghit, �gas�gwell �gas�gan�g
extension�gto�gtheir �gseason,�gwill �glead�gto�ga�gdrastic�gincrease�gin�gheat�gexposure�g
in�gall �gfive�gcities�gin�gfuture �gclimates,�galbeit �gto�gdifferent �gextents.�gAs�gseen�g
from �gthe�gnumber�gof�gtropical �gnights�gand�gof�gdays�gwith �gheat�gwarnings,�gthe�g
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Fig.�g8.�gTop:�gAnomaly�gof�gthe�gSwiss�gMean�gSummer�gTemperature�g(SMST)�gin�gthe�greference�gperiod�g1991�2020. �gBottom:�gAnomaly�gstandardized�gby�gthe�gmean�gvalue�g
of�gthe�greference�gperiod.�gSimulations�gof�gthe�gclimate�gmodels�gare�gplotted �gwith �gblue�glines�gand�gof�gthe�gobservations�gwith �gblack�glines.�gThe�ghottest�gsummers�gof�gthe�g
observations�gperiod,�gi.e.,�gyears�g2003�gand�g2018,�gare�gmarked�gin�gorange.�g(For�ginterpretation �gof�gthe�greferences�gto�gcolour�gin�gthis�gfigure�glegend,�gthe�greader�gis�greferred�g
to�gthe�gweb�gversion�gof�gthis�garticle.)

Fig.�g9.�gThe�gwarmest�gweek�gin�ga�g1.5�g◦C�gwarmer�gworld �g(GWL1.5)�gin�gfive�gSwiss�gcities�gat�grural �g(a)�gand�gurban�g(b)�gstations�gas�gsimulated�gby�gdifferent �gclimate�gmodels.�g
In�gaddition �gto�gthe�gseven-day�gperiod,�gthe�gseven�gdays�gbefore�gand�gafter�gare�galso�gplotted. �gThe�gworst-case�gscenario�gof�gall�gsimulated�gwarmest�gseven-day�gperiods�gis�g
additionally �gmarked�gwith �ga�gdashed�gline.�gThis�gworst-model�gis�gfurther �gpresented�gfor�gTmax,�gTmean�gand�gTmin�gin�gFig.�g�g11.
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Fig.�g10.�gThe�gwarmest�gweek�gin�ga�g3.0�g◦C�gwarmer�gworld �g(GWL3.0)�gin�gfive�gSwiss�gcities�gat�grural �g(a)�gand�gurban�g(b)�gstations�gas�gsimulated�gby�gdifferent �gclimate�gmodels.�g
In�gaddition �gto�gthe�gseven-day�gperiod,�gthe�gseven�gdays�gbefore�gand�gafter�gare�galso�gplotted. �gThe�gworst-case�gscenario�gof�gall�gsimulated�gwarmest�gseven-day�gperiods�gis�g
additionally �gmarked�gwith �ga�gdashed�gline.�gThis�gworst-model�gis�gfurther �gpresented�gfor�gTmax,�gTmean�gand�gTmin�gin�gFig.�g�g11.

cities�gof�gGeneva,�gLausanne,�gand�gZurich �gwill �gbe�gthe�gmost�gaffected,�gwhile �g
Bern�gwill �gbe�gthe�gleast�gaffected.�gBern's�glocation �gat�ga�ghigher�galtitude �g(536�g
to�g553�gm.�ga.s.l.),�glowest�gpopulation �gdensity�g(2673.3�ginhabitants �gper�g1�g
km2)�gand�gits�gcity �gstructure,�gwhich �gincludes�ga�glarge�gproportion �gof�gurban�g
green�gspaces,�gmost�glikely �gresult�gin�gthe�glowest�gheat�gexposure�g[ 50]. �gOf�g
the�gthree�gmost�gaffected�gcities,�gGeneva�gappears�gto�gbe�gthe�gone�gthat �gwill �g
experience�gthe�glargest�gheat�gexposure,�gdue�gto�gits�glower �galtitude �g(412�gto�g
420�gm.�ga.s.l.)�gand�ghigh�gpopulation �gdensity�g(13099.1�ginhabitants �gper�g1�g
km2),�gresulting �gin�ga�gdense�gcity �gstructure.�gBy�gcontrast,�gthe�gnumber�gof�ghot�g
and�gvery�ghot�gdays�gis�gprojected�gto�gbe�gat�ga�gsimilar �ghigh�glevel�gin�gall �gfive�g
cities.

Similar �gpatterns�gcan�gbe�gexpected�gin�gother�gEuropean�gregions�gand�g
cities,�gas�gEurope�gis�gprojected�gto�gbe�gthe�gcontinent �gexperiencing�gthe�gfastest�g
warming �grate�g[ 51]. �gNote�ghowever�gthat �gin�gthe�gcity �gscenarios�gwe�gdo�g
not�gaccount�gfor �gchanges�gin�gurban�gpopulations�ggrowth �gand�gits�gpotential �g
impact�gon�gincreased�ganthropogenic�gheat�gin�gthe�gfuture.

In�gaddition �gto�gthe�gbuilt �genvironment �gand�gthe�gsize�gof�ga�gcity, �gthe�g
surrounding �gtopography�gand�glandforms,�gas�gwell �gas�gthe�glocal�gclimate,�gthe�g
existence�gand�gproportions �gof�ggreen�gzones�gand�gwater�gbodies,�gstructure�gof�g
urban�gcanyons�gare�gimportant �gdrivers�gof�g(urban) �gtemperatures�g[ 12,52]. �g
While �gall �gfive�gcities�gare�glocated�gin�grather�gcomplex�gtopography,�gwhich �g
enables�ggood�gventilation, �gGeneva,�gLausanne�gand�gZurich �gare�glocated�g
next�gto�ga�glake.�gDuring �gsummer,�gthese�glakes�gheat�gup,�gand�genhance�gthe�g
local�gtemperatures,�gmainly �gduring �gnighttime. �gTheir�gheat�grelease�gis�gmost�g
dominant �gin�gthe�gsecond�ghalf �gof�gthe�gsummer�gand�gearly�gautumn,�gwhen�g
lake�gtemperatures�gremain�gat�gtheir �ghighest.�gDuring �gthe�gday,�glakes�gmay�g
however�gstill �ghave�ga�gcooling�geffect.�gThus,�gdaytime�gheat�gmay�gbe�glower �gin�g
these�gthree�gcities,�gwhile �gnighttime �gheat�gis�genhanced,�gcompared�gto�gBasel�g
and�gBern,�gas�gseen�gby�gthe�gexample�gof�gLausanne�g[ 46].

4.2.�gExposure�gto�gheat�gis�ghigher�gin�gurban�gareas

Our�gfindings �gshow�gheat�gexposure�gto�gbe�ghigher�gin�gcity �gcentres�gthan�g
in�gsurrounding �grural �gareas�gin�gall �gfive�gcities.�gAt�gnight, �gthese�gdifferences�g

reach�gbetween�g1�gand�g2�g◦C,�gwhile �gduring �gthe�gday,�gthe�gdifferences�gare�g
less�gpronounced.�gThis�gis�gin�gline �gwith �gother�gstudies�gshowing�gthat �gthe�g
differences�gin�gtemperature�gbetween�gurban�gand�grural �gstations�gare�gmuch�g
more�gpronounced�gat�gnight �gthan�gduring �gthe�gday�g[ 5,53]. �gOur�gprojections�g
also�gclearly�gshow�ghigher�gfrequency�gand�gintensity �gof�gdays�gwith �gheat�g
warnings,�gbased�gon�gTmean,�gin�gurban�gthan�gin�grural �gareas�gat�gall �gGWL�g
scenarios.�gRural�glocations�ggenerally�gexperience�gabout�g15�gfewer�gdays�g
with �ga�gheat�gwarning �gof�ga�glevel�g2�gor�ghigher.�gAdditionally, �gthe�gseason,�g
during �gwhich �gheat�gwarning �gdays�gmight �gbe�gexpected,�gwill �gbe�gabout�gtwo �g
to�gtwo-and-a-half�gweeks�glonger�gin�gurban�gareas�gthan�gin�grural �gareas.

However,�git �gshould�gbe�gnoted�gthat �gthere�gare�gsome�gmethodological �g
limitations �grelating �gto�gthe�grepresentativeness�gof�gthe�gurban�gstations.�gAs�g
all �gurban�gstations�gare�goperated�gby�gpartner�ginstitutions, �gstrict �glocation �g
regulations�gof�gMeteoSwiss�gmay�gnot�gbe�gmet�gat�gthese�gstations.�gIndeed,�g
three�gout�gof�gfive�gurban�gstations�gare�glocated�gon�groofs�g(Basel,�gBern,�gand�g
Geneva)�gwith �ga�gheight�gof�g24�gto�g38�gm�gabove�gthe�gground.�gHowever,�gthe�g
greatest�gdifferences�gin�gtemperature�gbetween�gurban�gand�grural �gareas�goc-
cur�gbelow�gthe�gmean�gheight�gof�ga�gcity's�groof�g[ 5]. �gIn�gaddition, �gto�gurban�gheat�g
being�ggenerally�gless�gpronounced�gduring �gthe�gday,�gthe�glocation �gon�gthe�g
roof�gmay�gbe�ganother�gpossible�gexplanation�gfor �gsmall�gor�geven�gnon-existing�g
differences�gin�gurban-rural �gTmax.�gGehrig�get�gal.�g[ 46] �ghave�gdemonstrated�g
that �gsensors�gon�gthe�groof�gmeasure�gmidday �gtemperatures�gthat �gare�gup�gto�g
0.5�g◦C�glower �gthan�gat�gnearby�grural �gstations.�gThis�gphenomenon,�gwhereby�g
there�gare�gsmaller�gdifferences�gin�gmaximum �gmidday �gand/or �gnighttime �g
temperatures�gcompared�gto�gneighbouring �gland�gstations,�gis�gcalled�ga�g'cold�g
inland' �g[ 54]. �gAt�gthe�gstations�gunder�gstudy,�gthis�gappears�gto�gbe�gparticularly �g
pronounced�gfor �gdifferences�gin�gdaytime�gtemperatures.�gNevertheless,�gthis�g
suggests�gthat �gthe�gdifferences�gbetween�gurban�gand�grural �gstations�gmay�g
actually �gbe�geven�ggreater.�gMoreover,�gas�gthe�gurban�gstation�gin�gLausanne�g
is�glocated�gclose�gto�gLake�gGeneva,�gurban-rural �gtemperature�gdifferences�g
in�gthis�gcity �gmight �galso�gbe�gaffected�gby�gthe�glake�geffect,�gresulting �gin�g
lower �ggradients,�gas�gshown�gby�gGehrig�get�gal.�g[ 46]. �gDue�gto�gmentioned�g
issues,�gthe�gZurich �gstation�gpair �gcan�gbe�gseen�gas�gthe�gmost�grepresentative�gto�g
illustrate �grural�urban �gdifferences,�gdespite�ghaving�gthe�ggreatest�gdifference�g
in�gelevation�gbetween�gthe�gstations.

City and Environment Interactions 30 (2026) 100385 

����  



A.E.�gSenoner�get�gal.

Fig.�g11.�gDevelopment�gof�gtemperature�gduring �gthe�gworst-case�gscenario�gat�grural �g(dashed�gline) �gand�gurban�g(solid�gline) �gstations,�gthe�gwarmest�gweek�gof�gall�gclimate�gmodels,�g
in�ga�g1.5�g◦C�gwarmer�gworld �g(GWL1.5,�ga)�gand�gin�ga�g3.0�g◦C�gwarmer�gworld �g(GWL3.0,�gb)�gin�gfive�gSwiss�gcities.�gIn�gaddition �gto�gthe�gseven-day�gperiod,�gthe�gseven�gdays�gbefore�g
and�gafter�gare�galso�gplotted. �gThis�gsimulation �gcorresponds�gto�gthe�gdashed�gmodel�gsimulation �gin�gFigs.�g�g9 and 10.

4.3.�gHigher�gheat�gexposure�gwill �gnegatively�gimpact�gcitizens'�ghealth

High�gday�gand�gnight �gtemperatures�gmay�ghave�gsevere�gimplications �g
for �gcitizens'�ghealth.�gRagettli�get�gal.�g[ 6] �ghave�gdefined�gan�goptimal �gtem-
perature�gof�garound�g17�g◦C�gfor �gSwitzerland,�gbased�gon�gTmean,�gwith �gan�g
increased�gmortality �grate�gat�ghigher�gtemperatures.�gThat�gis,�gthe�gmortality �g
rate�gincreases�gby�gan�gaverage�gof�g18%�gat�g25�g◦C�g(the�gthreshold�gfor �gheat�g
warning �glevels�g2�gand�g3),�gand�gby�gan�gaverage�gof�g37%�gat�g27�g◦C�g(the�g
threshold�gfor �gheat�gwarning �glevel�g4),�gcompared�gto�g17�g◦C.�gAt�gGWL3.0,�g
the�g25�g◦C�gthreshold�gfor �gTmean�gwill �gbe�gexceeded�gby�ga�glarge�gmargin,�gas�g
temperatures�gwill �gremain�gabove�gthis�gthreshold�gthroughout �gthe�gday�gand�g
night, �gespecially�gin�gurban�gareas.

Prolonged�gheatwaves�gand�gperiods�gof�gtropical �gnights�gwill �gcause�gcities�g
to�goverheat,�gresulting �gin�ggreater�glevels�gof�gheat-related�gexposure�gfor �gtheir �g
citizens.�gIn�gparticular, �gthe�glack�gof�gnighttime �gcooling�gputs�gthe�gbody�gunder�g
greater�gstress,�gpreventing�git �gfrom �grecovering�gfrom �gthe�gdaytime�gheat.�g
Studies�gshow�gthat �gprolonged�gperiods�gof�gextreme�gdaytime�gtemperatures�g
accompanied�gby�ghigh�gnighttime �gtemperatures�gare�gthe�gmost�gdangerous�g
for �ghealth�g[ 14]. �gSuch�gperiods,�galthough �grare�gin�gtoday's�gclimate,�gwill �g
occur�gfrequently �gin�ga�gwarmer�gclimate,�gespecially�gat�gGWL3.0.�gAlso,�gheat-
related�gdeaths�gwill �gincrease.�gVicedo-Cabrera�get�gal.�g[ 7] �ghave�gshown�g
that �gthe�gmortality �gexcess�gin�gCentral�gEurope�gincreases�gby�gapproximately �g
2.63%�gat�gGWL3.0�gcompared�gto�gGWL1.5.

These�gprojected�ghigher�glevels�gof�gpotential �gheat�gexposure�gin�gurban�g
areas�gat�ghigher�gwarming �glevels�gwill �gmostly�gaffect�gvulnerable�gcommuni-
ties,�gsuch�gas�golder�gpeople�gand�gyoung�gchildren. �gThose�gaged�g65�gyears�gor�g

over�gare�gparticularly �gat�ghigh�grisk,�gas�gthey�goften�gtend�gto�glive �gin�gdense�g
urban�gareas�gor�gtheir �gneighbourhoods�gwith �ggood�gtransport�glinks �g[ 12]. �g
Eurostat�gprojects�ga�gprogressive�gageing�gof�gthe�gEuropean�gpopulation �gin�g
the�gfuture. �gThe�gproportion �gof�gpeople�gaged�g65�gand�gover�gis�gexpected�gto�g
rise�gfrom �g22%�gin�g2025�gto�gabout�g30%�gin�g2060�g[ 55]. �gOver�gthe�gsame�g
period,�gageing�gin�gSwitzerland�gis�gprojected�gto�ghappen�gat�ga�gslightly �g
slower�gpace�gthan�gthe�gEuropean�gUnion�gaverage,�gwith �gan�gincrease�gin�gthe�g
proportion �gof�gpeople�gaged�g65�gor�gover�gfrom �g19.5%�gin�g2025�gto�gabout�g
28.6%�gin�g2060�g[ 56]. �gThis�ggroup�gof�gpeople�gis�gparticularly �gvulnerable�g
to�gheat-related�gmortality, �gwhich �gmight �gbe�gfurther �gexacerbated�gby�gpre-
existing�gphysiological �gconditions�gor�gother�gsocial�gfactors�g[ 57,58]. �gThis�g
combination �gof�gan�gobserving�gtrend�gin�gpopulation �gageing�gand�gclimate�g
warming �gcreates�ga�gmulti-risk �gthat �gwill �gmost�glikely �gfurther �gaccelerate�gthe�g
potential �gheat-related�gmortality �grates�gin�gfuture �gclimates�g[ 59].

4.4.�gWarmest�gsummer�gweeks�gmay�gcause�ghospitals�gto�gbecome�goverloaded

The�gprojected�gworst-case�gscenarios�gof�gthe�gwarmest�gseven-day�gperi-
ods�gillustrate �ghow�glow-likelihood �ghigh-impact �gevents�gon�ga�gnational �gscale�g
might �glook�glike �gin�gwarmer�gclimates.�gDuring �gboth�gheatwaves�gprojected�g
at�gGWL1.5�gand�gGWL3.0,�git �gis�gexpected�gto�gbe�ghot�gin�gall �gfive�gcities,�gin�g
both�glocations�g� �gurban�gand�grural �g� �gthroughout �gthe�gseven-day�gperiod,�g
with �gdaily �gmean�gtemperatures�gexceeding�g27�g◦C,�gand�greaching�g35�g◦C�g
(GWL1.5)�gand�gup�gto�g40�g◦C�g(GWL3.0).�gHowever,�gthe�gdifference�gbetween�g
these�gtwo �gscenarios�gis�gthat �gat�ga�glower �gwarming �glevel�g(GWL1.5),�gthere�gare�g
periods�gof�glower �gtemperatures�gdirectly �gbefore�gand�gafter�gthe�gheatwave�g
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(the�gwarmest�gweek).�gThese�g̀̀cooler''�gperiods�gallow �gcitizens�gto�grecover�g
from �gthe�gheatwave,�gwhich �gis�gextremely�gimportant �gfor �gvulnerable�ggroups�g
such�gas�gthe�gelderly �gand�gyoung�gchildren �g[ 9,11]. �gIn�gcontrast,�gat�ga�ghigher�g
warming �glevel�g(GWL3.0),�git �gis�galready�ghot�gbefore�gand�gafter�gthe�gwarmest�g
seven-day�gperiod.�gDaily �gmean�gtemperatures�gstay�gabove�g27�g◦C�gthrough-
out�gthe�gentire�g21-day�gperiod�gin�gurban�glocations�gand�gfor �gmost�gof�gthis�g
period�gin�grural �glocations.�gThis�gprolonged�gheatwave�gputs�ga�gstrain�gon�g
citizens'�ghealth�gwithout �gany�gtime �gfor �grecovery�gfrom �gheat.

Perkins�g[ 60] �ghas�gshown�gthat �ghigh�gnighttime �gtemperatures�gare�gpar-
ticularly �gdangerous�gfor �ghealth,�gas�gpeople�gtend�gto�gbe�gsubstantially �gless�g
tolerant �gof�gheat�gon�gthe�gday�gafter�ga�gnighttime �gheat�gepisode.�gIf �gnighttime �g
temperatures�gremain�ghigh�gfor �gan�gentire�gweek�gor�geven�glonger,�gpeople's�g
ability �gto�gcope�gwith �gdaytime�gheat�gwill �ggradually �gdecrease.�gThis�gis�g
particularly �gpronounced�gat�gGWL3.0,�gwhen�galmost�gthe�gentire�g21-day�g
period�gis�gprojected�gto�ghave�gnight �gtemperatures�gabove�g20�g◦C.�gThis�g
means�gthat �galmost�gevery�gnight �gwithin �gthis�gperiod�gwould �gbe�ga�gtropical �g
night �gin�gcentres�gof�gfive�gcities�gstudied�ghere.�gSuch�gextended�gperiods�gof�g
high�gdaytime�gand�gnighttime �gtemperatures�gin�gall �gthe�glargest�gcities�gin�g
Switzerland�goccurring �gat�gthe�gsame�gtime �gmight �gcause�gthe�gpublic �ghealth�g
system�gto�gface�gvery�ghigh�gdemand�gthroughout �gthe�gcountry.

In�gthis�gcontext,�gtheoretical �gheat�gwarnings,�gas�gsimulated�gin�gthis�g
study,�gmight �ghelp�gto�gassess�gpotential �glevels�gof�gfuture �gheat�gexposure�g
at�gdifferent �glevels�gof�gwarming �g(GWLs).�gAs�gthe�gheat-related�gmortality �g
rate�gin�gSwitzerland�ghas�gbeen�gshown�gto�gbe�gstrongly�gcorrelated�gwith �gthe�g
daily �gmean�gtemperature�g[ 7], �gthe�gprojected�glevels�gof�gheat�gexposure�gmay�g
alert�gpublic �gauthorities �gand�gthe�gpublic �ghealth�gsystem�gabout�gpotential �g
higher�grates�gin�ghospitalization �gand�gmortality. �gThis�ginformation �gmight �g
support�gthem�gto�gplan�gmore�geffective�gheat�gprevention �gmeasures�gfor �g
a�gwarmer�gfuture �gclimate�gand�gto�greduce�gheat-related�gmortality �grates.�g
Such�gprevention �gplans�ghave�gbeen�gshown�gto�gplay�gan�gimportant �grole�gin�g
Europe�g[ 61]. �gThe�gEuropean�gCommission�galso�gconsiders�gwarning �gsystems�g
to�gbe�gan�gimportant �gmeasure�gfor �gguiding �gthe�gpopulation �gduring �gextreme�g
heat�gevents�gand�gsupporting�gtimely �ghealthcare�g[ 12]. �gIn�gthe�gcontext�gof�g
such�gan�gextreme�gheatwave�gphase,�gthe�gability �gto�gaccurately�gforecast�g
air�gtemperature�ga�gfew�gweeks�gahead�g(i.e.�gsub-seasonally)�gwill �gbecome�g
increasingly�gimportant �g[ 62], �gto�gprovide �ga�gbetter�gbasis�gfor �gthe�gheat�g
warning �galerts.

Simulating �gthe�gexact�gfuture �grates�gof�gmortality �gand�ghospitalization �gis,�g
however,�gbeyond�gthe�gscope�gof�gthis�gstudy.�gThis�gwould �grequire�gestablish-
ing�gtemperature-mortality �grate�grelationships�gfor �gscenarios�gfor �geach�gcity �g
individually. �gIdeally, �gthe�gfuture �gdemographic�gstructure�gof�gSwiss�gcities�g
should�galso�gbe�gtaken�ginto �gaccount.

4.5.�gMethodological�gaspects�gand�glimitations�gof�gthe�gstudy

Future�gclimate�gprojections�gfrom �gClimate�gCH2025�gfor �gcities�gare�gbased�g
on�gthe�gassumption�gthat �gSwiss�gcities�gwill �gretain �gtheir �gcurrent �gspatial�g
structure.�gIn�gparticular, �gtheir �gshare�gof�ggreen�gzones�gin�gfuture �gscenarios�g
is�gassumed�gto�gbe�gthe�gsame�gas�gin�gtoday's�gsituation. �gSimilarly, �gwe�gassume�g
that �grural �glocations�gwill �gretain �gtheir �gcurrent �gcharacteristics.�gAssuming�g
this�genables�gus�gto�gfocus�gentirely �gon�gthe�gimpact�gof�ga�gwarming �gclimate�g
on�gcities�gand�gto�gignore�gthe�geffects�gof�gpossible�gchanges�gto�gtheir �gstructure�g
and�gexpansion.

However,�gcities�gmay�gbe�gfurther �gaffected�gby�genhanced�gtemperatures�gif �g
urban�gareas�gcontinue�gto�ggrow�gor�gbecome�gdenser,�gmaking�gthe�gurban�gheat�g
even�gmore�gpronounced�gor�gextending�gvulnerable�gareas�gto�gsites�glocated�g
further �gaway�gfrom �gtoday's�gcity �gcentres.�gYet,�gdue�gto�glimited �gspace�gin�gthe�g
city �gcentres,�git �gis�gexpected�gthat �gcities�gwill �ggrow�gmore�gon�gtheir �goutskirts �g
than�gin�gthe�gcentre�g[ 15]. �gBy�gcontrast,�gmore�ggreen�gsolutions�gcould�gbe�g
implemented�gin�gcity �gcentres�gin�gthe�gfuture, �gsuch�gas�greplacing�gpavements�g
with �ggrass,�ginstalling �gvertical �ggardens,�gand�ggreen�groofs,�gwhich �gmay�g
mitigate �gthe�gurban�gheat�geffect.�gConversely,�gthe�gcity's�gexpansion�gmay�g
lead�gto�gthe�goutskirts �gbecoming�gdenser�gas�gthe�gcity �gcontinues�gto�g�ggrow.�g

Therefore,�git �gis�gassumed�gthat �gthe�gurban�gheat�geffect�gwill �gremain�gat�ga�g
similar �glevel�gin�gthe�gcity �gcentre,�gbut�gmight �gget�gmore�gpronounced�gin�gareas�g
that �gare�gcurrently �gbeing�gdeveloped�gor�gare�gonly �gaffected�gto�ga�glimited �g
extent�g[ 15].

Climate�gscenarios�gprovide �gprojections�gin�grelation �gto�gGWLs�gusing�g30-
year�gslices.�gTime�gof�greaching�ga�gcertain�gGWL�gdepends�gon�gthe�gemission�g
scenario�gand�gclimate�gmitigation �gmeasures�g(SSP).�gHence,�git �gis�gnot�gpossi-
ble�gto�gcommunicate�gthe�gprojected�gchanges�gat�ga�ggiven�gtimescale,�gsince�g
each�gclimate�gmodel�gprojects�ga�ggiven�glevel�gof�gwarming �gto�gbe�greached�gin�g
a�gdifferent �gsimulation �gyear.�gMoreover,�gonly �gthree�gGWLs�gwere�ganalysed�g
here�gin�gdetail: �gGWL1.5,�gGWL2.0,�gand�gGWL3.0.�gHowever,�gthese�gdo�g
not�gcover�gall �gpossible�gfuture �gwarming �gscenarios.�gFurthermore,�gGWL3.0�g
should�gnot�gbe�gconsidered�gas�gthe�gmost�gextreme�gwarming �gscenario.�gHigher�g
levels�gof�gwarming, �gi.e.,�gGWL>3.0,�gmight �gbe�greached�gin�gthe�gfuture, �g
depending�gon�gthe�gpolicy �gstrategy�gand�gmitigation �gmeasures.�gSeveral�g
climate�gmodels�gused�gin�gthis�gstudy�gproject�ga�gwarming �gat�glevels�greaching�g
GWL4.0�gor�geven�ghigher�gwithin �gthe�gsimulation �gperiod�g[ 28].

Next,�gthe�gsame�gthresholds�gfor �gheat�gwarning �gdays�ghave�gbeen�gapplied�g
to�gboth�gtoday's�gclimate�gand�gthe�gwarmer�gclimate�gof�gthe�gfuture, �gas�gwell �g
as�gto�gurban�gand�grural �glocations.�gThese�gthresholds�ghave�gbeen�gestablished�g
in�grelation �gto�gthe�gcurrent �gclimate.�gThe�gprojected�gdays�gresulting �gfrom �g
heat�gwarnings�gare�gtheoretical. �gThey�gdo�gnot�gequate�gto�gactual�gissued�g
warning �gdays.�gThese�gdays�gshould�galert�gthe�gpublic �gto�gthe�gincreased�g
expected�gexposure�gto�gheat.�gHowever,�git �gis�gnot�gideal�gto�ghave�ga�gheat�g
warning �gthroughout �gthe�gentire�gsummer,�gas�gthis�ginformation �gis�gno�glonger�g
informative �gfor �gthe�gpublic. �gTherefore,�gin�ga�gwarmer�gworld, �gthe�gwarning �g
days�gthresholds�gmay�gneed�gto�gbe�gadjusted�gto�gbetter�grepresent�gthe�gwarmer�g
climate.�gAlso,�gbecause�gpeople�gin�ga�gwarmer�gworld �gmight �gbetter�gadapt�g
to�ghigher�gtemperatures,�genabling�gthem�gto�gbetter�gcope�gwith �gintense�g
heat�g[ 63]. �gDespite�gthis,�gtemperature-related�gmortality �grates�ghave�gbeen�g
shown�gto�gincrease�galso�gin�gregions�gaccustomed�gto�gheatwaves�gwhen�g
temperatures�gbecome�gextreme�g[ 64]. �gDespite�ga�ghigher�gtolerance�gto�gheat,�g
it �gis�gprojected�gthat �gheat-related�gmortality �gin�gEurope�gwill �gbe�gup�gto�gthree�g
times�ghigher�gat�gGWL3.0�gthan�gat�gGWL1.5�g[ 65]. �gMoreover,�gthe�ghuman�g
ability �gto�gadapt�gto�gheat�gis�ga�gmulti-dimensional �gprocess�gthat �gdepends�g
on�gmany�gindividual �g(health, �glife-style, �ggender,�gage)�gas�gwell �gas�gsocial�g
or�ggeographical�gfactors�g[ 66].

Finally, �gexposure�gto�gheat�gis�gassessed�gfrom �gtoday's�gperspective�gand�g
today's�gpolicy. �gEffective�gurban�gplanning �gand�gpolicy �gimplications �gcould�g
reduce�gthe�gimpact�gof�gfuture �gclimate-induced �gheat�gexposure�gto�gsome�g
extent.�gThe�gEuropean�gCommission�gregularly �gpublishes�gpolicy �grecom-
mendations�gto�ghelp�gcities�gmitigate �gand�gadapt�gto�ga�gwarming �gclimate�gby�g
increasing�gtheir �goverall �gresilience.�gAmong�gothers,�gthe�gdeployment�gof�g
urban�ggreen�gand�gblue�ginfrastructures �gis�gregarded�gas�gone�gof�gthe�gmost�g
effective�gmeasures�gto�gcounteract�gthe�gimpacts�gof�gurban�gheat�g[ 12]. �gFur-
ther�grecommendations�ginclude�gimplementing �gtargeted�gsolutions�gin�gthe�g
most�gvulnerable�gareas,�gas�gdecisions�gabout�gwhere�gto�gimplement �gurban�g
greening�gdepend�gon�gthe�gurban�gmorphology �gand�gpopulation �gdistribution �g
within �gthe�gcity. �gOptimally �gdesigned�gurban�ggreening�gmay�greduce�gheat�g
exposure�gand�genhance�ga�gcity's�gadaptive�gcapacity.

In�gaddition, �gin�ga�gwarmer�gclimate,�gmore�gbuildings �gmay�gbe�gequipped�g
with �gcooling�gsystems�gto�gbetter�gcope�gwith �gintense�gheat�gat�gday�gand�gnight. �g
Intense�gcooling�gdown�gof�goverheated�gcities�gmay,�ghowever,�gput�gthe�genergy�g
sector�gunder�ggreater�gstrain�gdue�gto�gthe�gincreased�gdemand�gfor �gcooling�g
buildings �g(offices,�gpublic �gspaces,�ghospitals,�gand�gprivate �ghouses),�gas�gwell �g
as�gpublic �gtransport, �gin�gresponse�gto�ghigher�gtemperatures.�gThe�goptimal �g
configuration �gof�gurban�gcanyons�gmay�gsignificantly �gimprove �gthe�glocal�gmi-
croclimate, �gwhich �ghas�gdirect �gimplications �gfor �goutdoor �gthermal �gcomfort �g
and�genergy�gdemands�gfor �gcooling�gbuildings �g[ 52]. �gDemand�gfor �gcooling�g
buildings �ghas�galso�gbeen�gshown�gto�gdepend�gmore�gon�gthe�ggeographical�g
location �g(and�gclimate) �grather�gthan�gon�gcity �gsize�gand�gpopulation �g[ 12]. �gIt �g
is�gtherefore�gto�gbe�gexpected�gthat, �gin�ga�gwarmer�gclimate,�git �gwill �gintensify �g
even�gmore�gin�glocations�gwhere�gdemand�gis�galready�ghigh,�gsuch�gas�gSouthern�g
Europe.
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4.6.�gAdded�gvalue�gof�gthe�gnewer�gscenario�ggeneration�gfor�gheat�gexposure

The�gresults�gpresented�ghere�gare�gbased�gon�gthe�glatest�ggeneration�gof�g
Swiss�gclimate�gscenarios,�gi.e.,�gClimate�gCH2025�g[ 28]. �gCompared�gto�gthe�g
previous�ggeneration,�gCH2018,�gthey�grely �gon�gnewer�gclimate�gmodel�ggen-
eration�g(CMPI5�gRegional�gClimate�gModels�gcoupled�gwith �gCMPI6�gGlobal�g
Climate�gModels)�gto�gprovide �gmore�gdetailed�gsimulations�gof�gpossible�gfuture �g
climates.�gThese�gsimulations�ghave�ga�ghigher�gspatial�gresolution �gof�g11�gkm�g
and�gare�gdownscaled�gto�ga�g1�g• �g1�gkm�ggrid �g(DAILY-GRIDDED),�gwhich �g
better�gresolves�gSwitzerland's�gcomplex�gorography.�gThey�gare�gbased�gon�ga�g
longer�gobservation�gperiod,�gincluding �grecent�gyears.�gThis�gis�gparticularly �g
important �gfor �gcity �gstations,�gas�gtheir �grecords�gcould�ghave�gbeen�gextended�g
by�gan�gadditional �gsix�gto�geight�gyears�gof�gthe�gmost�grecent�gdata.�gThis�genabled�g
two �gcity �gstations�g(Lausanne�gand�gZurich) �gto�gbe�gdirectly �gquantile �gmapped,�g
i.e.,�gwithout �gthe�gtransfer�gfunction �gbeing�gapplied�gfrom �grural �gto�gurban�g
stations.

Climate�gCH2025�ghas�galso�gbeen�gdemonstrated�gto�gprovide �ga�gmore�greli-
able�gprojection �gof�gthe�gexpected�gwarming �gin�gSwitzerland�gthan�gCH2018,�g
which �gwas�greported�gto�gunderestimate�gthe�gextent�gof�gwarming. �gIndeed,
Climate�gCH2025�gprojects�ga�ghigher�gwarming �gof�gabout�g0.1�gto�g0.4�g◦C�gin�g
Switzerland�gcompared�gto�gCH2018�g[ 28]. �gThis�gsimulated�ghigher�gwarming �g
accelerates�gprojected�gheat�gexposure�gin�gSwitzerland�gand�gin�gSwiss�gcities,�g
as�gcompared�gto�gthe�gstudy�gbased�gon�gprevious�gscenarios�g[ 43]. �gIn�gthis�g
sense,�gClimate�gCH2025�gprovides�gnewer�gand�gmore�gsolid�ginsight �ginto �gwhat �g
the�gfuture �gclimate�gin�gSwiss�gcities�gmight �glook�glike. �gHowever,�ga�gdirect �g
comparison�gof�gindex�gvalues�gbetween�gthese�gtwo �ggenerations�gof�gscenarios�g
is�gnot�gpossible.�gWhile �gCH2018�gwas�gbased�gon�gfixed�gtime �gperiods,�gClimate
CH2025�grelies�gon�ga�gglobal�gwarming �glevel�g(GWL)�gframework. �gUsing�g
GWLs�ginstead�gof�gfixed�gtime �gperiods�gclearly�genables�ga�gmore�gdirect �g
link �gbetween�gpossible�gfuture �gclimate�gwarming �gand�gclimate�gpolicy �gand�g
mitigation �gstrategies.

5.�gConclusions

The�gClimate�gCH2025�gscenarios�greveal�gthat, �gin�ga�gwarming �gclimate�g
exposure�gto�gheat�gwill �gincrease�gin�gthe�gfive�glargest�gcities�gof�gSwitzerland.�g
In�ga�g3�g◦C�gwarmer�gworld, �gthree�gto�gfour �gheatwaves�gper�gyear�gare�gto�gbe�g
expected�gon�gaverage,�gwhereas�gin�gthe�gcurrent �gclimate�gonly �gone�gheatwave�g
is�gobserved.�gCity�gcentres�gwill �gbe�gmore�gseverely�gaffected�gby�gintense�gheat�g
than�gtheir �grural �gsurroundings�gwith �gheatwaves�glasting�gtwo �gto�gfour �gdays�g
longer�gin�gcity �gcentres�gthan�gthose�gin�gmore�grural �gareas.�gFurthermore,�gtwo �g
out�gof�gfour �gof�gthese�gheatwaves�gwill �greach�gwarning �glevel�g4�g(the�ghighest�g
level�gcurrently �gdefined)�gin�gcity �gcentres.�gIn�grural �gareas,�ghowever,�gonly �g
one�gin�gthree�gheatwaves�gwill �greach�gthis�gwarning �glevel.�gDuring �gthese�g
heatwaves,�gtemperatures�gwill �gremain�ghigh�gboth�gat�gday�gand�gnight �gwith �g
city �gcentres�gstaying�gone�gto�gtwo �g◦C�gdegrees�ghotter �gthan�gsurroundings.�g
Consequently,�ga�glack�gof�gnighttime �gcooling�gmay�gcause�gcities�gto�goverheat,�g
i.e.,�gwhen�gtemperatures�gremain�gextreme�ghigh�gduring �ga�glong�gperiod.�gIn�ga�g
1.5�g◦C�gwarmer�gworld, �gthese�gperiods�gof�gextremely�ghigh�gday-�gand�gnight-
time �gtemperatures�gmay�glast�gfor �gthe�gentire�gwarmest�gseven-day�gperiod�g
and,�gin�ga�g3�g◦C�gwarmer�gworld, �geven�gduring �gthe�gentire�gwarmest�g21-
day�gperiod�gof�gthe�gwarmest�gsummer.�gMoreover,�ga�gwarming �gclimate�gwill �g
generate�gmultiple �grisks�gresulting �gfrom �gincreasing�gheat�gexposure�gin�gcities,�g
and�gan�gageing�gEuropean�gpopulation. �gThis�gwill �ggenerally�gput�gcitizens�g
at�ghigh�grisk�gof�gheat-related�gillness.�gTherefore,�gaccurate�gheat�gwarning �g
system�gand�gsufficient �gmitigation �gand�gadaption�gmeasures�gare�gneeded�gto�g
increase�gresilience�gand�gadaptive�gcapacity�gof�gcities�gand�gto�galert�gthe�gpublic �g
in�gadvance�gfor �gupcoming�gheatwaves.
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Appendix �gA.�gClimate �gmodels

The�gclimate�gmodels�gfor �geach�gglobal�gwarming �glevel�gused�gin�gthis�gstudy�g
are�gpresented�gin�gTable�g�gA.3.

Appendix �gB.�gWorst-case �gwarmest �gsummer �gweek �gat �gGWL2.0

The�gworst-case�gscenarios�gof�gthe�gwarmest�gseven-day�gperiods�gfor �g
global�gwarming �glevel�g2.0�gare�gpresented�gin�gFigs.�g�gB.12 and B.13.

Table �gA.3
Climate�gmodels�gRCM-GCM�gpairs�gused�gin�gthe�gstudy.

�gRCM-GCM�gpair GWL1.5 GWL2.0 GWL3.0 �g
�gCLMCOM-CCLM4-CCCMA SSP5-8.5 SSP5-8.5 SSP5-8.5�g
�gCLMCOM-CCLM4-ECEARTH SSP1-2.6 SSP2-4.5 SSP5-8.5�g
�gCLMCOM-CCLM4-HADGEM SSP2-4.5 SSP2-4.5 SSP2-4.5�g
�gCLMCOM-CCLM4-MIROC SSP5-8.5 SSP5-8.5 SSP5-8.5�g
�gCLMCOM-CCLM4-MPIESM SSP2-4.5 SSP5-8.5 � �g
�gCNRM-ALADIN-CNRM SSP1-2.6 SSP1-2.6 SSP5-8.5�g
�gCNRM-ALADIN-HADGEM SSP5-8.5 SSP5-8.5 SSP5-8.5�g
�gCNRM-ALADIN-MPIESM SSP5-8.5 SSP5-8.5 SSP5-8.5�g
�gCNRM-ALADIN-NORESM SSP5-8.5 SSP5-8.5 SSP5-8.5�g
�gDMI-HIRHAM-ECEARTH SSP1-2.6 SSP2-4.5 SSP5-8.5�g
�gDMI-HIRHAM-HADGEM SSP1-2.6 SSP1-2.6 SSP2-4.5�g
�gGERICS-REMO-CNRM SSP1-2.6 SSP5-8.5 SSP5-8.5�g
�gICTP-REGCM-HADGEM SSP1-2.6 SSP1-2.6 SSP5-8.5�g
�gIPSL-WRF-IPSL SSP2-4.5 SSP2-4.5 SSP5-8.5�g
�gMOHC-HADREM-CNRM SSP5-8.5 SSP5-8.5 SSP5-8.5�g
�gMOHC-HADREM-ECEARTH SSP5-8.5 SSP5-8.5 SSP5-8.5�g
�gMOHC-HADREM-HADGEM SSP1-2.6 SSP5-8.5 SSP5-8.5�g
�gMOHC-HADREM-MPIESM SSP5-8.5 SSP5-8.5 SSP5-8.5�g
�gMOHC-HADREM-NORESM SSP5-8.5 SSP5-8.5 SSP5-8.5�g
�gMPICSC-REMO1-MPIESM SSP1-2.6 SSP5-8.5 � �g
�gMPICSC-REMO2-MPIESM SSP2-4.5 SSP2-4.5 SSP5-8.5�g
�gSMHI-RCA-ECEARTH SSP1-2.6 SSP2-4.5 SSP5-8.5�g
�gSMHI-RCA-HADGEM SSP2-4.5 SSP2-4.5 SSP5-8.5�g
�gSMHI-RCA-IPSL SSP2-4.5 SSP2-4.5 SSP5-8.5�g
�gSMHI-RCA-MPIESM SSP1-2.6 SSP2-4.5 SSP5-8.5�g
�gSMHI-RCA-NORESM SSP1-2.6 SSP2-4.5 SSP5-8.5�g
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Fig.�gB.12. �gThe�gwarmest�gweek�gin�ga�g2.0�g◦C�gwarmer�gworld �g(GWL2.0)�gin�gfive�gSwiss�gcities�gat�grural �g(a)�gand�gurban�g(b)�gstations�gas�gsimulated�gby�gdifferent �gclimate�gmodels.�g
In�gaddition �gto�gthe�gseven-day�gperiod,�gthe�gseven�gdays�gbefore�gand�gafter�gare�galso�gplotted.

Fig.�gB.13. �gDevelopment�gof�gtemperature�gduring �gthe�gworst-case�gscenario�gat�grural �g(dashed�gline) �gand�gurban�g(solid�gline) �gstations,�gthe�gwarmest�gweek�gof�gall�gclimate�g
models,�gin�ga�g3.0�g◦C�gwarmer�gworld �g(GWL2.0)�gin�gfive�gSwiss�gcities.�gIn�gaddition �gto�gthe�gseven-day�gperiod,�gthe�gseven�gdays�gbefore�gand�gafter�gare�galso�gplotted.

Data�gavailability

Data�gis�gfreely�gavailable�gas�ga�gpart�gof�gthe�gOpen�gGovernment�gData�g
at:�ghttps://opendatadocs.meteoswiss.ch/de/c-climate-data .�gThe�gcode�gis�g
available�gat�grequest�gfrom �gthe�gcorresponding�gauthor.
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