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Whoshouldreadthisreport?
Theintendedaudienceofthisdocumentare:

LocalandRegional PublicAuthorities  ,toincreasetheknowledge baseandtheawareness oflocaland
regionalpublicadministratorsonthisspecificasp  ectofclimatechangeintheAlpineterritoriesthe yare
responsiblefor.

LocalandRegionalDMOs ,toincrease theirunderstanding ofthe systemicn ature ofthelack of snow
coverageandgivethemthefirsnecessaryinformat iontoconsidertakingfuturetransitionstepstoi ncrease
theresilienceofAlpineSnowTourismDestinations.

TourismSMEs ,toincreasetheknowledgebaseandtheawareness onthisspecificaspectofclimatechange
impactingontheiractivities,andtopreparethem forthechallengesandthenecessaryenhancementof
climateandsocio-economicresiliencethroughsusta inabledevelopmentalternatives.

LocalcommunitiesofSTDs ,becausetheyarealsonegativelyimpactedbyincr easinglackofsnowandthe
diminishmentoftheattractivenessofskiing.Byre adingthisdocumentand,inparticular itstextual summary
andinfographics,STDscitizenscanincreasetheir  knowledgeoftheproblemandtheirawareness.

Thisreportaimsatexplaininginsimplewordsthe basicandsomeadvancedfeaturesoftheeffectsof climate
changeontheAlpineSpaceSmallTourismDestinatio  ns,withspecificfocusonthelackofsnowcoverag e.As
ClimateChangeisaverycomplexissue,noteveryf eaturemaybeexplainedinthisdocument.

Thispublicationisavailableontheprojectwebsit e https://www.alpine-space.eu/project/beyondsnow/

Publicationdate:April2023

©BeyondSnow,2023.Allrightsreserved.Useofthi spublicationissubjecttothetermsandcondition sof
usepublishedontheprojectwebsite.Briefexcerpt smaybereproducedortranslatedprovidedthesour ceis
stated. !
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MissionStatements

Toprovideanoverviewonthemaineffectsofclima  techange(CC)onthe
AlpineSpacesmallSnowTourismDestinationscurren tlyaffectedorthatwill
beaffectedinthefuturebylackofsnowcoverage.

Disclaimer

Theinformationandperspectivessetoutinthispu blicationarethoseoftheauthorsanddonotneces sarily
reflect the official opinion of the European Commis sion or the Project PartnersO regions. Neither the
EuropeanCommissioninstitutionsandbodiesnorany  personactingontheirbehalfmaybeheldresponsi ble
fortheusethatmaybemadeoftheinformationcon tainedtherein.Reproductionisauthorized provide  dthe

sourceisacknowledged(BeyondSnow(2023).Reporto  ntheeffectsofClimateChangeontheAlpineSpace
SnowTourismDestinations),unlessotherwisestated .Foruse/reproductionotthird-partymaterialspec ified
assuch permissionmustbeobtainedfromthecopyr ight.Someinfographicshavebeendesignedusingas sets
fromFreepik.com.Tolearnmoreandtodownloadadd itionalresourcespleaserefertotheProjectwebsi te
https://www.alpine-space.eu/project/beyondsnow/ . The information is provided without assuming any

legalresponsibilityforcorrectnessorcompletenes  s.Thedatapresentedinthispublicationarebased onthe
informationprovidedbytheProjectPartners.
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Acronymsusedinthisreport

BeyondSnow-specificacronymsare bold.

Acronym Meaning

ALPCONV AlpineConvention

AS AlpineSpace

CcC ClimateChange

CO2 Carbondioxide

DMO DestinationManagementOrganisation
EAWS EuropeanAvalancheWarningServices

EC EuropeanCommission

EEA EuropeanEnvironmentAgency

ES EcosystemServices

EU EuropeanUnion

EUSALP EU-StrategyfortheAlpineRegion

GHGs Greenhousegases

IPCC IntergovernmentalPanelonClimateChange
OECD OrganisationforEconomicCo-operationandDevelopm  ent
PWA PilotWorkingAreas

RAM ResilienceAdaptationModel

RCP RepresentativeConcentrationPathways
RDMDT ResilienceDecision-MakingDigitalTool
SME SmallandMedium-sizedEnterprises

STD SnowTourismDestination

SWT Snowé&WinterTourism

UN UnitedNations

UNFCCC UnitedFrameworkConventiononClimateChange
WMO WorldMeteorologicalOrganization
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1 Introductionandbackground

Accordingtothelntergovernmental PanelonClimate Change(IPCC,2021) thereisnodoubtwhatthe

causesofglobalwarmingare:humanactivities ,startingwiththeburningoffossilfuelssuchas coal,oiland
gas.Representativesoftheworkinggroupalsocomm  entedonthedatapointingoutthat'currentnegati ve
trendsareinnowaycompatiblewithastabilisatio nofglobalwarming'(Adaoust,2023).

IntheAlps ,hometoaboutl4millionpeople,30,000animalsp eciesand13,000plantspecies, thetrends
relatedtoCCareoccurringatafasterpacethane Isewheremakingthemmorevulnerable  .Accordingto
theAlpineConvention(2017)Osincethelate19  Mcenturytemperatureshaverisenbyalmost2;C,ar ate

abouttwiceaslargeasthenorthernhemisphereave rageO.

Inrecent years, the Snow & Winter Tourism (SWT) sectorinth e European Alps , asin many other
mountainousareasoftheworld,hasbeendealingwi thdifferentandinsomecaseshighlychallengingt rends.
Ontheonehand,a decreaseinthesnow-reliability —hasbeenobserved,pairedwithan  observabledecrease

oftheattractivenessoftheskisectorinsomeare asduetosocialanddemographicchanges.Nexttoa slight
decreaseofthenumberofskiers,alsotheilength ofstaydiminisheseveryyear. Dammetal.(2017) estimate
alossinwinterovernightstaysrelatedtoskitou risminEuropeofupto10.1millionnightsperwin terinthe

upcomingyears.Ontheotherhand, somesnow-relatedactivities ,suchascross-countryskiingaswellas
snowandsnowshoehiking, haveseenanincreaseintheirpopularity .Furthermore,the2jCtemperature
increasethattheAlpshaveexperiencedsincetheb eginningofthe20 "centuryandtherelated decreasein
snowcoveragehavesignificantlyshortenedthesnow season(38daysbetween1960and2017,according
toKluger(2018)andincreasedthecostsoftechnic alsnowmaking.ltseemsthatanimprovementofthe

situationinthefutureishighlyimprobable. Scientistsestimatedthatby2100thetemperaturei ntheAlps
wilincreasebyl-2;Cifemissionsarekeptiow(R CP2.6),andby5-6GejCintheworst-casescenario (RCP
8.5) Overthesameperiod,snowheightreliabilitymay increasebeyond2,400mabovesealevel.

CensusessuchasthosecarriedoutwiththeONevedi  versaOdossierbylLegambiente(2023)onthestateo  f

healthoftheskiresortsintheltalianmountains describeaparticularlycomplexsituationwhereaba  ndoned
or closed facilities or those that survive solely w ith strong injections of public money are increasin gly
frequent. Thesector,whichinthepasthasbeenon eofthepillarsofAlpinetourism, stillprovides work
opportunitiestoalargenumberofpeopleandsusta instheeconomiesofamultitudeofcommunitiesand
tourismdestinations. Asthe economicviability of skitourisminthe Alpsriskstofalter,thelarges tand
highestskitourismdestinationstrytodifferentia tetheiroffer,whilestillfocusingonmasstouris mandon

skiingoffersabove2,000m.Thesituationisvery differentinthesmaller lower-altitudeones. !
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1.1 Envisioningagreenandclimate-resilientalpinere gion
Ahighnumberofsmall-mediumaltitudesnowtourism destinations(hereinafterSTDs)scatteredacrosst  he
Alpsface the problems of lack of snow coverage, an increased dependency on technical snowmaking,
outdated(ski)infrastructureandaccommodationfac ilitiesinrneedofrenovation.Thesechallengestra  nslate,
amongothers,intoahighprobabilityofnotbeing abletoamortizethenecessaryinvestments.SomeST  Ds
arepartnersorhaveactivatedoneofthepartners ofthelnterregAlpineSpaceproject'BeyondSnow",  which

aimsatelaboratingconcreteresponsestospecific  territorialneeds.

ThePilotWorkingAreas(hereinafterPWAs)ofthep rojectcomprise 10differentdestinationsandtheir
relatedcommunities,encompassingdifferentsizes, levelsofdevelopmentandcriticalities(Figurel).  Some
ofthemhavealreadystarteddifferentadaptationp aths,othersstillneedtodevelopthem.Butallof them
canbenefitfromatransnationalcooperation,knowl edge-exchange,learningfromeachotherregardingt  he
concreteimpacts of CC aswellasthe mitigationan dadaptationmeasuresthatcanbeelaborated and
implemented. Theresultsoftheircooperationfocus ingonthehighlightedchallengingissueswillbene  fit
manyothersimilartourismdestinationsintheAlpi neSpacearea.

A transition towards new, more sustainable tourism development models focusing on preserving and
valorisingterritorialassets,uniquetouristexper  iencesbasedonnaturalandculturalheritageaswe llasa

moreefficientspatialandtemporaldistributionof tourismassets(supportingtransitionfromseasona  Ito
year-roundtourism)andimproved,future-orientedan  dsustainableinfrastructuremanagementcouldhelp
relaunchthesechallengedeconomieswhilestrengthe ningthelocalcommunitiesandtheattractivenesso f

theseareas.
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1.2 Keydefinitions

Thissubchapteraimsatprovidingthereaderwitha commonsetofkeydefinitionsandexplanations,wh ich
willbeutilizedthroughoutthepresentreportasw ellastheASproject"BeyondSnow".Sincesomeoft he
conceptsarecloselyrelated,thekeydefinitionsa  renotlistedalphabetically, butthematically.

Climate

Climatereferstothelong-termaverageweathercon ditionsprevailinginaspecificarea.Thestandard  time
spanemployedbytheWorldMeteorologicalOrganizat iontodefineandassessclimateisathree-decade
period (WMO, 2023b), depicting climate asthe mean weather patternsspanning 30years. Factorslike
temperature,precipitation,andwindcanbeexamine  dtoascertainfundamentalattributesoftheprevai ling
climaticstateduringvarioustimeperiodsandtop inpointchangesacrossdistincttimespans.

ClimateChange(CC)

TheUNdefinesclimate changeas"long-termshifts intemperaturesandweatherpatterns”(UN, 2023),
indicatingthat,althoughtheseshiftscanbealso ofnaturalorigin,anthropogenicactivitieshavebe  enoneof
the maindriverssince the 1800s (seealso (IPCC, 2 022). Accordingto the United Nations Framework
ConventiononClimateChange(UNFCCC),CCoccursOi nadditiontonaturalclimatevariabilityobserved
overcomparabletime periodsO (UNFCCC,2023).CCis  causedbyalterationstothe compositionofthe
EarthOsatmosphere inparticular throughemission sofGHGssuchasCO2 ,andthroughchangestothel and,
suchasthroughdeforestationandlandconversions.

Globaltemperatureandwarming

Globaltemperatureismeasuredoycombiningmeasure  mentsofnear-surfaceairtemperaturefromweather
stations,satellitemeasurementsandoceansurface temperatures(Hansenetal.,2006).Intheearly19 60s
scientistsrecognizedthatcarbondioxideinthe at mospherewasincreasing. Latertheydiscoveredthat
methane nitrousoxideandothergaseswererising.  BecausethesegasestrapheatandwarmtheEarth, asa
greenhousetrapsheatfromthesun,scientistsconc  ludedthatincreasinglevelsofOgreenhousegasesO would
increaseglobalwarming.AccordingtotheWorldMet eorologicalOrganization(WMO) theyearsfrom2015
t02022havebeenidentifiedastheeightyearswit hthewarmestglobaltemperaturesincethebeginnin gof
theobservationsinthemid-19thcentury(atleast 1jCabovepre-industriallevels)(WMO,2023a).

10
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Greenhousegases(GHGS)

Greenhousegasesencompassatmosphericgases,both ofnaturaloriginandhuman-made,whichhavethe
ability to absorb and release radiation at particul arwavelengths found within the range of terrestria I
radiationemittedbytheEarth'ssurface,theatmos phere,andclouds. Thischaracteristicgivesriset  othe
greenhouseeffect.Themaingreenhousegasesarewa tervapor(H20),carbondioxide(CO2),nitrousoxid e
(N20), methane (CH4) and ozone (O3) (Non-fluorinate  d gases) (European Commission, 2021). The
fluorinatedorman-madeGHGscomprisehydrofluoroca  rbons(HFCs),perfluorocarbons(PFCs),andsulfur
hexafluoride(SF6).Humanactivitystronglyinfluen  cesthepresenceofthelattersincethesegasesin crease
fasterintheatmosphereastheydegrade(European Commission,2022).

GlobalWarmingPotential(GWP)

TheGlobalWarmingPotential GWP)referstotheab ilityofdifferentGHGstoabsorbenergycomparedt o]
CO2overaspecifiedperiodoftime,usuallymeasur edbetween20and100years.Furthermore itconsid ers
alsotheirdifferentatmosphericresidencetimes,n ~ amelythedifferentratesatwhichtheyareremoved from
theatmosphere.Foreachtimeperiod,CO2isalways  setatO10 andotherGHGsarecompareditforthe same
timeframe.Forexample thesulfurhexafluorideOs(  SF)GWPatlOyearsreaches24,300,meaningthatith as
24,300timesmorewarmingpotentiatthanCO2within thesametimeframe(Shietal.,2023).

Risk

Risk means any potential for adverse consequencesf  orhuman or ecological systems, recognizing the
diversityofvaluesandobjectivesassociatedwith suchsystems(IPCC,2022).AccordingtothelPCC,t  he
conceptofriskinthecontextofCChasseveralnu ances:

Il RiskscanarisefrompotentialimpactsofCCaswel lashumanresponsestoCC.

Il ConsideringCC impacts,risksresultfromdynamicinteractionsbetweencl imate-related hazards with
the exposure and vulnerability oftheaffectedsocio-economicorecologicalsystem  tothehazards.

Il Amorespecificdenotation,namelytheconceptofc ompoundrisks,isutilizedwhensuchinteractionsa  re
characterized by single extreme events or multiple coincident or sequential eventsthatimpactthe
exposedsystemsorsectors.

Il Hazards, exposure and vulnerability may eachbesub  jecttouncertainty interms of magnitude and
likelihoodofoccurrence.Eachmaychangeovertime  andspaceduetosocio-economicchangesaswellas
humandecision-makingandactions.

Il Regarding CC responses, risks can emerge fromthe potential for suchresp onsesnotachievingthe
intendedobjective(s),orfrompotentialtrade-offs  withornegativeside-effectson,otherenvironmen tal

11
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and/or societal objectives, such as the Sustainable  Development Goals (SDGs). Risks can arise for
examplefromuncertaintyintheimplementation, eff ectivenessoroutcomesofclimatepolicy,climate-
relatedinvestments,technologydevelopmentoradop  tion,andsystemtransitions.

Il Theremainingrisk,afteradaptationandmitigation effortshavebeenimplemented,iscalledO  residual
riskO.

Hazard

AccordingtolPCC(2022)'ahazardisthepotential occurrenceofanaturalorhuman-inducedphysical event
ortrendthatmaycauselossoflife,injuryoroth erhealthimpacts,aswellasdamageandlosstopr operty,
infrastructure, livelihoods, service provision, eco systems and environmental resources". Examples of
climatehazardscanbepersistentdroughts,intense  heatwaves,tropicalstorms,sealevelsriseandfl oods.

Impact

Animpactistheconsequenceofrealizedrisksonn aturalandhumansystems,whererisksresultfromt he
interaction of climate-related hazards (including e  xtreme weather/climate events), exposure, and
vulnerability.Impactsgenerallyrefertoeffectso nlives,livelihoods,healthandwell-being,ecosys temsand
species, economic, socialand culturalassets, serv ices(including ecosystemservices)andinfrastruct ure
(IPCC,2022).Impactsmaybereferredtoasconsequ  encesoroutcomesandcanbeadverseorbeneficial.
Whenanextremehazardgeneratesasequenceofseco  ndaryeventsthatresultinphysical,natural,soci alor
economic disruptions to natural and/orhumansystem s, this can be referredto as Ocascading impactO,
wherebytheresultingimpactissignificantlylarge rthantheinitialone.Cascadingimpactsarecompl exand
multi-dimensional,andtheyarecloselyconnectedt  othedegreeofsystemicvulnerability(IPCC,2022)

ClimateExposure

Climateexposureisthepresenceofdifferenteleme nts(suchaspeople,resources,environmentalservi  ces
andfunctions,infrastructures,andculturalassets )inplacesandsettingsthatcouldbeadverselyaf fectedby
climate-change-relatedevents(IPCC,2022).

ClimateSensitivity

Climate sensitivityisthe degreetowhichsystems orpartsthereofare eitheradverselyorbeneficially
affectedbyCC(IPCC,2022).

12
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ClimateVulnerability

Climatevulnerability, orvulnerabilitytoCC refe rstothedegreetowhichacommunityexperiencesh armas
aresultofchangesinclimateand/orthedegreeto whichnatural,built,andhumansystemsareatris kof
exposuretoCCimpacts.Thesecommunitiesmaybere  gional,sub-regional,national,sub-national,orot  her.
Vulnerability encapsulates socio-economic concerns, such as income levels, access to information,
education,socialsafetynetsandothermeaningful determinantsoftheresilienceofcommunities. Ita Iso
encompassesenvironmentalorso-called Obio-physica IOfactors, suchasgeographiclocation, topography
naturalresources vegetationetc.AcommunityOsvu  Inerabilitymaybedeterminedintrinsically forex ample,
throughalocalgovernmentOsaversiontocorruption ,orbyexogenousfactors,suchasglobalizedmarke  ts.
Vulnerablecommunitiesexperienceheightenedriska  ndincreasedsensitivitytoCCandhavelesscapaci  ty
andfewerresourcestocopewith,adaptto,orreco verfromclimateimpacts.Thesedisproportionateef ~ fects
are caused by physical (builtandenvironmental),s  ocial, political,and/oreconomicfactor(s),which  are
exacerbatedby climateimpacts. ThedefinitionofO  vulnerabilityOusedherealignscloselywiththelP  CC
definition,termedO outcomevulnerability O.Thelatterimpliesthathigherevelsotharmar einlargepartthe
outcomeothigherevelsofvulnerability.Converse  lyimpactsarelowerwherevulnerabilityisliower (FYssel,
2010;IPCC,2022).

Compoundclimateevents

Compoundclimateeventsresultfromthecomplexcom binationofdifferentclimatedriversand/orhazard S,
givingrisetoamplifiedimpactscomparedtowhatt hesingledriversand/orhazardsmighthavegenerat  ed
(Zscheischleretal.,2020).Theseinteractionscan  bespatiallyand/ortemporallyconcurrent,butthe ycan
alsotakeplaceatdifferentdimensionsandlevels addingupovertime.

Hydrologicalcycle

Hydrologiccycleistheprocessbywhichwatermove saroundtheearth.Thecycleincludesevaporation,
precipitation,runoff,condensation transpiration, andinfiltration.

SnowWaterEquivalent

Theheightofthewatercolumnifasnowsampleis melted(measuredinmillimetres),withreferenceto  the
samearea.Thewaterequivalentofa20cmsnowsam plewithameansnowdensityof100kg/m lis20mm.
Withadensityof500kg/m  !theequivalentofa20cmsnowsampleis100mmof water(EAWS,2023).

13
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2! ClimateChangeintheAlpineSpacearea

Snowisanimportantelementofthenaturalenviron mentinmanylow-,mid-andhigh-altitudemountain
regions around the world, such as the European Alps . Its presence or absence can have a range of
consequencesformanysocio-economicsectors.Inth  eAlps,CCoccursmorerapidlythaninlowlandarea S
andaffectsthelivingconditionsofl4millioninh abitants,30,000animalspeciesand13,000plantsp  ecies
(Alpine Convention,2021). The cryosphere, the distinctive and fundamentalelementofhighm ountain
regions, comprises snow, permafrost, glaciers, froz en lakes, and rivers. The effects of CC on these
environmentsareimpactingphysicalandbiological  systems,includinghumansystems.TheAlpineregion is
oneoftheworstaffectedareasthroughsignificant economic,social,andecologicaleffects.

Recentobservationsofsnowandglaciersshowagen  eraldeclineintheduration ofsnowcoveratlow
altitudesinrecentyears,withanaverageof5sno wcoverdaysperdecade.Asforglaciers,theirmas sis
estimatedtohaveretreatedofmorethanhalfofth eirvolumesincethe19 "century(EEA,2009;IPCC,
2022).Actually,thedeclineofsnow,glaciersand permafrosthasalsoalteredthefrequency,intensit  y,and
locationofmostrelatednaturalhazards.Inpartic ular theexpositionofpeopleandinfrastructuret onatural
hazardshasincreasedduetopopulationgrowth,tou rism,andsocio-economicdevelopment.Infact,glac  ier
retreat and permafrost thaw have reduced the stabil ity of mountain slopes and the integrity of
infrastructure.Moreover,CCisalteringsnowfallp atterns.Thereseemtobefewerdaysofsnowcover and
thesnowpackmeltsearlier.Furthermore therisko favalanchesintheAlpshasbeenincreasingsignif  icantly
(Zgheibetal.,2022)duetoinstabilityaccentuate dbyCCphenomena.

The Alps have often beenreferred to as Othe water tower of EuropeO (EEA, 2009) because of the key
contributionofalpineriverstopopulatedlowland waterresourcesinltaly, France, Germany,aswell as
Central and Eastern Europe. Snow is probably the la rgest single contributor to seasonal runoff in
hydrologicalbasinswhenthesnowpackreleaseswate  rduringthespringandsummerthroughmelting.lts
presenceathighelevationsuptothemiddle/endof thesummerensures,alongwithseasonalglacierme  It,a
sustaineddischargeinmostmountainriversevendu  ringprolongeddryspells(Haeberli&Beniston,199 8).

14



P Pperep Co-funded by N _
(1] ll.t:"eg the European Union Beyondasnow

Alpine Space

2.1 Generalecologicaleffects

Intermsofecosystemfunctioning,snowisamajor determinantformanyalpineplantspeciessincethe  timing
ofsnowmeltoftensignalstodormantplantsthebeg inningoftheannualvegetationcycle. TheEUWhite
PaperonAdaptation(EuropeanCommission,2009)nam  esmountainareas,inparticulartheAlps,asamong
themostvulnerableareastoCCinEurope.TheAlps haveundergoneanexceptionallyhightemperature
increaseofaround+2jCbetweenthelatel9 thandearly21 Stcentury,morethantwicetherateofwarming
averageoftheNorthernhemisphere(Aueretal.,20 07).Thesechangeshavealsoalteredtheamountand
seasonalityofriverflows withsignificanimpact sonwaterresourcemanagementhydropowerproducti  vity
aswellasagricultural activities. Astemperatures rise, glaciers are melting, resulting inreduced w ater
availabilityinthesummermonths,affectinglocal agricultureandlivestockfarming.

Thedecreaseinsnowcoverisalsoleadingtowards areductioninsoilhumidity,whichcanhavelong-t erm
implications for vegetation and wildlife. The incre ase in extreme weather events, such as floods and
landslides,iscausingsignificantdamagetoforest s resultinginlossofbiodiversityandhabitatfo rwildlife.In
terms of biodiversity, the composition and quantity of species have changed considerably in alpine
ecosystems:habitatsfortheestablishmentofprevi  ouslyabsentspecieshaveopenedorhavebeenalter  ed
asaresultofreducedsnowcover retreatingglaci ersandthawingpermafrost.Thiscannegativelyinf ~ luence
the reproductive capacity of traditional animal and plant species, foraging and the predator-prey
relationships.Themigrationofsomespeciestohig  heraltitudesinfluencedbyCChasoftenincreased the
numberoflocalendemicspecieswithconsequenceso  ntheimpactofecosystemservices(hereinafterES)  on
supply,regulation,andculture.lnaddition,drier ~ andwarmerconditionsincreasedtheriskofforest fires,
seriouslyendangeringalpineforests.

2.2!  Generalsocio-economiceffects

CCsignificantlyinfluencesalsotheeconomicspher  eofmanyinhabitedareaswhichdepend,toalarge
extent,onthetourismandwintersportssector. Th eimplicationsare alreadybecomingevidentdueto
reduced snowfalland ashortening ofthe skiseason ,whichhasledtoadecreaseintourismrevenues,
oftentimesresultinginjoblossesandeconomichar  dshipforlocalcommunities. Theincreaseinextrem e
weatherevents,suchasfloodsandliandslides,has  alsodamagedinfrastructure resultinginsignifica  ntrepair
andmaintenancecosts.Moreover withthedecrease  inSWT |ocalcommunitiesareoftentimesexperienci  ng
adeclineinsocialcohesionaswellasthelossof traditionallifestylesandviability.
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2.3! TheClimateActionPlan

Fromagovernancepointofview,intheAlpsthema instrategicreferenceistheClimateActionPlan2 .Oof
theALPCON Vthatoperationalizestheobjectiveslai doutintheAlpineClimateTargetSystem2050(Alp ine
Convention,2019)andwasadoptedbytheXVIAlpine ConferenceinDecember2020.GHGemissionsinthe

Alpsaretobereducedby2050(AlpineConvention, 2021).TheAlpinestates,representingarichregio nat

the heartof Europe, albeit particularly sensitive torising temperatures, are called upontoimplemen t
measures in the field of energy efficiency and rene wable energies, and to develop a climate-neutral
economy.Thisvisionincludesinnovativeapproaches intermsoflifestylesandconsumptionpatternsan dthe
introductionofamoresustainableapproachinall economicsectors,aswellasinprivateactivities.

Inparticular,theClimateActionPlanseeksoutsy nergiesbetweendifferentactivitiesacrosssectors  and
borders,closingthegapsbetweenactionsandactiv  itiesinordertoaddressCC.SensitivitytoCCand its
effects must be included in long-term decision-maki  ng processes to minimise negative effects on
ecosystems, communities, and local/regionaleconomi es, andtoturnchallengesinto potential benefits.
Followingthisvision,theAlpsshouldadoptaproa ctiveandholisticapproach,focusingonsoftandg reen
adaptationmeasures ratherthandefensiveinfrastr  ucturalmeasures.Softinterventionsfocusingonr  aising
awarenessandimprovingadaptivecapacitiesatall  levels,willenablethedevelopmentofintelligent and
flexibleapproaches,inlinewithotherplanningan ddevelopmentprocesses.Forexample thetouristr ~ egions
shouldreflectonaspectsonewlifestylesandnew demand whileintegratingCCadaptationissuesint  otheir
planning processes. Ecological adaptation measures should focus on biodiversity, ecosystem-based
approaches,andgreeninfrastructures.

2.4! Mainimpacts

2.4.1 Impactsonsnowcover

Snowcoverinhigh-altituderegionshasstrongeffe ctsontheEarthOsclimate,environmentalprocesses ,and
socio-economicactivities.Overthelast50  ‘'years,theAlpsexperiencedareductionof5.6%per decadein
snowcoverduration,whichalreadyaffectsregions ~ whereeconomyandculturerevolve,toalargeexten t,
aroundwinteractivities(Carreretal.,2023).Sno wcoverintheAlpsisacomplexphenomenonthatva ries
fromyeartoyearduetothenaturalvariabilityof weatherpatterns,buttherearesomegeneraltrend sthat
havebeenobservedovertime.Inrecentdecadesthe rehasbeenadecreaseinsnowcoverinthe Alps,
especially at lower altitudes. Thisis largely due to the warming of temperatures, which causes more
precipitationtodropasraininsteadofsnowande arliermeltingofsnowpacks.
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Duringthe 20 ™ century significantchangesinamountand duration ofsnowoccurred, whichgenerally
exhibitalargedegreeofinterannualandinter-dec adalvariability.Observationaldatashowperiodso ~ fsnow-
richwinters(e.g.,inthe1960s)andsnow-poorsea sons(e.g.,fromthe1970sonwards,thelatterpart ofthe
1980s untilthe mid-1990s). Insome cases, particul ~ arly snowy winters seemto be correlated withthe

positive(orwarm)phaseoftheNorthAtlanticOsci llation(Benistonetal.,1997),althoughitisby nomeans
theonlyexplanatoryfactorforsnowvariabilityin theAlps.Forexample,Scherrer&Ksrner(2011)su ggest
thathalfofthevariabilityinAlpinesnowcover srelatedtotheestablishmentofblockingpatterns inEurope,
whicharenotalwaysrelatedtotheinfluenceofth eNorthAtlanticOscillation.
Asa'ruleofthumb’,theaveragesnowlinelevelri sesbyapproximatelyl50mperdegreeCelsius,impl ying
anupwardshiftinthesnowlineof300to600m.Ho wever,itshouldbenotedthatthissimpleconcept may

overestimatethesnowfalllimitrise,asitdoesno tconsidertheeffectoftemperatureinversionsand cooling
duetomeltingprecipitation(Unterstrasser&ZSngl ,2006).

Althoughchangesinprecipitationpatternsmayalso  influencetheabundanceandgeographicdistributio  nof

snow,severalstudieshaveemphasisedthefactthat  inawarmerclimate thetemperatureislikelyto bethe
dominantcontrolonsnowcover,andincreasedwinte rprecipitationwillnotcompensateforthelargel osses
in snow volume that higher temperatures willinduce .However, assessing snow behaviour in complex
topographiesmayalsoinvolveinterfacilitytechnig  uesthatallowtheestimationofsnowdepthanddur ation
ataverylocalscale.Studiesof(Stegeretal.,2 013),amongothers,havebeenshowntobeaveryef fective
toolforassessingsnowcoverintheAlps. Thegene ralconsensusimplies,thatalargereductioninsn ow
guantityanddurationbelowl,500maltitude,ande venabove2,000m,canbereasonablyexpectedinth e
nearfuture.

Forhigheraltitudes,anincreaseinprecipitation mighteadtomoresnowfallinthecentralwinterp eriod,but
thesnowseasonwillshortenbecauseofrisingtemp eratures.Herebysnowwillaccumulatelaterinfall and
meltearlierandatahigherrateinspring(Gobiet etal.,2014).Attheregionalscale ,theamounto fsnowwill
besignificantlyloweracrossallseasons,especial lyinspring.Bytheendofthecentury,snowcover could
experienceanelevationshiftof500to1,000m,th atis ,thesnowconditionsintheyear2100atane levation
of2,000mwillbeastheyaretodaybetweenl,000 andl,500m Ifclimatetargetsareachieved that is,global
warmingheldbelow?2;C, thiselevationshiftcould beconfinedto250-500m. AccordingtoMatiuetal.

(2021),snowcoverintheEuropeanAlpsdecreasedb  y18%between1971and2019.Thestudyrevealed
thatthisdeclinewasmostpronouncedatthelowest altitudes,witha34%decreaseinsnowcover,whil e
higheraltitudesexperiencedasmallerdeclineofa  bout11%.Thisreductioninsnowcoverhassignific ant
impactsontheAlpineecosystemandeconomies,incl  udingeffectsontourism,hydropowerproductionand
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waterresources.Furthermore,thedecreaseinsnow  covermayleadtoanincreasedriskofnaturalhaza rds
suchaslandslidesandavalanches(Gruberetal.,2  004;Martinetal.,2001).

GlacierretreatintheAlpshasseenanacceleratio ninrecentdecades,withsomeglacierslosingupt 03%0f
theirvolume eachyear. Since the mid-19th century, thetotalareacoveredbyglaciersinthe Alpshas

decreasedbymorethanhalfanditisestimatedtha tmostoftheremainingglacierscoulddisappearby the
end ofthe century if currentwarming trends contin ue. Thetrendof glacierretreathas already had a
significantimpactontheAlpineenvironment.Fore xample,thelossofglaciermasshascausedchanges in
riverflows, withincreased runoffinthe summermo nthsleadingtoahigherrisk offloodingandwater
shortagesinthedryseason.Thedisappearanceofy  laciershasalsohadastrongimpactontheunique alpine

ecosystemsthatdependontheseicefeaturesresul  tinginthelossofendemicspeciesandbiodiversit y(Hock
&Huss,2021;Salimetal.,2021).

Inaddition,glacierretreatposesasignificantri sktohumansettlementsinthe Alps.Meltingglacie rscan
destabilise steep slopesandincreasetherisk of| andslides androckfalls. Inaddition, theloss ofg lacial
meltwatercanaffecttheavailabilityofwaterfor irrigation,hydropoweranddrinkingwaterinmanyA Ipine
regions(Gruberetal.,2004).

2.4.2! Impactsontourism

TheAlpsareNaftertheMediterraneancoastNthe secondmostfavouredholidaydestinationinEurope
(EEA,2003) Morethan100millionguestsvisitthe Alpseveryyearn(Becken&Hay,2007) generatinga pprox.
386millioncommercialaswellas123millionnon-c ommercialovernightstays(Rothetal.,2016).Withi nthe

regionsoftheAS,15%ofthelabourforceisdirec tlyorindirectlyconnectedtothetourismsector( BAK,
2019).
Mountaintourismhastheadvantageofattractingdi versevisitorsthroughouttheyearthroughavariet yof

summer and winter activities, including mountaineer  ing, hiking, cycling and snow sports (e.g., skiing,
snowboarding,sledding)(Romeoetal.,2021).Inter  estingly,someoftheuniquefactorslimitingecono mic
developmentopportunitiesinthehighmountainsare whatattractsvisitorsoftheseregions(e.g.,nat ure,
wilderness,topography,remoteness,climaticcondit ions).Asalabour-intensivesectorwithseveralli nksin
theeconomicvaluechain,investmentsintourismfa  cilitiescanenhancemountainresourcesbyattracti  ng
visitorstomountaindestinations(Keller,2018).H owever,asmountaintourismfacilitiesandactiviti esrely
onalpineclimate,topography,landscapeandseason alcycles, CCishavingandwillcontinuetohavea n
impactoncurrentandfuturetourismdevelopmentin mountainregions,affectingalsothequalityofli feof
residentsintourism-dependentmountaincommunities  (Scottetal.,2012).
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Sincethe1970s SWT hasexpandedsubstantially. Wit hanannualturnoverof50billionEUR,the SWT
industrycontributessignificantlytotheAlp'seco nomy(OECD,2007).In2021 theAlpinecountriesco unted
atotalofl,643skiareas,themostpart(moretha n1,100)locatedinthe Alpswithmorethan10,000 ski
installations,85%ofwhichareinFrance,Switzer land,Austriaandltaly(Vanat,2022).

Beingarapidlygrowingsector,tourismhasalsoth epotentialfornegativelyimpactingtheenvironmen t,in
particularegardingwaterquantityandquality wa terconsumptionbytouriststendstobemuchhigher than
thatoflocalresidentsinholidaydestinationslea dingtoseriousproblemsindrysummerswithlowwa ter
regimes. In winter, technical snowmaking is current  ly the most widespread strategy to extend and
supplementnaturalsnowcoverandsecureSWT.Techn  icalsnowmakingisnotonlyverycostly,butalsoh as
knock-oneffectssuchasincreasedwaterconsumptio  nandenergydemandaswellasecologicaldamage,
whichmayleadtonegativeexternalities(Soboll& Schmude,2011).

Thisincludespotentialdisturbanceofthehydrolog  icalcycleforhabitatsofhighconservationvalue suchas
bogs,fensandwetlandsathighaltitude. Toserve all28,500haofskirunsthatusetechnicalsnowma king
equipment(whichis0.15%ofthetotalalpinearea) ,17D43millionm !ofadditionalwatersupplywouldbe
neededperyear(EEA,2003).Fortechnicalsnowmaki  ng,wateristakenfromnaturallakes,artificialw ater
reservoirs riversorgroundwaterinaperiodofth eyearwhenthewaterleveloftentimesisalreadyl ow.Due
tofutureCCeffects,conflictsbetweendrinkingwa tersupply,energyproduction,agricultureandtech  nical
snowmakingcanbeexpectedtoincrease(Reynard,20  20).

AsCCaccelerates,tourismprofessionalsoftenassu  methatwarmerweatherandlongersummerseasons
willleadtoasimpleshifttowardsincreasedsumme ractivitiesinthemountains(Steigeretal.,2022 ).Some
studies,particularlyinEurope,havedemonstrated  thisextensionofthesummertourismseason(Prsbst I-
Haideretal.,2021). However,thepresentreviewo fexistingclimateresearchfocusingonnature-base d
tourisminmountainregionsaroundtheworld,inclu ding-butnotlimitedto-hikingandtrekking,cl imbing,
cycling,birdandwildlifewatchingandcamping,de ~ monstratesthattheimpactsarebroad,multifaceted  and
non-uniformintermsoftypeandseverityofimpact .Themainthemesidentifiedintheliteraturefor summer
tourism in mountain environments are changing seaso  nality, climate attractiveness and subsequent
visitation, accessibility and risks, landscape attr  activeness and biodiversity, as well as adaptation and
involvement.

Majorsummerattractionsinmountaintourismdestin ationsarealreadyaffectedbytheincreasedrisko f
naturalhazardsandaltered accessibility, bothcon  sequencesofCC.IntheAlps,retreatingglaciersa  nd
thawingpermafrostaresteepeningiceandrockslop esanddestabilisingmoraines.Asaresult,theris  kof
debrisflows,rockfalls,icecollapsesandglacial  lakefloodsisincreasingandmoredebrisisaccum ulatingon
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thesurfaceofglaciers(Moureyetal.,2019).Thes ehazardshaveincreasedtheriskoftouristsparti cipating
inactivitiesalsoinsummersuchasclimbingandm ountaineeringandhavethepotentialtodamageand
destroyimportanttourisminfrastructuresuchastr ailsandaccessroads(Gruberetal.,2004).

CCisalsocausingchangesinthenaturallandscape  softheAlps,suchasmeltingglaciersandrecedin gshow
lines.ThisaffectstheaestheticsoftheAlpinere gionandcanbeadeterrenttotouristscomingtoe njoythe

naturalbeauty.Rapidincreasesintemperatureand  reductionsinsnowcoverduetoCChavephenologica I,
temporalandgeographicalimpactsonthefloraand faunaofAlpineecosystems(Theurillat&Guisan,20  01).
Theseinterrelatedchangesemphasiseclimate-relate dandbiodiversity-related crisesthathaveadirec t
impactonnature-basedsummeractivitiesinmountai  ndestinations.

Changesthataffecttheranges,habitatsandbehavi  ourofalpinespecies,suchasinvasivespecies,re  sultin

increasinglyunfamiliarecologicalcontextswithin  whichtourismoperates.However,Satoetal (2013)  noted

thatresearchontheimpactofrecreationalecology isneithersufficientnordoesitkeep pacewitht he
increaseinsummeruse,theintroductionofnewhig h-impactactivitiessuchasoff-roadvehicles,orw ith
mountainresortsdevelopingfour-seasonactivities  (Walters&Ruhanen,2015).

2.4.3! Impactsonnatureandbiodiversity

CCishavingasignificantimpactonbiodiversityi ntheAlps,withchangesintemperature,precipitat ionand
snow cover affectingvarious speciesandecosystems  (Dullingeretal.,2020;Parisod, 2022; Scotford &
Marshall,2023):

¥ Changesinspeciesdistributionastemperaturesrise,somespeciesaremovingto higheraltitudesto
findcoolerclimates.Thismayleadtochangesint hecompositionofplantandanimalcommunitiesat
thedifferentaltitudelevelswithintheAlps.

¥ Threatstomountainplantspecies:alpineplantspeciesareadaptedtocoldandhars hconditionsand
changesintemperatureaswellasprecipitationmay  threatentheirsurvival.Somespeciesarealready
becomingrarerordisappearingfromtheAlpsaltoge ther.

¥ Increasedriskofinvasivespeciesastheclimatewarms,non-nativeanimalandplant speciesthatwere
oncerestrictedtolowerlatitudescannowthrivei ntheAlps.Theseinvasivespeciesmayoutcompete
nativespecies,reducingbiodiversity.
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¥ Threatstomountainanimals :changesintemperatureandsnowcovercanaffect theavailabilityoffood
andhabitatformountainanimals,suchashares,mo  untaingoatsandibex.Thesechangescanalso
affectmigrationandhibernationtimes,withcascad  ingeffectsonecosystems.

¥ Threatstofreshwaterbiodiversity:changesintemperatureandprecipitationcanalso  affectfreshwater
ecosystems, which are important for the survival of many species in the Alps. Rising water
temperaturescanreducetheoxygenavailabletofis handotheraquaticorganisms,whilechangesin
snowmeltpatternscanalterthetimingandamounto fwateravailabletotheseecosystems.

Theintrinsicvalueofbiodiversity,beyondanydir ecthumaninterest,iswidelyrecognised,asitinf luences
theprovisionofvitalESforhumanity.ltisgener allyassumedthatmaintainingtheintegrityandhea Ithof
ecosystemssupportstheprovisionofES.Lossofbi  odiversityimplieslossofservicesandthusaredu ctionin
humanwell-being.Inthepast,degradationofecosy  stemshasbeenshowntoadverselyaffecthumanwell -
being(MillenniumEcosystemAssessment,2005).

TheAlpsconstituteanancientculturallandscapew ithsocio-ecologicalpropertiesnotfoundelsewhere  on
theplanet. Society and natureinthese mountainsh aveco-evolvedtoformauniqueandcloselylinked

networkofinteractions attractingpeopletemporar ilyastouristsorpermanentlyasmigrantsfromnea rand
far.AmongtheEuropeanmountains,theAlps,togeth  erwiththePyrenees,aretherichestinplantspec ies
(VSreetal.,2003). Theyarehometoaround4,500 plantspecies,accountingformorethanathirdof the
recorded flora in Europe, with almost 400 endemic p lants (prevalentin a particular area or region)

(Theruillat,1995).Plantbiodiversityisparticula  rlyconcentratedintheAlpineregions.Theareaab ovethe
treelinerepresentsonly3%ofEurope'stotalsurf aceareabutishometo20%ofitsplantspeciesri chness
(Thuilleretal.,2005).ThefaunaoftheAlpsincl udesupto30,000species(Chemini&Rizzoli,2003)

CCandintensiveagriculturalpracticesarealready  threateninganumberofuniquespeciesandhabitat S.
Habitatloss,fragmentation,changesinagricultura  IpracticesandpollutionactinconcertwithCCan dare
amongthe mostsignificantreasonsforbiodiversity lossinthe Alps. Rising temperatures and changing
precipitationregimes(i.e.,generallylessprecipi  tationinsummerandmoreinwinter),aswellasin creased
climatevariabilityandextremeevents,willfurthe raffectnaturalandsocio-economicsystemsandsec  tors
intheAlps.

2.4.4! Impactsonecosystemservices(ES)

TheESapproachprovidesaframeworkforunderstand  ingtheinterconnectionsbetweensectorsinrelatio n
todirect(e.g. forestry)ormostlyindirect(e.g. industry)dependenceontheenvironment.Inrecen  tdecades,
wehavemovedfromaconceptionofhumansasreacti vetowardstheenvironment(priortothe1980s),to a
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conceptionofenvironmentalcrisesascausedoyhum  ans(1980s) toaconceptionofenvironmentalcrise  sas
causedbysocio-naturalinteraction(1990s)(vande  rLeeuw,2001).Inthecurrentdecade , wehavebegu nto
understandhumancrisesalsoascausedbysocio-nat  uralinteraction.Achangeinourenvironmentcanb e
consideredacrisiswhenitthreatensourlivelihoo dorwell-being.Anenvironmentalcrisisoftenlead stoa
humancrisis(Schrster,2009).Humansdependoneco  systemsbecausetheydependonES(deGroot,1992).

AccordingtoCommonInternational Classificationof =~ Ecosystem Services(CICES)classification(Haines-
Young&Potschin,2018) fourtypesofEScanbedi stinguished:

¥ life-supportingservices,cyclesofnutrients,soil  andprimaryproductivity;

¥ provisioningservices(food,waterandmaterials);

¥ regulationservices(e.g.,climate,pollination,pe  sts);

¥ culturalservices(includingartistic,spiritual,e  ducational,butalsoleisure-relatedservices).

EachofthesemountainESmakesaspecificcontribu  tiontolowlandandhighlandeconomies.Traditional ly,
theeffectsofglobalchangesonecosystems(includ  ingCC)havebeenanalysedseparatelyfromtheeffe cts
onfoodandfibreproduction,health,recreation,s ettlements,etc.Incontrasttothisview,theconc eptofES
leadstotherecognitionthatecosystemsmediateg| obalchange(Schrster,2009).Therefore,environmen  tal
impactsofglobalchangecanincreasehumanvulnera  bilitybyalteringtheprovisionofES,whicharec rucial
forhumanwell-being.

CulturalESarealsoofparticularimportanceforA Ipinepopulations.Afforestationistheprocessof creating
aforestonlandthatisnotaforestorhasnotbe enaforestforalongtime,byplantingtreesort heirseeds.
Thetermafforestationgenerallyreferstothereco nstitutionoftheforestafteritsremoval,orthe planting
ofothertrees,e.g.,fromatimberharvest. People andnaturehaveevolvedoverthecenturiestoform a
diverseentitythatisworld-renownedforitscultu ralandnaturalrichness.Thisfameattractstouris tsfrom

theplainsofEuropeandfurther,creatinganinten setourismindustryinsummerandwinterandreshap ing
the Alpine landscape. To putthisrelationship back onasustainabletrack, inadditionto directhuma n
impacts,theimpactsofCConculturalESmustbec onsidered,withparticularreferencetodependence  on

Alpinewaterresources.TheAlpinelandscapeischa  ngingandwithittheculturalservicesitprovides

2.4.5! Impactsonkeyinfrastructures

Alpinemountainareas(withveryfewexceptions)ar enotonlysufferingthenegativeeffectsofCC,bu tin
recentyearsmanyarealsofacingaveryserioustr endofdepopulation(BStzingetal., 1996;Corrado, ~ 2014).
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Thishasledtoawiderangeofissues:hydrogeolog icalriskontheterritory,lossofbiodiversity,c ultural
valuesandthelandscape,thedisappearanceofthe = necessaryconditionsforthosewhohaveremainedto
inhabitthemountains,or,onthecontrary,unsusta inabledevelopmentmodelscharacterizedbyintensiv e
exploitationoftheterritoryfortourismpurposes (Mainoetal.,2016).Thus,thecombinationofCCa ndthe
progressiveabandonmentofthehighlandsnegatively  affectsthecareandmaintenanceoftheterritory, also
endangeringthemainhumaninfrastructure.

ManyAlpineareashaveexperiencedstrongdevelopme  ntinthesectoroftourismduringthelastdecades
Thisisthe causeofaveryrapidbuildingoftouri sminfrastructures (buildings, roads, facilities,E  )anda
boomingincreaseofsecondhomes.Recently,dueto  theconcomitanceofpandemicandCC,severalareas
sawareversalotthistrend Jeadingalsotoanab andonmentnthetourismsector:Hotelcomplexes,bu ildings
linkedtothe skiingindustry, colonies, aswellas borderstations, have beenleftwithoutaperspect ive.
Between the more frequent causes of the abandonment there is the change of the tourism demand
connectedtothedecreaseofthesnowcover,thene cessityoflargereinvestmentsofmodernization,la  ckof
technicaladaptations, notweighted choicesregardi  ngthetourismflows, aswellasspeculations, whic h
translatedintotheabandonmentofstructuresbefor ebeingused. !
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3! Snowé&wintertourismanditsimportancefor
AlpineSpaceregionsandcountries
Morethan100milliontouristsvisitalpinetourism destinationseveryyear(Becken&Hay,2007).In2 022

withintheprovincesofTessin, St.Gallen,GraubYn  den,Bavaria,Vorarlberg, Tyrol,Salzburg,SouthTy  rol,
Trentino,SondrioandBellunol23.4millionovernig  htstayswereregisteredincommercialaccommodatio  n

facilities(ASTAT,2023).TheEuropeanAlpsareone  ofthetoptraveldestinationsintheworld.Ther egionis
approximatelyl,200kmlongand150-250kmwide,wi thaltitudesrangingfrom2,864metersinSlovenia to
4,810 metersinFrance,where nature and culture pr ovide unique attractionstothevisitors (Bausch &
Gartner,2020).Whilesummerhadusuallyrepresente  dthecoreofAlpinetourism,overtheyearswinter has
becomethemainsourceofincomeforalargenumber ofAlpinetourismdestinations(Tranos&Davoudi,
2014).Today,wintersports,especiallydownhillsk  iing,andsnowboarding,areatthecentreofmanya Ipine
resorts,alsoduetotheinvestmentsinlifts,ski liftsandsnowmakingmachineswhichallowedtoexte ndski
areasandmadeiteasierforpeopletouseprevious lyinaccessibleslopes.Asaresult, nodernskires  orts
require significant capital investmentintechnical  infrastructure (Bausch & Gartner, 2020). Today, th e
countrieswithinthe Alpine region are the largest inbound skimarketonthe planet, capturing 40% of
worldwideattendance(Vanat,2022).Withmorethan 10,000liftsintotal theregionisalsoamongthe most
equippedintheindustryandishometosomeofthe majorplayersintheskibusiness.Precisely,the region
accountsfor37%ofskiresortsworldwideand80%o0 fmajorresorts,whichtranslatestolmillionskie Ivisits

perwinterseason(Pedeetal.,2022).

3.1 ltaly
Mountaintourisminltalyaccountsforasignifican tshareoftheltalianGDP .BeforetheCovid-19pan demic,
around 13% of yearly overnight stays were in mounta in areas, while foreign touristsO expenditure for

mountain vacations was reported to amount to almost 2billion " in2019 (Mariani & Scalise, 2022).
Accordingto(Confcommercio,2023)(theltalianGen  eralConfederationofEnterprises, Professionsand

Self-Employment),12millionltalianschosethemou  ntainsinthefirstquarterof2023,7.5millionof which
stayed for aweek or a slightly shorter period, whe reas the remaining 4.5 are day trips. The average
expenditurewas540 " perperson.Almost9outof10holidaymakerschose domesticdestinations. The
Alpine arcwasthe mainfocus, firstand foremostt he destinationsin Trentino-Alto Adige/South Tyrol,
followedbyLombardyandValled'Aosta,butwithgo odperformancesalsoinPiedmont,VenetoandFriuli
However therewasquiteastarkheterogeneityamon gtheltalianalpineregionsintermsofattendance For
instance,in2013thetourismdestinationsinTrent ino-AltoAdige/SouthTyrolhosted44.4%oftheltal ian
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mountaintourists,followedbyLombardy(10.5%),Ve  neto(7.9%),andPiedmont(6.3%)(AlpineConvention
2013).Consideringtheinternalflowsoftouristsw ithinltaly,thechoiceoftheAlpineregionsasth emain
mountaindestinationismainlyconnectedtotheopp ortunityofpracticingwintersportsandthenatura I
heritage.Itinfluences35.8%ofItaliansforvisit ingtheltalianmountaindestinations, followedby mainly
practicalreasonssuchastheavailabilityofholid ay-homes(16.5%)(AlpineConvention,2013).Nonethe less,
alsoinfluencedbytheCovid-19pandemic,basedon thechangingcustomerpreference,adiversification
beyondskiingisongoingespeciallyintermsofnew sportsindifferentseasons(suchasmountainbiki ng),
culturalandfoodinitiatives,wellnessandtrekkin g.Theseactivitiesplayedalsoaroleintheincre aseofthe
numberofovernightsaftertheyear2020(Marascoe tal.,2022).AnothertrendofAlpinetourismreinf orced
bythepandemicconcernstheincidenceofforeignd emand.Overthelasttwodecades,infact,thepres ence
offoreignersinthe Alpineregionshasincreaseds ignificantlyingeneral, withthe sole exception of the

ProvinceofBolzanowhereitwasalreadyveryhigh. ThankstothetraditionalattendanceofGermantou rists,
whoaccountedforalmost50%oftotalovernightsbe forethepandemic(Marascoetal.,2022).Whentaki ng
intoaccountdatafrom2021,itispossibletonoti cethattheforeignincidencehasincreasedbyabou t10%

intheltalianalpineprovincesin2019comparedto theyear2004(excludingBolzano),asignificantg rowth
ifconsideringthatmountaintourismdestinationsh avealwaysbeenadestinationwithapredominantly
domesticdemand(Marascoetal.,2022).

Theltalianskiindustryisquitefragmentedwithn omajoroperatorandthereareconsiderableterrito rial
differences.Forexample,theTrentinobBAltoAdige/  SouthTyrolregionaloneaccountedforapprox.80% of
theoveralltouristattendanceintheltalianAlps in2018(Morvillo&Becheri,2020).Thisregionhos tssome
ofthemostdynamicplayersintheEuropeanskiind ustry,suchastheDolomitiSuperskiareafeaturing 450
liftsand 1,200kmoftrailsandrepresentingabout 35%ofallltalianskiervisits offeringahighle velof
infrastructureandstate-of-the-artliftsandsnowm akingfacilitiesunderitscommonbrandname(Vanat ,
2022).TheresortsmakinguptheDolomitiSuperski areaaccountedforatotalofalmostomilliondail yentry
ticketsinthe2021-2022winter(Marascoetal.,20 22) whereasthetotalnumberofentriesofthe30 largest
skiresortsinltalywascloseto300millionin20 19,witha2%increasecomparedtothe previousyea r
(Morvillo&Becheri,2020).Overthelastyears, it hasbeenestimatedthatthebestperformanceinte rmsof
touristattendanceinwinterbelongswithincreasin glytoresortsathigheraltitudesincomparisonto the

onesataloweraltitude.Thisisconnectedalsoto betterfacilitiesandsnowmakingcapacity,aswell ~ asmore
snowabundance.Forinstance,asignificantincreas ewasrecordedinLivigno(+26,7%),Cervinia(+23%) ,La
Thuile (+17,5%), Adamello Ski(+8%), AltaPusteria  (+7,9%)and Madonnadi Campiglio (+7,4%), whilea

decreaseisvisibleinthesmall-sizedresortsofv ondolZSki(-18,9%),Bardonecchia(-16,6%) Civetta (-9,3%)
andS.MartinodiCastrozza(-5,3%)(Morvillo&Bech  eri,2020).Ingeneral,mostofthesmallAlpinean dpre-
AlpineSTDsparticipateonlymarginallytothewint ertouristdevelopmentbeingsituatedatlowaltitu des,
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withsmallskiareasandoldfacilities. Theyconsi stmainlyofdestinationsinwhichfacilitiesareg enerallyco-
financedbythePublicAdministration,favoringsea  sonaltourism(AlpineConvention,2013).Atthesam e
time,itbecomesapparentthatlocalcommunitieste ndtobestronglydependentontheincomefromsuch a
spatially concentrated and agglomerated economic se  ctor (Mariani & Scalise, 2022). As a result, the
developmentoftouristaccommodationsisoftenunde  rtakenbythelocalpopulationwhichresultedinm any
smallfamily-ownedhotelsandthelettingofguest roomsinresidentialhouses(Poldermanetal., 2020 ). This
decentralizationallowsforagoodstatusofthesk iinginfrastructuremaintenance:from2002to2009 20%
oftheliftswereremovedandafurther20%havebe enrenewed,foratotalof445newlifts(Vanat,20 22).
However,arecentreportfromLegambientehasshown thedegradationofmanyskiingresortsalloverth e
country: by considering only the Alpine regions, in 2021 itwas possible to map 91 resorts that were
completelyneglectedand/orfallenintodisuse,24 thatweretemporarilyclosed,and18thatsurvived solely
thankstoheavyinjectionsofpublicmoney,mostly insmallstationsthatexhibitahigheconomicand snow
safetyvulnerabilityintheshortandmediumterm( Legambiente,2022).

3.2  France

Withapproximately55millionskiervisitsannually ,Franceranksamongthetopskitourismdestinatio nsin
Europe.TheFrenchAlpsaccountformorethan80%o0 fthecountry'stotalannualskiervisitsandfor2 04
winter sportresorts (Berard-Chenuetal., 2021; Re chetal.,2019), with 7 out of the world's 20 most
frequentedstationslocatedinitsnorthernpart(A IpineConvention,2013).Ithasbeenestimatedthat the
CountryOsskiareaexceeds1,100km ? (Moreno-GenZetal.,2018) .Thelargestandmostattendedskiareas
inFranceareprimarilylocatedinSavoieandHaute -Savoie,withafewthatarespreadbetweenlserea nd
AlpesduSud(Vanat,2022).Theskiindustryprovid essignificantemploymentopportunities,contributi  ngto
about 8% of tourism employment in the French Alps w ith around 120,000 jobs and generating
approximately 6.5 billion EUR in tourism expenditur es(Berard-Chenuetal.,2021,2022).I1n2013, the
FrenchAlpinetourismstationsaccountedforbetwee n20%and25%oftotalmountaintourismjobsinthe
region(AlpineConvention,2013)andsomestudiesc  oncludedthatfinancialprofitabilityinFrenchres orts
tendstobehighercomparedtothoseinitalyandA ustria (Moreno-GenZetal.,2018) .

The skiindustry in France has been shaped by far-r eaching political decisions, including subsidiesfo r
sustainable skiresorts and theimplementation of s nowmaking equipment. Inthe 1980s, major French
resorts underwent a transformation, with integrated operations being dismantled and lift operations

distributedamongmultipleactors.Thisledtothe establishmentofthe CompagniedesAlpesvhichbecame
theworld'slargestskiresortoperatorforaconsi derableperiod(Vanat,2022).Francestandsoutas  theonly
European countrywithsuchadominantoperatorrunn ingnearlyallmajorresorts.  CompagniedesAlpes
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operatesl2largeAlpineresorts totalingaroundl Smillionskiervisits(Vanat,2022).Additionally,  thereare
smaller operators such as Labellemontagne and Altis ervice, while Savoie Stations Participation, a
public/privatecompany,holdsinterestsin17skia reas(Vanat,2022).SkiliftsinFranceareconside reda
publicservice,andsomeoperatingcompaniesarepa rtiallyownedordirectlymanagedbymunicipalities
Supervisionofskilifinstallationandoperation inFranceishandledbytheSTRMTG("  ServicesTechniquesde
RemontZes MZcaniques et Transports GuidZs a public service company ensuring safety contro | and
authorizationsforskiliftoperations  (Spandre,Franeois,Verfaillie,Pons,etal.,2019)

The Frenchskiindustry has experienced profoundch ~ angesovertheyears, including shiftsin demand,
changesingovernance,andtheimpactofCC  (Spandre,Franeois,Verfaillie,Lafaysse,etal.,2 019).France,
beingaleadingdestinationinglobaltourism, prim arilyreliesonthedomesticmarketforitsskiind ustry,
whichhasnonethelessreachedmaturity,showingas  lightdecliningtrendinskiervisitssincethewin ter
seasonof2012/13.Tocompensate,around2million foreignskiersvisitFranceeachwinterseason(Van  at,
2022).TheFrenchAlpshold84%ofthecountry's3, 300ski-liftfacilities, whichrepresent18%ofglo bal
capacity(Rechetal.,2019),supportingasignific  antportionofdirectandindirectemploymentinmo untain
communities.Snowmakinghasbeenakeydevelopment, althoughstudiesdifferonitsimpactonskiervis its
in Frenchresorts. Over the 199792018 period, snowm aking investments in the skiresorts of Savoie
represented35%ofthesnowmakinginvestmentsmade  inallFrenchskiresortswhile,regardingturnover S
of major snowmaking companies operating in the Fren ch market over the 2012D2019 period, the
snowmakingmarketwasestimatedtobeworthabout3 5millionEURperyear(Berard-Chenuetal.,2022).
Atthesametime, (Falk&Vanat,2016) had previou slyestimatedthatabove 6.5millionEURInvested,
cumulatedsnowmakinginvestmentdoesnotleadtohi gherskiervisitsinFrenchskiresorts.

TheFrenchCourtofAuditorsrecentlycriticizedso merecentpoliciesduetonaturalsnowdepthrecord sand
climateprojections,highlightingthechallengesfa  cedbydecision-makersatvariouslevelsduetothe lackof
appropriate information (Spandre, Franeois, Verfaillie, Lafaysse, et al., 2 019). In terms of resort
management,63outofl39skiresortsintheFrench Alpsarepubliclymanaged,accountingfor15%oft he
total skiliftpower (Berard-Chenuetal.,2021).S imilarlytoother Europeanalpine Countries, there isa
dichotomybetweenlarge prosperousresortswithex  tensiveskiareasathigheraltitudesandsmallerr esorts
facingadeclineincustomersatloweraltitudes(R echetal.,2019) Anothernotablecharacteristic ofFrench
resorts, particularlythe purpose-builtones, isthe prevalence ofapartmenthousinginrespecttohote Is
(Vanat,2022).
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3.3! Switzerland

InSwitzerland,theAlpinetouristsourcemarketsh avealwaysplayedasignificantroleinthetourism sector,

accountingforapproximatelyhalfofthetotalover nightstaysinthecountryin2010(AlpineConventi on,
2013).Whilewintertourismisfocusedonspecific destinationssuchasZermatt,St.Moritz,andDavos  for

foreignvisitors,domestictouriststendtoprefer smallerstations(Leimgruber,2021).

Asresortsdiversifytheirofferingstocompensate foruncertaintiesinsnowcover,tourismpromotion has
evolvedtoincludeawiderrangeofactivitiesbeyo ndskiing,suchassnowshoetours,walking,andwel  Iness.
Althoughtourismcontributes2.9%toSwitzerland's GrossDomesticlncome,itisnotaprimarydrivero fthe

national economy, which is dominated by manufacturi  ng and financial services (Leimgruber, 2021).
However,thetourismsectorplaysasignificantrol eincreatingemploymentopportunities,particularl  yin
outlying mountain regions with structural underempl oyment (Gonseth & Vielle, 2019). In the Swiss
mountainregions, winter tourismand the cableway i ndustry are crucial, generating more than 80% of
incomeduringthewinterseasoninmanyplaces(Lic htensteinischeLandesverwaltung,2023).Forinstanc e,
theSwisscablecars,whichcontributetothewinte rtourismsector,generatedrevenuesof758million CHF
duringthe2018/19winterseason,underscoringthei rsubstantialeconomicvalue(Vorkaufetal.,2022)
However,Swissskiareashaveexperiencedchangesi ntheirforeigncustomerbaseovertheyears.While
therehasbeenanincreaseinSpanish,Russian,and  Asiancustomers, thishasnotcompensatedforthe
declineinSwitzerland'straditionalforeigncustom  erbase,whichhasledtoadecreaseinovernights tayshy
1.5million(Vanat,2022).Consequently,thepropor  tionofforeignguestsontheslopeshasdroppedbe low
the40%mark(Vanat,2022).Startingintheearly2 000s,Switzerlandfacedaperiodofstagnationfoll owed
by adecline inwintertourism, despite efforts to improve snowmaking facilities and liftinfrastructu re.
Unfavorablesnowconditionsoccurredforthreecons  ecutiveyears,startingfromwinter2014/15,which
affectedmanyresortsduringthe ChristmasandNew Yearholidays(Vanat,2022). However,thewinter
season of 2017/18 experienced better conditions,re  sultingina10.3% increase in attendance figures
comparedtothepreviousseason. The2018/19season  alsosawagrowthof6.2%inskiervisits, which
representedarecoverybutdidnotfullycompensate forthe25%declineinskiervisitsovertheprevi ous
decade (Vanat,2022). Inresponsetothechangingl  andscape, several skiareasin Switzerland adopted
disruptivepricingstrategiestoattractcustomers andrecovertheirmarketshare . Theintroductionof heavily
discountedseasonpasseshbySaas-Feeandthecollab orationof25SwissskiareasinofferingtheMagic Pass,
amulti-resortseasonpass,resultedinincreasedsk iervisitsby30%andoutperformedthe Swissaverag e
(Vanat,2022).
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3.4! Liechtenstein

Given the small size of the Country, winter tourism is not as developed as the neighboring States.
Liechtensteinhasonlyonesingleskiresort,Malbu  n,whichislocatedsouth-eastofthecapitalVaduz .The
resortitselfistiny,withonlyahandfulofhotel samongsttheprivatechaletsandhouses,anditis equipped
with5liftsthatrisetoamaximumaltitudeof200 Ometers(Vanat,2022)Inthewinterseason2022/23
(monthsNovember2022toApril2023),guestarrival sandovernightstaysinthehotelindustryincreas ed
comparedtothepreviousyear.HotelsinLiechtenst einreported35,880guestarrivalsand73,263overn ight
staysforthewinterseason2022/23.Inthewinter seasonofthepreviousyear,therewere29,226gues t
arrivalsand66,043overnightstays.Thenumberof overnightstaysthusincreasedby10.9%comparedto
thepreviousyear.However atthealpinehotelsin StegandMalbun,29,739overnightstayswererecor ded:
thisisadecreaseof2.6%comparedtotheprevious year(LichtensteinischeLandesverwaltung,2023).

3.5!  Germany

The German skiing landscape comprises approximately 500 ski areas, catering to Europe's largest
populationofskiers,whichexceedsl4millionindi viduals(Vanat,2022).However nearlyhalfofthes eareas
consistofsingle-liftfacilities,andGermanstend  tocarryouttheirskiingactivitiesabroad.Fori nstance,
German citizens represent the largestforeign custo  mer base for Austrian resorts (Vanat, 2022). The
prominentskiresortsinGermanyaresituatedalong thesouthernborderoftheBlackForestandinthe
BavarianAlps,whichshareborderswithSwitzerland  andAustria. Theseregionsencompassthe German
Alps.theHarzMountains,theBlackForesttheBav arianForest,andtheThuringianForest,characteri  zedas
middle-altitude mountains reaching heights of up to 1,500 meters above sea level (Vanat, 2022). In
particular,Alpinetourismplaysacrucialrolein theoveralltourismsectorofBavaria,whichserves asayear-
roundtraveldestination,witharound60%ofoverni ghtstaysoccurringduringthesummermonths(Mayt o]
October)and40%duringwinter(NovembertoApril) (AlpineConvention,2013).Natureandactivetouris ~ m,
suchashiking, biking, and winter sports, healtha ndwellnesstourism,aswellas culturaltourism, f orm
significantsegments ofovernightstaysandsame-da  yjourneysinthe Alpine areas (Alpine Convention,

2013). Unsurprisingly, the two largest skiresorts in Germany are located inthe Bavarian Alps, inthe
southernmostpartoftheCountryattheborderwith Austria. ThefirstoneisZugspitze whichisloca tednear
thetownofGarmisch-Partenkirchenwitharound20k mofrunscoveringanareaof2.4km (Vanat,2022).

TheZugspitzeitselfisthehighestpeakinGermany reachinganelevationofabout2,962meters.The second
istheSudelfeldskiarea,spanningthemunicipalit  iesofBayrischzellandOberaudorf,anditispart ofthe
regional tourism association Alpenregion Tegernsee  Schliersee (ATS). Withanareaof2.3km  Zandan
averagealtitudeofl,216meters,jtfallswithint heaveragealtituderangeofGermanskiareas(Vana  t,2022).
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Bayrischzell,situatedincloseproximitytoMunich ,servesasacrucialdestinationfordailyskivis itorsfor
over4dmillioninhabitantswithinaone-hourdrive catchmentarea(Vanat,2022).Inbothresorts,duri ng

winterseasons,approximately78%ofskitouristsa  redayguests,whileovernightguestsprimarilyori ginate
fromGermany(around80-85%)andtheNetherlands(a  pproximately5-10%)(Witting&Schmude,2019).
Theaveragelengthofstayforovernightguestsdur ingthewinterseasonisaroundfourdays,withhot els,
holidayflats,andguesthousesbeingthetopthree lodgingchoices(Witting&Schmude,2019).Overthe  past
fouryears, winterovernightstayshaverangedfrom 62,910(2014/15)t069,079(2016/17) (Witting &
Schmude, 2019).IncomparisontoAustrianandSwiss  resorts, skiareasin Germanyoftenoccupylower
altitudes,leadingtoahighersusceptibilitytosn owconditions(Vanat,2022),especiallywhenconsid  ering
thatwinter(sport)tourismholdssignificantecono micimportancefortheGermanlowmountainrangean d
alpine destinations. To mitigate the meteorological  risk, resorts have made significantinvestments in
snowmakingsystems.Overthepastdecade,skivisit  orfiguresinGermanyhavefollowedasimilartrend to

thoseintheAlps,withtheexceptionofanexcepti onalseasonin2012/13.Between2014and2017 wint er
vacationsinGermanyduringNovemberandMarchrang edfrom8.8milliontoapproximately10.4million,
andAlpinedestinationsaccountedforasharerangi ngfrom18.3%t020.7%ofthesewinterholidays(Ba usch
&Gartner,2020).

3.6! Austria

Comparedtootherindustrializedcountriestourist  intensityinAustriaisparticularlyhigh:inthe faceof8.98

millioninhabitants,thereare68,600touristaccom modationfacilitiesofferingmorethanl.15million beds
(Statistik AT, 2023a,2023Db). In particular, winter tourismrepresents aparamountshare ofthe overal I

tourismsector, asitaccountsfornearlyhalf(48% )ofannualovernightstays-withthe2018/19wint er
season (Novemberto April) recording 73 million ove rnightstays (...sterreich W, 2019). The economic
importanceoftourisminwinterisevenhigherint ermsoftouristspending,sincewintertouristsspe nding
(" 184/day)ishigherthansummertouristspending( " 160/day)(...sterreichW,2018).Furthermore Austria
hasalargerproportionofreturningtourist(77%) forwintertourism.
Austrianoperatorshavespentmorethan6billion " inthepasttenyearsintermsofskiinginfrastru cture,
withalmost800newliftshavebeenbuiltbetween2 000and2020(Vanat,2022).Moreover therehavebe en

hugeinvestmentsinsnowmaking:withayearlyexpen  ditureof140million " overthelast10years.Now
morethan60%o0fslopesareservedbysnowmakingin frastructure(Vanat,2022).Althougharound66%of
overnightstaysoccurredinskiareas(namely,with atleastthreeskilifts),demandinskiresortde stinations
isnothomogeneousthroughoutthecountry,asitha sbeenfallinginsouthernregionssuchasCarinthi aand
increasinginwesternregionssuchasTyrol(Firgo &Fritz,2017;Fleischhacker,2018).Asanillustra  tion,
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investmentsforwinterseasonfacilitiesinTyrola ggregateto2.79billion " overtheseasons2009/2010to
2018/2019(Bausch&Gartner,2020).Thatthisregio n,with79skiareasand480majorlifts,accounts for
nearlyhalfof Austrianskiervisits(Vanat,2022). Themainactivityisdownhillskiing (59%), follow edby
winterhiking(13%)andsnowboarding(9%) with3% ofwintervisitorsusingcross-countryskiingasa winter
vacationactivity(Steigeretal.,2020).Despitet hesecond-largestskiareaintheworld,with54.2 million
skierscomingeveryyear,the proportionofalpine skiingin Austriadroppedfrom65%t059%in2018
comparedto2012 whiletheproportionofwinterhi kingincreasedfrom10%tol13%duringthesameperi od
(Vanat,2022).Moreover,skiervisitshavegrownby anaverageofjust0.4%overthepastdecade,and this
minorincreaseistypicalforthelatephaseinthe productanddestinationlifecyclewhichisassoci atedwith
anincreasingcompetition(Steigeretal.,2020).

3.7! Slovenia

Sloveniarepresentsaspecialcaseintourismdevel  opmentintheAlpsbecauseitsinfrastructurewasq uite
insufficientwhenthecountrywaspartofthe Feder alPeopleOsRepublicofYugoslavia,andtourismonl y
played a marginal role in economic terms. However, tourism has been one the highest growing and

increasingly competitive sectorsoverthe past20y ears(Vanat,2022),andwintertourismregionshave
undergone a shifttowards modernization of availabl e tourisminfrastructure (Polderman etal., 2020).

Changesinthevolumeoftourismdemandwere,above all,relatedtothedeclineinforeigntouristvis its
duringthe90s,whiledomestictourismremainedsta bleorevenslightlyincreased.Themostattractive area
for winter tourism is that of the Julian Alps due t o the appealing mountain landscapes as well as
opportunitiesforoutdoorrecreationmainlyrelated toalpineskiing.SomecommunitiesintheJulianA Ipsare
evenmoredependentonforeigntourismthanthecoa stalregionsuchasSlovenianlistria,wheresummer
tourismisprominent. Asanexample,theresortof KranjskaGorawitnessedatotalof828.000overnigh t

staysin2019inalmost6,000availablebedsoffere dacrossl186accommodationestablishments,ofwhich
85%wererepresentedbyprivatelyownedapartments (Ko#'aketal.,2023) AfterthebreakupofYugoslavia,
theJulianAlps'share of Sloveniantourismfellfr 0om23.4%in1990t017.8%in1992,andby2010,the
proportionoftouristovernightsspentintheregio nwasabout20%(Cigale,2019).Changesoverthepa st
decadehaveledtoasignificantincreaseinthesh areoftheJulianAlps,asitevenreached24.5%in 2018
(Cigale,2019).Today,Sloveniahosts44resortswi  thatotalof200skilifts(Vanat,2022).

However, itis important to underline how specific microclimate and topographical factors affect the

SlovenianAlpsinwinter:forinstance, the mountai nsarenothighinelevation,andtheinfluence of the
MediterraneanSeaisreflectedinthehighprecipit ation whichisespeciallyevidentinthewestern, southern,
andsouthwesternregionsoftheSlovenianAlps(Ogr  inetal.,2011;Vanat,2022).Theinfluenceofthe seais

31



L 2 O 2% 2500 2% SN Co-funded by " .
(1] ll.el’l\':g the European Union Beyondsnow

Alpine Space

very pronounced in terms of higher temperatures in the south-facing mountains compared to the
temperaturesinthenorthorclosertotheinterior ofSlovenia,andthiseffectisespeciallypronoun cedin
winter. The effectsofCChaveaddeduptothissce nario,andthisledtothesignificantchangeinsn ow
conditionsatlowerelevations(Ogrinetal.,2011) ,withtheconsequentneedforresortstointroduce SNOW-

makingfacilitiesasthe mainmitigationstrategy ( Poldermanetal.,2020). Forinstance, theskireso rtof
Cerknoisfullyservedbyanextensivesnowmakings ystemthatallowsforaminimumof70skidaysper

winter(Vanat,2022).Thiscanbeaproblemforthe smallersnowresortswhicharepresentinalarge number.
In2013,0nly16%o0fskiresortsintheCountryhad morethanfiveskirailwaysandmorethan5kmofs ki
slopes(AlpineConvention,2013)andtheymaysuffe  rextensivelyitheamountofskiingdaysperwint erfall
under60(Ogrinetal.,2011). Wintertourismrema inssteadydespiteissuesrelatedtounreliablesno  wpack.
Itssurvivalisachievedthroughinvestmentsinsno wmaking equipmentandthe factthatin mostcases
summerhastraditionallybeenofequal(ifnoteven greater)importanceincomparisontowinter(Cigal e,
2019).

32



- . 20 B508 2% I Co-funded by N )
"“’erre” the European Union Beyondasnow

Alpine Space

4!  Tourismdestinationsandthefourgenerations
ofskiresorts

ThegrowthofSWTandthedevelopmentofmanySWTd estinationsintheAlpsdatebacktothebeginning
ofthe20 ™Mcentury.Duringthelastcentury, SWTinthe Alps knewdifferentsteps. Inordertoofferan
interpretative scheme of this evolution, many resea  rchers have focused their attention to the birth,
developmentand adaptation of different Alpine ski resortsduring time. In particular, a model of four
generationsofskiresorts  canbefoundinliterature(Lovato&Montagna,201 2).Althoughthearchetypes
derived fromthe modelarediachronic, therearete mporal overlapsinthe developmentofskiresorts,
becauseoftheterritorialspecificityofthediffe rentAlpinecountrieswhichhaveaffectedtheproce ssand
thedynamicsofconstruction.

4.1  Firstgenerationofskiresorts

The firstgenerationofskiresorts  referstothoseresortsthatalreadyexperienceda gooddevelopmentof
Alpinesummertourismduetotheirconnectiontowe lInessandhealthtreatmentsbetweentheendofthe
19"andthebeginningofthe20  "century.Withthedevelopmentofskiingasasport theyaddedthewinter
seasontotheirofferfromthe1930sonwards.These resortsdevelopedaroundanoriginalcoreconstitu ted
bymountainvillagesandtheiristoricalactivitie s,.e.agro-pastoralismandhandicraft.Theseact ivitieswere
oftentimesprogressivelyabandonedbythemountain ~ dwellerswhostartedtodevotethemselvestothe
touristeconomybybecomingmountainguides,skiin structorsandhoteliers(Parisi&Andreotti,2010). It
was therefore a spontaneous and internal evolution, sustained by individual initiatives of local
entrepreneurswhobuiltaccommodationfacilities.T  heywereinspiredbythepreviousmodelofthether mal
destinationsforthewellbeingandhealthoftheEu ropeanZlites,offeringahighstandardofservices  anda
goodintegrationwiththepre-existingurbanfabric ,constitutedbyhistoricbuildings.However there isno
lack of cases in which the new accommodation struct ureswere isolated fromthe original villages, for
exampletheGrandHotels,todayhistoricalarchitec  turalexamplesoftheArtNouveaustyle.

Ingeneral,thelocationofthesedestinationsisd eterminedbytheaccessibilityofthattime(especi allythe
railway), which became an integral part of the tour istoffer (e.g., Swisstrains, funiculars, E) (Lova t0&
Montagna,2012).ThemoststrikingexamplesareCha  monix,St.Moritz,Cortinad'Ampezzo,Courmayeur,
Gressoney,ValGardena,ValBadiaandMadonnadiCa  mpiglio.
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4.2! Secondgenerationofskiresorts

This development was followed by the second generation of skiresorts ~ (1950s-60s), built at higher
altitudes, where there were no stable inhabited vil lages but scattered houses or only shelters for the

shepherds,utilizedduringthesummerascentofthe  transhumancepractice.An antelitteramexampleofthis
developmentisgivenbytheSestriereskiresort,a t2,035metersa.s.|.,.establishedasamunicipalit  yin1934

whereuntilthattherewereonlythepasturesfort heflocksandherdsofthecommunitiesoftheValC hisone
andAltaValdiSusa.TheconstructionofSestriere redefinednotonlythelocaltopographyandtopony my,
but alsoterritorial belonging. The infrastructure ofthe second-generation resorts is functional to t he
practiceofskiing,asportthathasbecomepopular overtime.Intheseresorts firsttheslopesare developed,
closetoancientmuletracksthathavebeentransfo rmedintorealroads,andthenthehotels,whichar ebuilt

directly on the slopes. Investors are mainly extern al and aim at mass tourism, also favoured by the
developmentoftheroadinfrastructureandhighway network.Theychooseareasclosetourbancentres,

whichconstitutethetargetmarket butoutsideexi stingmountainvillagesinordertchavefewercons traints
relatedtopropertyandurbanplans(Lovato&Monta gna,2012).Manyoftheseprojectswerebornathig her
altitudes,whereitisoftenpossibletoskieveni nthesummermonthsduetothepresenceofglaciers

Theimproximitytotheurbanareasresultsinahig hvisitorfrequencymainlyduringweekends,whichc anlead

to the phenomenon of uncontrolled construction of s econd homes. Examples of this generation are:
Chamrousse, Alpe d'Huez, Stelvio and Passo del Tona le. Deviating from previous models are the
interventionspursuedinTyrolandintheProvince ofBolzano,basedonthesearchforan'organicmod el
Thechoiceofpreservingthetraditionalsettlement structureatthebottomofthevalleyintegrateda nd
revitalisedbytouristactivities;onlocalscalem anagementunderstrongcontroloftheadministratio nswith
liftsofsmalldimension;alimitationofsecondho mesbyencouraginghotelaccommodationstructuresi  n

theirvariousforms.

4.3! Thirdgenerationofskiresorts

FromtheFrenchstationsinSavoy,the  thirdgenerationofskiresorts ~ subsequentlystarted.Inthe1970s,
thefirstandthesecond-generationresortsbegant oshowweaknesses. Thethird-generationskiresorts
weretheresultofthevarioussnowplansoftheFr enchgovernmentsfrom1964t01977,whichaimedto

democratiseskiingandwintersports.Thisledtom ajorinvestmentsbybigcompaniesthatentrustedto wn
plannersandarchitectswiththedesignofentired estinationsfocusingespeciallyonthenecessities  ofskiers.
ThenewbornOsnowtownsO,wereconstructedwhereno  thingexistedbeforebutnature.Placedataltitude S
abovel,500metersa.s.l.,theyweredesignedasla  rgeresidentialcomplexesequippedwithalltheser vices
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requiredbythetourists(sportscomplexes,shoppin  gcentres,etc.)andwithadirectconnectiontoth eslopes.
Examplesofarchitecturalexperimentation,theyhav  esufferedacertaincoldnessandinabilityoverti me

whichmakeareconversiontosummertourismextreme lychallenging,resultingintoOghosttownsOforma ny
monthsduringtheyear.Themostexhaustiveexample  sare,asmentioned,thoseofSavoy,withtheresor ts
ofTignes,LaPlagne,Flaine,LesMenuires,Avoriaz ,andLesArcs.

4.4 Fourth-generationskiresorts

Adecadelaterthe fourth-generationskiresorts ,alsoknownasintegrateddestinations,weredevel  opedas
anevolutionaryresponsetothepreviousgeneration  s:locatedatoweraltitudes(neverabovel,400me tres),
theyarecharacterisedbygreaterattentiontowards potentialenvironmentalimpacts,nfluencedalsob  ythe
development of environmentalist movements, as well as greater care for architecture. The attemptin
designinganintegrateddestinationistoavoidmod ularityandlargehotelcomplexesinordertorecre ate
somearchitecturalfeaturesofmountainvillages.T  hesedestinationsareoftenbuiltnexttosomeanci ent,
oftendepopulated,settiements.Unfortunately,many  oftheseskiresortsarenowsufferingfromOthev rai
fauxtyroleanchaletOeffect. Thistranslatesinto  themanifestationofanartificialeffectincompar isonto
ancientvillages. The mostfamous examplesofthef  ourthgenerationcanbefoundinthe FrenchAlps:
ValmorelandtheAiguesBlanchesdistrict(Parisi&  Andreotti,2010) ButtherearealsoSwissexample s,such
asthebiggerskiresortofthecountry,Verbier.| nltaly,oneofthemostconspicuousexampleisthe Asiago
Plateau.Inaddition,themodestsuccessofintegra  teddestinationspromptedarchitectstodesignmore
human-scale settlements through the renovation of o Id Alpine villages. New, modern technological
applicationswereinsertedintooldhouses,whichw erelargelyremodelled(Bermond,2018).Inthisspi rit,a
numberofperipheralvillagesinBardonecchiaandC  ourmayeurinthewesternltalianAlpshavealsobee n
redeveloped.

Withtheevolutionfromthefirsttothefourthgen eration themanagementmodeloftheresortsthemse Ives
hasalsochanged,movingfromacommunitymodel,ba  sedonlocalmanagementofthetourismsector,toa
corporatemodel,managedbyholdingcompaniesandm  ultinationalsaswellascorporations(Flagestad&
Hope,2001).Atthesametime,thereisastrongte ndencytowardsexpandingtheareasathighaltitude S
dedicatedtoalpineskislopes,withtheconstructi onofnewcablecars,gondolasandskilifts.Follo wingthe
historicalexamplesoftheFuniviadeiGhiacciaica  blewayfromCourmayeurtoChamonixandthedomaine
Cervinia-Zermatt, many of them have taken on a cros s-border dimension, such as from Sestriere to
Monginevro(ViaLattea),fromLaThuiletoLaRosie re,fromBardonecchiatoValleStretta,ortrans-re gional
dimension,suchastheMonterosaSkicomplex,from  ChampoluctoGressoney,toAlagnaValsesia. !

35



P Pperep Co-funded by N _
(1] ll.t:"eg the European Union Beyondasnow

Alpine Space

5! Main climate variables and their effects on
AlpineSWTdestinations

Theamount,duration,andmeltingofthesnowisof considerableimportanceforalargenumbernatural
ecosystems and human activities such as agricultura | irrigation, water supply, hydroelectric power
production(Benistonetal.,2018;Magnussonetal. ,2020),andSTDs(Hanzeretal.,2020).Asobserve  dby
Freietal.(2012),theannualaccumulationandmel tingofsnowareamongtheenvironmentalchangesth at
haveasignificantimpactonclimatic,ecological, = andhydrologicalprocesses,includingthesurfacee nergy
balance.

The snow covering the ground is composed of a uniqu e material formed by a solid ice structure and

interconnectedspacesthatallowallthreeformsof watertoexisttogether.Overtime,snowundergoes a
transformation,transitioningfromafreshstateto becomingmoistorwetasitnearsthemeltingpoin t.This
transformation,knownasmetamorphism,altersthec =~ ompositionofthesnowcrystalsastheytransform

frombeingseparatedbyair-filledvoidstobeings urroundedbyliquidwater.Thecombinationofinter mittent
precipitation,wind,andongoingmetamorphismcreat  esdistinctlayerswithinthesnowcover.Eachlaye r
possessesuniquecharacteristics,includingmicrost ructure,density,hardness,liquidwatercontent,s  now
temperature,andimpurities. Thesedifferencesinp  hysicalandmechanicalpropertiesaredeterminedby  the

typeandstateofthesnowwithineachlayeranddi rectitsevolution.Environmentalfactors bothnat uraland
human-induced,impacttheindividualsnowcrystals  andtheirbonds,leadingtofurtherchangesinthe snow
coverovertime. Snowquantityandsnowcovercanb equantifiedusingdifferentparameters. Themost

commonlyusedaresnowdepth(HS),depthoffreshs nowprecipitation(HN,alsodenotedassnowfall),s  now
waterequivalent(SWE) snowcoverarea(SCA)ands  nowcoverduration(SCD)(Pirazzini,2018) Manyot ~ her
snowpropertiesareessentialforpredictingsnowa valanchedangerbutalsosnowmanagement,assnow
temperature liquidwatercontent,density,hardnes  s,crystaltypesandlayering(AINEVA,2019).

51.1 Interactionssnow-environment

Tounderstandtheinteractionsbetweensnowandthe surroundingenvironment,itisnecessarytoconsid er
thephysicalcharacteristicsoftheenvironmentits elf,suchaselevation,temperature,humidity,and  wind.
Thesevariablesarecloselyinterrelatedanddepend  ongeographiclocation,season,andweathercondit  ions.
Muchoftheknowledgeonsnowmeltingprocessesand itsrunoffpredictioncanbefoundinthereporto fthe
UnitedStatesArmyCorpsofEngineers(Hardyetal. ,1998)andtheworksofAnderson(Anderson,1975)
andColbeck(COLBECK,1978).Nowadays,severalphys icalsnowpackmodelsareavailableforanaccurate
simulationandpredictionofthesnowaccumulation andmeltinginmountainregions(Mottetal.,2011)
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Thereisagreatdiversity of models to simulate co Idregionprocesses. Severalmodels, suchasPrairi e
BlowingSnow Model (PBSM) (Pomeroy, 1989), CATchment HYdrology (CATHY) (PANICONI & PUTTI,
1994), HydroGeoSphere (HGS) (Therrien & Sudicky, 19  96), and Water balance Simulation Model ETH
(WaSIM!ETH) (Schulla & Karsten, 2007) GEOtop (Endrizzi et al., 2014), represent the complexity of
hydrologicalprocessesinadistributedmanner,but  onlyafew,suchasALPINE3D(Lehningetal.,2006 Jand
SnowTran!3D (Liston & Sturm, 1998), have a full multilayer d escription of snow processesincomplex
terrain.
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Figure2:Infographicofthephysicalprocessofsn owpacks.Source:SNOWPACKwebsite, WSL/SLFSNOWPAEIKch)

Today theissueofCCandenvironmentalsustainabi  lityisahighlyrelevantandconcerningtopicworl dwide.
Theincreaseintemperaturesiscausingadecrease  insnowfall, especially atlowaltitudesandlatitu des
(Bertoldietal.,2023).Inthefuture,allclimate projectionindicatethattemperatureswillcontinu etorise,
withsignificanimpactsonmountaincryosphere(Be  nistonetal.,2018).Thisdoesnotmeanthatwinte rswill
be completely devoid of snow, butrather that snowf allwillbe lessregularandresultinaccumulation
followedinsubsequentmeltingwithinwinterseason

BasedonavailableCCscenarios,theobservedgener aldecreaseinsnowfallintheAlpsinrecentdecad esis
expectedtocontinueduringthe21  Stcentury(Kotlarskietal.,2022). Recentstudiesb yEuracResearch
(Bertoldietal.,2023; Matiuetal.,2021; Matiu& Hanzer,2022),showsthatinautumnandspring,sn ow
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depthsdecreasedinallregionsandatallaltitude sintheAlps,whicharesubjecttotheinfluences ofthree
climate regions: the Atlantic, the Mediterranean, a nd the continental climate. The main Alpine ridge
representsthemostprominentclimaticooundaryand  separatesthenorthfromthesouth,whilefromwes t
toeast,theinfluenceoftheoceanicclimatedecre asesandthatofthecontinentalclimateincreases.  Thishas
animpactonbothtemperatureandprecipitation.Wh ilethetendencyofatemperatureincreaseisrathe r
homogenousintheAlpineregion,theprecipitation showsmoredifferentregionalpatternsandtrends. The
combinationofthetwofactorshasanimpactonsno wcover,asexplainedinthefollowingsections.

5.2! Temperatureandratesofsnowmelt

OneofthemostdirecteffectsofCCistheincreas eofglobaltemperatures.Scientificevidenceshows  that
humanactivities,particularlytheemissionofGHGs  likeCO2,arecontributingtothegreenhouseeffec tand
trappingmoreheatintheEarth'satmosphere(Casty  etal.,2005;Lal,2004).

TheEuropeanAlpsareoneregionoftheworldwhere climate-drivenchangesarealreadyperceptible,as
exemplifiedbythegeneralretreatofmountainglac iersoverpastdecades.Temperatureshaverisenby  up
to2jCsincel1900particularlyathighelevations, aratethatisroughlythreetimestheglobal-avera ge20th
centurywarming.Regionalclimatemodelssuggestth  atby2100,wintersinSwitzerlandmaywarmby3D5;j C

andsummersby6b7iCaccordingtogreenhouse-gasem issionsscenarios(IPCC,2023).
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Figure3:Snowcoverinthepresent(2000-2020)and expectedchangesinthefuture(2071-2100):averag eareacoveredbysnowinwinter
(DecembertoFebruary)andspring(MarchtoMay).S atelliteimageswereanalysedfortheperiod2000- 2020.Therepresentationoffuture
trendsisbasedonregionalclimatemodelscalibrat edwithsatelliteobservations. Themapshaveahor izontalresolutionofapproximately12
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Figure4.Example-TemperatureTrendofTrentinoD SouthTyrolregion,ltaly(Bertoldietal.,2023). Trendsanalysisformeantemperature
showsthattrendsarepositiveforeachinvestigate delevation,withthelargesttrendsdetectedatio welevation.

Inorderforsnowtoform,acrucialcombinationof moistureandfreezingtemperaturesmustexistint he
atmosphere.Usually,snowflakesstarttheirdescent  whenthetemperatureneartheearth'ssurfacedrop S
belowzerodegreesCelsius.ltisexceptionallyunc  ommonforsnowfalltooccurattemperaturesashigh as
fivedegreesabovefreezing,andthisusuallyhappe  nsonlyunderextraordinaryconditions(EuracResea  rch,
2021).0Oncethesnowpackiscreated itissubject totheprocessofmetamorphosisandthustomelting since
itisin contactwith atmosphericforcing.The proc essofsnowmeltingisanon-linear process and can

generallybedividedintothreephases(Dingman,20  15):(i)warming,(ii)ripening(liquidwaterispr esentin
thesnowpack),and (iii) runoff(liquidwaterisre leasedbythesnowpack).Nevertheless,themelting  ofa
snowpackdoesnotconstantlyprogressthroughthep uresequenceofthethreephases.Typically,whent he
aitemperaturestaysabovezeroforextendedperio dsduringtheripeningphase apartialmeltingof thetop

layerofsnowtakesplace . Thiscausesthewaterre leasedtoseepintothesnowayerandsubsequently  freeze
again.Asaresult,thetemperaturewithinthesnow packrisesduetothereleaseoflatentheat.Inth esame
way,surfacetemperaturesofsnowcandropbelowze roduringthemeltingperiod,andthesuperficiall ayer
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mustwarmupagainbeforethemeltingcancontinue. Theevolutionofsnowduringthemeltingperiodis
determinedbytheenergybalancethatformsbetween thesnowandthesurroundingenvironment. This
energybalanceishighlyvariableanddependsonlo  calfactors.Snowisincontactwiththegroundon oneside

andtheatmosphereontheother,exchangingenergy inbothdirections.Furthermore,duringthesnowmel t
process,anadditionallateralexchangeofenergyo  ccurswithinthesnowpack(Bartelt&Lehning,2002)

5.3! Precipitationandsnowfall

TheAlpinemountainsrangeistheoriginareaoffo urimportantriversystemsinCentralEurope.Varia tions
inprecipitationdistributioninthisregionhavea hugerelevanceatasupra-regionallevel,asthey influence
thefreshwatersupplyinbroaderenvironments. Moun tainsstronglyinfluence precipitationdistribution
Thisismainlyduetotheinfluenceofmountainson airmovements.Athigheraltitudes,windwardslope S
generallyexperiencegreaterlevelsofprecipitatio  n.Conversely,onleewardslopes,airmassestendt  obe
drierleadingtoreducedrainfallandsnowfall.(E uracResearch,2021).

TheAlpsarealsocalledthewatertowersofEurope forthisreason.(Vivirolietal.,2020).In Errore.L'origine
riferimentononestatatrovata. anexampleofthespatialdistributionofseasonal precipitation.
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Figure5.Spatialdistributionofseasonalprecipit ation(P)expressedin[mm/decade]dividedinto3m acroregions: South-WestbNorth
South-East.Eachpointrepresentsonestationandt hecorrespondingtrendvalue:blue(red)trianglesindicatepositive(negative)trends;gray
squaresindicatenegligibletrends(i.e.,betweend.5and0.5).Source:(Bertoldietal.,2024).
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AsBeniston(2012)claims,duetotheCC precipita tionintheAlpineregionisexpectedtoincreasei nwinter
andsharplydecreaseinsummer.Theimpactsofthes  elevelsofclimaticchangewillaffectboththena tural
environmentandanumberofeconomicactivities.Th ealteredtimingofsnowmeltaffectstheavailabili tyof

waterneededbyalpineplants,havingdirectconseq  uencesontheirgrowthandadaptability(Rammiget al.,
2010).0Overthepast40years,snowdepthhasdecre asedatmostmeasuringstations,butwithdifferenc es
dependingonmonth,altitudeandlocation(EuracRe  search,2021).
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Figure6.Spatialdistributionofseasonalsnowfall (HN)expressedin[cm/decade]dividedinto3macro regions:South-WestbNorthBSouth-
East.Eachpointrepresentsonestationandthecor respondingtrendvalue blue(red)trianglesindicatepositive(negative)trends,graysquares
indicatenegligibletrends(i.e.,between-0.5and 0.5).Source:(Bertoldietal.,2024).
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5.3.1 Precipitationandtemperaturelnteractions

Asaltituderises, temperaturestypicallydeclineo  fabout6 Cevery1000m.IfCCisnotsloweddown,
temperatures will certainly continue torise and th e distribution of precipitation willalso change. | tis
possible thatprecipitationwillincreaseinthe Al psinwinter. However, alsointhis case dueto hig her
temperatures,therewillbelesssnowinautumnand spring(NOAA,2022).

Recentstudies(Bertoldietal.,2023;Colomboeta [.,2022),suggestedthatatiowerelevations(belo w1700
ma.s.l.inthecentralltalian Alps)thereisacl eardecreaseinsnowabundance (HN)duetoasignif icant
increase in average temperature. Favourable circums tances for low-elevation snowfall are becoming
increasingly rare and depend on favourable large-sc  ale weather patterns. Additionally, due to global
warming,thereisapossibilitythatrainmayoccur insteadofsnow.Ontheotherhand,athigherelev ationsa
slightincrease in precipitationand aslightincre aseinaverage temperature, which still allows for low
temperaturesduringwinter,favorthepresenceofs nowandpotentiallyanincreaseinsnowabundance.
However duringspring,whenevenathigherelevati onstemperaturesplayalimitingrole anoveralin egative
trendinsnowabundanceisobserved.
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54! Wind

Windisthemovementofairontheearth'ssurface fromanareawherethereis'toomuch'air(densea ir
and/orhighpressure)toanareawheretheairisn otverydenseand/orlowpressure. Windisahighly
dynamicfactor,particularlyinregionscharacteriz  edbyintricateambientwindpatternslikethosefo undin

mountainousareas.ltisnowgenerallyacceptedtha  tCCisaccompaniedbyanincreaseinfrequencyand
intensity(Trans-AlpProject,2022)ofextremeweat herevents(IPCC,2021),whichoftenincludestrong or

verystrongwinds.Oneofthemostimportantwinde ffectsconcernsthecompositionofthesnowpack:by
transportingsnowfromwindwardtoleewardslopes, snowcrystalsarebrokenintosmallerparticles,lo ose
snowcrystalsarepressedtogether,formingwindsl absaswellashardwindcrustsandinsulatingthe snow
surface from solar warming. Wind is one of the majo r factor for avalanche risk and also a key factor
controllingsnowaccumulation,especiallyabovethe  tree-line(AvalancheCanada,2023).Fromaphysica |
pointofview,thewindcontributestothetransfor mationofsnowbyincreasingtheimpactsbetweenth e
crystalsandcausingtheirstructuretobedestroye dandmultipleflakestomerge.lnparticular,thre etypes
ofwind-inducedsnowtransporteffectscanbedisti nguishedaccordingtowindintensity:

Il Lowwind(<4m/s)thegrainsaretransportedint hedirectionofthewindandareroundedoff(rolli ng

transport). Through this process, the snow accumula  tesin small depressions and smooths out
irregularities,formingthecharacteristicundulati  onsonthesnowsurface.

Il Mediumwind:thegrainsareliftedfrom10centimet resuptolmetre(skiptransport).Thisprocess
leadstothedevelopmentofconcentrateddepositso fsnow,whichcanappearassurfacecreasesor
snowbanksdrivenbythewind,resemblingsnowdunes

Il Highwind:conditioninwhichsnowcloudsarecreat edthatcanreachhundredsofmetres(carriedby
windturbulence).Whenthisphenomenoniscombined  withfallingsnow,ablizzardoccurs.

Inpractice, thesnowtransportbywind,andinpar ticularbystrongwinds(Meister,1989)isaprimar yfactor

inavalancheformationwhichinturnhasanimpact onthesafetyofpeopleandinfrastructureandthus on
theSTDactivities.licanalschaveanegativeimp actontheattractivenessfortourists,asreported inarecent
empiricalstudyinaGreekskiareawhichconfirms thatskiersmostlyfinditunacceptabletoskiduri ngstrong
orverystrongwinds(Kapetanakisetal.,2022).In deed,althoughisquiteusualforskierstobelieve thatthey
canskiinanyweatherorwindspeedstheyfeelcom fortablewithandskiingisnormallypossiblealso during
highwindspeedsuptoabout60km/h,whenwindspe edsexceedthislimit,itbecomestrulyrisky,forc ing
mostskiareastoshutdownliftsandcablecars H ighwindspeeds thatreach130km/hommore(Meteo Swiss,
2023)caneasilyblowskiersdownoroffaslopewi thahighriskofinjuries(Carus&Castillo,2021) Windcan

alsonegativelyimpactthe humancomfortfactor: Sk ierswho are comfortable skiing atthe Ocurrentor
normalQairtemperaturemaynotbepreparedfornow coldorhotthewindis,andfrostbite hypothermi aand
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hotflashescanoccurveryquickly.Particularlyin tenseandstrongformsofwind,suchastherecent OVaiaO
Storminltaly,canalsocausesubstantialdirectd amagestoinfrastructureandlandscape.

MAIN STRONG WIND EFFECTS

X ~ + J
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| Ski slopes H
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Figure7:Diagramofthemaineffectsof(strong)w indonSTDs.Source:BeyondSnowproject.

5.5! Snowcoverdurationandsnowdepth
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Changesinsnowcoveranddurationhaveacritical roleinmountainenvironmentastheyareinterlinke dto
wateravailabilityindownstreamareas.Infact,ch angesinwaterregimesderivedfromsnowmeltvaria bility
can affectseveral sectors suchasagriculture,tou  rism, and hydropower production (Hussetal.,2017;
Bormannetal.,2018).Inthiscontext,twomainin dicatorsderivedfromtimeseriesofsatelliteimag essuch
aschangesinsnow coverduration (SCD)andsnowco  verarea(SCA)canbe ofutmostimportance to
understandthecurrentsituationandtheimpacton STDs.Morespecificallytheavailabilityofaround 20
yearsofdataallowsdetectingthetrendsatthele velofsinglemunicipalities.

Toperformthetrendanalysis, snowcovermapsprod ucedbyEuracResearchthroughthealgorithm of

Notarnicolaetal(2013)areexploited.Thealgorit hmmakesuseoftheMODISproductataspatialreso lution
of250mforsnowdetection.Thealgorithmallowsa binaryclassification(snow/snowfree)at250msp atial
resolution,representinganimprovementwithrefere  ncetootherstandardMODISproductsat500m.The
mapscoveraperiodofmorethan20years,withad ailyimagefrom2002uptonow.
Cloudpresencerepresentsarelevantissue,particu  larlyinregionslikethe Alps, wherepersistentcl oud
coveragenotablyimpactsthearea,especiallydurin  gthewinter,forapproximatelyhalfofthetime(P arajka
&BISschl,2006).Forthisreason,acloudreductio nalgorithmthatgeneratesacloudfilteredmapis firstly
applied.Thealgorithmconsidersatimewindowof+ -2days.Onlypixelshavingsnow(ornosnow)int he

imagesinsidethiswindowbeforeandafterthedate tobecorrectedisclearedfromcloudpresence.

Afterthisstep,twosnowpresenceindicatorsfore achofthemunicipalitiesthatarepresentinthes tudyarea
intheAlpsarecomputed.Forcomputingthefollowi ngmetrics,theinformationaboutsnowpresenceat the
levelofthepolygonsrepresentingthemunicipaliti esisaggregated.Whenreferringtoaperiodofly earthe

hydrologicalyearstartingfromthel ~ S'ofOctobertothe30  "ofSeptemberisconsidered.Thefirstindicator
isthesnowcoverarea(SCA),i.e.,thepercentage  ofpixelsinsideeachpolygonthatiscoveredbysn ow.The
secondindicatoristhe snowcoverduration (SCD), i.e.,thenumberofdaysthatshowpresenceforthe
considered area. Inthis case, the cloud presencep  utting athreshold of 50% in terms of SCA for the
consideredpolygonisdiscriminated.Alsointhisc ~ ase,annualmeansarecomputed.

Basedonthesemapsavailableforalongrecordof data(about20years),atrendanalysiscanbeperf ormed
tounderstandwhethertherearepositive(increase ofsnowcoverareaorsnowcoverduration)ornegat ive
(decreaseofsnowcoverareaorsnowcoverduration )changes.Thepresenceofamonotonicincreasingo  r
decreasingtrendintimeintheanalysedvariables foragivenareaisassessedwiththenon-parametri cMann-
Kendall(MK)test.TheTheil-Senslopeisreported forbothSCAandSCDinFigure8.
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Figure8.Theil-Senslopevaluesindicating positiveandnegative changesforthe snowcoverareaSCA ;bottom: Theil-Senslopevalues
indicatingpositiveandnegativechangesforthesn owcoverdurationSCD.
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Foraclearerinterpretation,wealsoplottheresu [tsofthetestasaclassificationofthemunicipa litieswith

placeswithdecreasing,increasingandnotrendare  asforbothSCAandSCD.

Figure9. Top:positiveandnegativechangesforthesnowcov erareaSCA;bottom:positiveandnegativechanges forthesnowcoverdurationSCD

a7



6! Currentresponses

Ingeneral tourismdestinationshavetoconsidert heseasonalfluctuationsoftheirtourismflows.Wh ilecity
andculturaldestinationsexhibitminorvariations oftourismflowsthroughouttheyear,andsun-&-bea ch
destinations concentrate their efforts onthe summe rmono-season, mountaintourismdestinations are
usuallyshapedbyabi-seasonaldistributionoftou ristinflux,displayingtouristarrivalandovernig htspeaks
inwinteraswellasinsummer. Withinthesetwohi ghseasons, furtherOmicro-seasonalitiesOareprese nt,
whichtranslateintopeakdaysorweekswithinthe overalwinterandsummerhighseasons,beinginflu ~ enced
bythedifferencebetweenweekdaysandweekends,ev  entsand,mostofall fixed(e.g.,Christmas)asw  ellas
moving(e.g.,Easter,Carnival)holidays(Candela& Figini,2012).Beingthetourismexperienceanint angible
product(onebednotsoldonenight,cannotbestor ed,andsoldthenextday-Therevenueofthatbed is
inevitably lost), tourism destinations, for beinge  conomically viable, are required to ensure the best
conditions to attract and retain the most adequate number of guests within an optimal time period,
independentlyoftheirsize(Moreno-GenZetal.,20 18,2020).

6.1 Skiabledays

SWTdestinations,especiallythoseconcentratingon  skiing,arehighlydependentonthe(optimal)exte rnal
weather conditions throughout the winter season. In terms of CC effects on ski operations of SWT
destinations, aninitialassessmentcanbeundertak  enbyfollowingthe 100-dayrule, firstsuggestedb y
Witmer(1986).ltstatesthatinordertosuccessfu llyoperateandbeingdefinedassnow-reliable,as kiarea
necessitatesofasnowcoversufficientforskiing (snowdepth $30cm),lastingatleastl00daysperseason
insevenoftenwinters(Abegg,1996).Althoughnot animperativerule,ithasbeenwidelyacceptedam ong
skiareaoperatorsinEurope,NorthAmericaandNew Zealand(Abeggetal.,2007;Hendrikxetal.,2012 ;
Scottetal.,2008).Inordertoensuretheseoptim alparameters,thepercentageofslopeareas,onwh  ich
technicalsnowisemployed,amountedto25%in Germ any, 39%inFrance, 54%in Switzerland, 70%in
Austriaand90%inltaly(ProvinceofSouthTyrol) (SeilbahnenSchweiz,2022). Theprovisionofadequa te
skiingconditionsbecomesevenmoreimperativeduri  ngthe(economically)importantChristmas,NewYear s
EveandCarnivalholidays(Demirogluetal.,2016).

Nextto snow depth, additional climatic conditions, which contribute to an optimal skiday (OSD), are
precipitation, temperature, snow depth, sunshinedu  ration, and wind speed (Berghammer & Schmude,
2014).Comparedtothe2010s,untilthe2050sinth eGermanAlpsOSDsareexpectedtodeclinebetween
¥85%and ¥®1%(Steigeretal.,2017). !
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6.2! Night&sunriseskiing

Skiingorsnowboardingaftersundown,hasbeenoffe  redinsomeAlpineskiareassincethe1950s.Withi n
them,twoorthreetimesaweek,afewslopesarep reparedandilluminatedwithspecificfloodlightsf or
nocturnalvisibility Ittypicallybeginsafterthe endofthedailyskiing(normallyatsunset)ande ndsbetween
8:00PMand10:30PM,permittinglastrunsfordail yskiersandofferingthepossibilitytoexperience the
activityduringnighttime.Insomeothercases,suc  hasintheskiareasoftheltalianDolomites,nig htskiingis
allowedaftertheslopeshavebeenre-preparedafte r7:00PM,enablingtheskierstosafelyskionpac ked
snowalsoduetothetemperaturedecreaseduringni ghtfall.Inrecentyears,theportfolioofnightwi nter
activitiesofsomeskiareashasbeenexpandedwith nightsledding,snowshoenight-excursionsonprepa red
andfloodlittrailsandnight-timefreestyleparko penings,activitieswhicharegaininginpopularity ~ andare
growingrapidly.

Otherskiareasarealsopilotingearlymorningope ningsofsomeskifacilitiesandslopes.Theyareo fferedas

newandexcitingexperiencesformountainskiers:S  kiinginthesilenceofmountainpeaksduringthee arly
hoursoftheday,whilethesunstartsilluminating thefreshlygroomedslopes.Thisisoftenaccompan iedby
particularbreakfastoffers.Insomecases,theses itesfeatureearlyclosuresoffacilitiesintheaf ternoon.

6.3! Snowmanufacturing

6.3.1 Technicalsnow&atrtificialsnow

Thecorrecttermforsnowwhichhasbeenproducedw iththeaidofsnowgunsis"technicalsnow".This is
oftenreferredtocolloquiallyasOartificialsnowO .Itconsistssolelyofwaterandairanddiffersf romnatural
snowonlyinthatitisproducedbyamachine.Int hetruesenseoftheterm,artificialsnowreferst osnow
usedfortheaterandfilmandmadefromplasticor polystyrene(TechnoAlpinAG,2023).

6.3.2! Technicalsnow

Technicalsnowmakingprovidesnowadaysthebasisfo  rwintertourism.Withoutsnowmakingsystems,ski

resortswouldoftentimesnolongerbeabletomeet today'sincreaseddemands.AccordingtoTechnoAlpin
AG(2023),0neoftheworld'sleadingcompaniesin theproductionofskifacilities,thesnowreliabil ityisthe
numberonecriterionwhenitcomestochoosingaSW Tdestination.Asstatedbythiscompany,somestud ies
(notverified)alsoshowthatjust20%ofvisitors willacceptextrasorhotelservicesbywayofcomp ensation

forinsufficientsnow.Especiallywhenplanningas  kiingholidaywellinadvance,winterholidaymakers  will
choose the destination which has the facilities to offer guaranteed snow for the dates in question.
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Guaranteedsnowisalsoadecidingfactorforpoten tialinvestors.Besidesthedirectaddedvaluefor ski

resortsbywayofcablecarsorskischools,techni calsnowalsoformsthebasisforindirectaddedva luefor
entireregionsandhasanimpactonthehotelsand restaurantsinthesurroundingarea.

6.3.3! Technicalsnow/naturalsnow

Like natural snow, technical snow consistsexclusiv  ely ofwaterand air. The only differenceliesint he
productionmethod.Technicalsnowisproducedbyre plicatingthenaturalsnowformation.Naturalsnow is
formedwhenthefinestwaterdropletsaccumulatein thecloudsoncrystallizationnuclei(e.g.,dustp articles)
andfreezethere. Theresultingice crystallattice s(lessthan0.1mminsize)falldownwardsdueto the
increasingmass.Onthewaytoearth thewatervap orintheairaccumulates,causingthecrystalsto continue
growing.Thesizeofthesnowflakesdepositedasne  wsnowdependsonthetemperature . lfitiswarmer than
-5iC,largesnowflakesform.Atcoolertemperature s,theairbecomesdrier,andtheflakesaresmalle r.The
principleofformationisthesamefortechnicalsn ow.Theonlydifferenceisthatthesnowcoreispr oduced
byamixture ofwaterandcompressedairthroughth esnowgun.Duetotheloweroveralldropheight,
however,technicalsnowhasaslightlydifferentcr ystalstructurethannaturalsnowandisharderbec ause

thesnowflakesaresmaller(TechnoAlpinAG,2023).

6.3.4! Fanguns

Fangunsareoftenalsocalledsnowguns.Foralon gtime,mobilefangunsweretheonlymodelswhich were
used.Assnowmakingtechnologydeveloped,however, thestationaryinstallationsalsobecamepopularfo  r
surfacecoverageinordertoavoidset-uptimes.Fa ngunsarecharacterizedbyawideprojectionrange ,high

snowoutput,lowwindsensitivityandflexibleuse. Therefore,theyaremainlyusedonwideslopes,in areas
withahighdemandforsnoworinopenareasexpose dtowind(TechnoAlpinAG,2023).

6.3.5! Snowlances

Snowlancesbasicallygeneratesnowinthesameway  asfanguns.Agreaterheightisrequired,however o

crystallizethesnowflakesbecausetheylackthepr opeller,orturbine, fittedinthefanguns. Snowl| ances
thereforehavealowerprojectionrangeandgreater windsensitivity buttheyaremoreaccurateinte rmsof

wherethesnowlands.Thequantityofsnowproduced byalanceissimilartothatofasmallfangun. Ideal

fieldsofapplicationare forinstance narrowslo pesectionswithoutparticularexposuretowind,co nnecting
slopesorskitrails(TechnoAlpinAG,2023).
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6.3.6! Snowfactory

Thesnowfactoryisasnowgeneratorwhichcanalso beusedinwarmtemperatures. Thesnowfactoryis
designedtoaddtothe possibleapplicationsofsno wmakingtechnologyandisthereforemainlyusedon
lowerslopesectionsorateventsinlargetowns.T hesnowfactoryproducessnowbymeansofaninnova tive
coolingtechnologywithoutanychemicaladditives. =~ Nocomplicatedbuildingworkorfittingsarenecess ary
toinstallitwhichiswhyitisalsosuitablefor temporaryapplications(TechnoAlpinAG,2023).

6.3.7! Abouttheuseofecologicalandeconomicresources

Mostskiingeventsatthe2018WinterOlympicsinP yeongchangtookplaceontechnicalsnow. Thisisa
strikingexampleofhowimportantisfortheskiin dustrytoinvestgreaterandgreaterrelianceonte chnical
snowtosecuretheskiactivitiesandthewinterto uristseason.Smallcommunitiesalmostalwayslack  such
resourcestoinvestandrelyonnationalorregiona Ipublicfundingwhereavailable.ltisstillatop icofstudy
anddiscussionwhatistheenvironmentalandtheec onomicimpactofthereplacementofthenaturalsno w
withtechnicalsnow.

Thefirstconsiderationistheresourcecost.Havin gtocreatesnow jlluminatingtheslopesatight, operating
theliftsforlongerhoursandresurfacingsomeslo pesforextraordinaryopenings,etc.increasesthe  STDs
expenses, limiting profitability. Warmer weatherme  ans reduced snowmaking efficiency, so a greater
numberofsnowfangunswillberequiredtomaketh esameamountofsnow.ArecentstudybyPickering &
Buckley (2010)determinedthatthe efficiencydrop isespeciallytrue atloweraltitude resortswhere a
warmingclimatewillbefeltfirst.

Itisempiricallyclearthatmoresnowgunsmeanmo rewaterpipes,compressors,andothertechnicalan  d
digitalinfrastructurenecessarytooperatethem.T hankstotechnologicalinnovationslessandless(a  bout
80%comparedtoafewyearsago,withsomeinstrume ntsrunningonzeroelectricity),butfanguns/la nces
andtheirsupportequipmentstillrunonelectricit y.Exceptforafewcasesoftheuseofverylocall yproduced

renewableenergy(solarpanels,miniwindturbines, locallycompatibleminihydroelectricoowerplants etc.),
thesetoolstendtoincreaseGHGemissionsandthe relatednegativeexternalitiesonclimate.lllumina  ting

the slopes at night and operating the lifts at nigh tor early in the morning also have some negative
environmentalimpacts(e.g.disturbancetowildlife  ,lightandnoisepollution,etc.).Anothercentral topicin
today'sdebateisthedepletionofthegood-resourc ewaterforsnowproduction Evenwaterforsnowmak ing
isnowmainlytakenfromspeciallycreatedreservoi rs,thequestionremainsopenastoitspriorityus ein
areasandperiodswhenthisresourceisinlimited supply.
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6.4! Snowfarming

Itisasnowaccumulationandmanagementtechnique,  alreadytestedandusedinpastyearstosafeguard

glaciersfrommelting.Accordingto(GrYnewaldeta  1.,2018),largeamountsofsnowarecollected,als  oat
lowerelevations,attheendofthewinterorprodu cedbysnowmachinesandconservedoverthesummer
monthsinaso-calledsnowdepot.Giventhataski slopeneedsapprox.20-40thousandcubicmetresof ~ snow
tobepreparedforwinter,andathicknessofatle ast30-40centimetresforskiing,snowfarmingmay be
consideredapracticethatisnotalwayseconomical ~ andmoreappropriateforcross-countryskiruns,o ronly

forcertainsectionsofdownhillslopes,orforspe cialcircumstancessuchasthepreparationofslope  sfor
importantevents.

Figurel0.LivignoSnowfarm.Source:APTLivigno,2023. https://www.livigno.eu/en/livigno-snowfarm
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6.5! Non-snow-dependentactivities

6.5.1 Notonlysnow.Towardsmultifacetedterritoriesandtourismdestinations

Inseveraldocuments ofthe EuropeanUnion,e.g.,t  he Green Paperon Territorial Cohesion (European
Commission,2008) theconceptofaOdifferentOter  ritoryemerges,pointingtowardsastrategicapproa  chin
theviewofamoresustainabledevelopment,basedo nitseconomic,environmental,energyandcultural
potential. This led to the introduction of reflecti ons about re-orientation policies regarding mountai  n
territories focused onthe mass tourismindustrial policiesandthe policiesoneconomicassistancefo r
technicalsnowmaking.

Studiesconductedonsocio-economicandhumanscien ceshavehighlightedanarrayofdistinctivefeatur es
ofthemountains,derivingbothfromco-evolutionar yrelationsbetweenlocalcommunitiesandthenatur al

environment,aswellasfromtherelationshipwith therestoftheworld.Theserelationshaveinfluen cedthe
mountain territories in the use of the soil, agricu ltural and farming practices, settlements, landscap es,
culture,socialorganisationsand,moregenerally, theterritorialpracticessuchassportactivities, usually
taking placeabove 1,000m, and especially winters ports. Inthelasttenyears, while certain mountai n
developmenttrendssawagradualdecline,newtrend  sandapproacheshavegraduallybecomethemain
factorofeconomicgrowthinthemountainareasmor eaffectedbyCC.Thisdevelopmentisquitelimited to
arestrictednumberofareas,incrisisduetolimi tedsnowcover,depopulation,andeconomicdecline.

Inthesemountainareas,someresourceshaveastro  ngpositiveimpact. Theseresourcesencompassthe
largeallocationofwater,hydro-electricresources  andforestbiomass,biodiversity,theprovisionof "eco-
systemicservices" typicallocalproducts,cultura  Idiversitywithitsrichmaterialandsymbolicher itage,the
know-how connected to the numerous activities and m ulti-functionality of the territory, cooperative
practicesandcommunityorganisationsforthemanag  ementofcollectiveproperties,andthesimplificat ion
ofcross-borderrelations. Thedifficultiestocons  iderarehydro-geologicalrisks,ahighervulnerabi  lityto
climaticchange, thereductionofagriculturalprod uction, the obstaclesrepresented by morphologyand
climate theweakinstitutionalstructures,andthe subsequentlackofpoliticalautonomyofmanyterr itories,
whichoftentimesareconsideredmereappendicesof  strongcentralizedareas.

Consideringtheseaspects formanymountainareas thismeanstorestarttheinterruptedevolutionary path,
whichisoftentimesconnectedtoacontaminationof thetangibleandintangibleheritagewithinnovati ve
solutions butsuitabletothenatural socialand culturalenvironment,whichneedstokeepitspecul iarityalso
inthecontextofCC.AsstatedbyBonomi(2013),p .67)Oresilienceistheoppositeofrigidity,you endureto
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moveforward, nottowithdrawintosadnessanddesp erationagain. Youdoittoopenuptohope,asa
consciousaspirationtoanewfutureO.

Initiativescarriedoutinthisframeworkregardne wformsoftourism,withinwhichthere-interpretat ionof
localresourceshasnowbecomethetriggerfordeve lopmentcombininglocaland supra-localnetworks
(Fourny, 2014). These initiatives are targeting spe  cific touristic niche markets, interested in nature ,

agritourismetc.Inordertocreateprocessesofte rritorialregenerationenhancingtheunderestimated  local
potentialconsideringstronglydeclinedorabsence  ofsnowcover twofactorsarekeyelementstoimpl ement
innovation:theobjectivepresenceofspecificterr itorialresources(naturalandcultural)andthesu bjective
perceptionofthe potentialcustomers. Thelatteri stheonethathaschangedthe mostinrecentyears ,
generatinganewdemandfomewformsoftourism,f orexample,eco-tourismorculinarytourism.Social  and

culturalchangeshaveresultedinseveralchallenge  sforalpinetourismwhichareencouragingthesea rchfor
innovation.

Inthewintertouristsfrequentlyvisitmountainst operformcommonsnow-relatedsportactivities,suc ~ has
downhillandcross-countryskiing,skimountaineeri  ng,Nordicskiingaswellassnowshoehiking.Furth er,
oftenunderlyingmotivescanalsocompriseseeking  nature,culture,andrelaxation.Particularlyaffec  tedby

thisnewtrendareskiresorts,whicharenolonger justidentifiedasskidestinations,butbecomea tourism
destinationwherethevariousadditionalexperience  scanbeenjoyedholistically.Inthescientificli terature,
variousmodelshaveattemptedtorespondtothemat urephaseofthedevelopmentlifecyclereachedby

many of these resorts (Buhalis, 2000). Amongthese,  one of the mentionable modelsis the 4L model
(landscapeleisure,learningandlimit)definedby  authorsasO4LtourismO(Franchetal.,2008),whi  chcould
provide mature destinations with the means to innov ate their tourism products in a sustainable way.
Currently,onlyafewskiresortshaveattemptedto interceptthe4Ldemand.

Inrecentyears,theeffectsofCCledtotheneces sitytoreconsidersomeoftheessentialelementso fSWT
destinations.Shorterandmilderwintersarelikely ~ tocausechallengestotourismbusinesses,notonl  yinthe
Alps(SievSnenetal.,2005).Thetourismindustry  shouldthereforebepreparedtodevelopandimpleme nt
other activities and products alongside snow-based  recreation and to offer mitigation options for this
economicsector(Steigeretal.,2020).Decreasing  aswellasirregularsnowfallcompelledmanyskire sortsto
differentiatetheirofferings,ideallyutilizingth eterritorialresourcesalreadypresentinthearea andnew
establishingnetworkswithotherlocalandregional players(Dissart,2012). Whilethemainattraction factor
ofaskiresortremainsskiing,thedifferentiation ofthetouristofferallowsthedestinationtobe attractive
whiledecreasingitsdependenceonfavourableweath  erconditions.
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Figurell.Outlineofthemainski-relatedandothe rpossiblewinteractivitiesinmountainarea.Sour ce:BeyondSnowProject,2023

Concerning this matter, two strategies encompassth e creation of opportunities for non-snow related
tourism products while stillmatching the expectati onsofnon-skiers. Onthe oneside, skiresorts hav e

startedtoproposedifferentofferslinkedtocultu ral,gastronomic,aswellassportspossibilitiesb ~ asedon
shortnetworks,withsportspersonsfromtheterrito ry,oronlongnetworks,withsportspersonsfromot her
territories(Figurell).Ontheotherhand manySW Tdestinationswhichfocusedtheirmaineffortssol elyon

thewinterseason,havebeguntodevelopproductsa ndactivitiesalsoforsummertourism.Theyconvert ed
theinmageonthetourismmarkettooutdoorvenues toutcourt byenlargingtheiractivityportfoliowithnew
sportsopportunitiesaswellasculturalinitiative s(festivals,bookfairs,filmfestivals,foodand wineevents
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etc.).Duetoincreasinglymildautumnsandsprings
summerseasonandthede-seasonalisationofflowsb
ashiking,biking,andcanoeingalsoduringthesesh

[thisstrategyisalsopropaedeutictotheextensi
yenablingthegueststopursuesummeractivitiess

onofthe
uch

oulderandlowseasons.

Howskiresortscopewiththelackofsnow(strateg

iesandnetworking) !

Shortnetworks

Longnetworks

Collaboration with the local historical-architectur

historical-artisticbuildings)

heritage system (local museums, eco-museums,

al

Collaboration with the historical-architectural
heritagesystemotthesurroundingfoothill Jowlan d
ortowns(e.g.,Alpinetowns,capitalcities)

Collaboration with local farms regarding
products
Proposalforastarredcuisineinlocalrestaurants

Farmvisitsforfamilies

zerokm-

Collaborationwithotherregionaltourismsystems
(e.g.,winelandscapes,productroutes,etc.).

Organisation of events and shows related to the
cultureoftheareaand/orregion(themeeveningsw

evenings,visitstolocalartisans)

ith

nature parks, local associations, enogastronomic

Organisation of day trips: city tours, shoppingin
shoppingcentres,themeparks

tennis.

Integratedoutdoorofferincludingotheractivities £e.g.,
hiking, cycling, golf, paragliding, canoeing, fishi ngbut
alsodifferentwaystoenjoytraditionalpathssuch as
hikingwithanimals,fullmoonhiking thematicpat hs.

Integrated indoor activities, e.g. climbing, swimmi  ng,

Organisationofon-siteeventsrelatedtoregional
specificities (e.g., wine tasting eveningsincludin g
winesandproductsfromthevalleyfloor/plain)

Wellness offers both within accommodation

infrastructuresaswellasinSpacentres.

Tablel:Strategiestoovercomethesnow-basedwintertourism.!

IMethodologicalnote:thetableisderivedfromthe

analysisofthewebsitesrelatedtofourskiresor

tsinFrance(SerreChevaliervallZe

Brianeon),Westernltaly(Praliskiarea),Easternlt aly(AlpeCimbraFolgaria-Lavarone),andSwitzerlan d(PaysduGrandSaint-Bernard).

Twoofthemaresmallskiresortswithlessthan50
fourskiresortsarelocatedatmediumaltitude(1,
a.s.l).

kmofslopes.Theothersaremedium-largeskireso
100-1,200metersa.s.l.)althoughiftheliftscoul
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7! CommunityperceptionofClimateChange

CCcangeneratethenecessityofphysical,environm  ental socialand/oreconomicchanges/transformatio ns
ofAlpineSWTdestinations. Theirlocalcommunities  areincreasinglycalledtogivearesponsetochan ge
throughinitiativesleadingtoadaptationandneww aysofresourcemanagementduetoextremeclimate
phenomena. Progressively significant changesincrea se the relevance of attitudes in response to new
situationsthatdependontheperceptionofthecli mateproblem,andconsequentlythemeansthatarem ade
available.

Anall-encompassingunderstandingofCCbylocalpo  pulationsandcommunitiesisnotobvious(Jurteta L.,

2015)andindeedtherearemanydifficultiestocom prehendaglobalphenomenonandtranslateittoal ocal
scale resultinginoneofthekeyissuesbeing'th esocialconstructionoftheclimateproblemissti llargelyto

bedoneatlocallevel'(BrZdifetal.,2015).The themeoftheperceptionofCCinAlpineSWTdestina tionsby
localstakeholdershasbeenthesubjectofresearch  sincethelate90s,about10yearsaftertheresea rchof

impactandvulnerabilitiesassessments (Abegg, 1996 ).Todayinfieldresearchtherelevance ofthe CC
perceptionofstakeholdershasalimitedrole.

Theabilitytoadapttheskiandtourismsystemsto thenewchallengesinevitablyneedstobebuiltup onthe
sensitivityandcapabilitiesofwhomcanhighlyrel atetothecomplexworldofsnow.Thereferencecon texts
ofCCperceptionarethosemostexposedtoitseffe ctssuchastheareastraditionallydependingonth eskiing

and SWTeconomy (e.g., Switzerland, Bavaria, Tyrol) butalsomountainareasdirectlyconnectedtoCC
phenomena,suchasmeltingglaciers(Clivaz&Savio  z,2020).Perceptionmustbeunderstoodasthefirs t
situationofawarenessfollowedbyresponsibleacti  onsandprojectstoimplementCCadaptationstrateg ies.
OftenCCisconsideredsolelyaglobalphenomenona  ndtheawarenessregardingitspotentialandspecif  ic
consequencesatlocallevelhasnotyetbeenunfold ed,hindering,therefore,thepossibledevelopment  of
adaptationstrategiesandindividualinitiatives(T ~ rawsger,2014).

Generally,theperceptionofthecommunitiesregard ingCCinAlpineskiandSWTcontextshasbeenmain ly
examined based on two different categories of stake holders, who represent mainly the dynamics and
economiesofSWTdestinations:skiindustryandtou rists. Therepresentativesofthesetwocategories are
directlyaffectedaswellasconcernedbytheeffec tscausedbyCC.

TheperceptionofCCofmanyskiandSWTindustrys takeholders,includingskiresortoperators,hospit  ality
andservicessectorprofessionalsaswellaslocal ~ andregionalgovernmentofficials,isvariedandde  pendson
individual sensitivity and knowledge. Butoftentime  sitis perceived as anincremental and temporally

distancedthreat(Steigeretal.,2019).Furthermor e theindustry'sfaithinsnowmakingtechnologyan dhigh
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fearofbusinessdamagecancauseadistortionoft heperceptiononeffectsofCC.Despitemostreview sof
theimpactofCContheskiindustryhasusedCCsc enariosforestimatingfuturechangesinsnowcondi tions,
(especiallysnowdepthandduration, (Gilaberte-Boer daloetal.,2014),thereisskepticismtointroduc eCC
adaptation and mitigation actions by stakeholdersa  nd decision-makers. One of the potentially most

influentialdriversofCCperceptionisthetransfe rofscientificknowledgeinpractices.
Tourists'perceptionofCCiscloselylinkedtothe iractivitieswhilebeingpresentwithintheskian dSWT
destination.Theirbehaviorandhabitschangebased onthesnowconditionsandtheincreaseofanomalo usly

warm seasons, leading them to change their travel p atterns oftentimes significantly, for instance by
considering alternative holiday plans, and/ortheir  activity patterns, fore.g., by undertakingnew sp ort

activities.Furthermore,touristscanalsosimplyc  hooseanalternativeskiandSWTdestination(Witti ng&
Schmude,2019).AnotherwayoftouristCCadaptatio nistoreducetheirtravelfrequencyorconcentrat e
thenumberofskiingdaysinthemostfavorablesno wseason.Thisincreaseofdemandpeakscangenerat e

adverseconsequencesfortransportpatternsandvol  umes,CO2emissionsandoverstressofservices.
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Box:

Mountainterritories:testimoniesabouftcriticalsi tuationsexperiencedandrelated
emotions,identifiedobstaclesandlevers
FabriguedesTransitions(PP13-FABTRA)

TheexperienceoflaFabriquedesTransitions(PP13  FABTRA)hasgivenrisetoastrongconviction:
Transitionisnotanadjustmentvariableforexistingpublic  policiesorapurelytechnicalissue,butamore
complexandsystemicchallenge,whichcallsforac hangeofmodelandimagination.

Considering the need to radically change our system s of thought, our economic models, our
institutionsandourdevelopmenttrajectories,Oter  ritoriesO,inthesenseofcommunitieswovenfrom
human relationships, and thought of as multi-actor ecosystems, are key playerstobeledinthe

transition.

Thisiswhyitiscrucialtotakeaninterestinho wtheinhabitantsoftheseterritories(citizens,e lected
officials Jocalauthorityagents,socialandecono  micstakeholders,andStaterepresentatives)arebe  ing
influencedbyclimatechange:howaretheyexperien cingtheseupheavals?Howaretheirfunctions
beingtransformedinatimeoftransition?Whatare thechallengesandobstaclestheyfaceandwhat
leverscantheyusetoact?

Ontheoccasionofacollectiveintelligenceworksh ~ opaspartofthe OAvenirMontagnengZnierieO
supportprogramconductedwith62Frenchmountaint erritorieswiththeANCT(AgenceNationalede
CohZsion des Territoires), la Fabrique des Transiti  ons gathered the testimonies of 56 mountain
territory actors and stakeholders (elected official s, agents of local authorities, associations and
companies)oncriticalsituationstheyexperiencer  elatedtoclimatechange,emotionstheyarouseand
theobstaclesandleversforactionidentifiedbyt hem.

Theexerciseaimedatconcretelyandlocallyillust ratingtheconsequencesofoversteppingplanetary
limits.Thiswasachieved,notbytechnicallyands cientificallyanalysingtheeffectsofthedegradat  ion
of the major biogeochemical cycles, but by observin g the way in which the territorial actors,
experiencedandperceivedthesedisruptionsindivid uallyandcollectively.

Hereinafterthesynthesisoftheresults(Forthef ullversion,pleaserefertoAnnex1)

FabriguedesTransitions(PP13-FABTRA)D1/4
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Criticalsituations,causesandconsequences

A criticalsituation canbedefinedasthedisappearanceofaresource and/orofanasset(ecological,
economic, social), which most likely results inten  sions, and has the potential to jeopardise the
continuationofthesocio-economicsystemaswella  stheoverallfutureoftheterritory.

¥ Ashorterandmorediscontinuoussnowperiod:
o! Lackofsnow;
o! Needforanalternativeanddiversifiedeconomican dtourismmodel.
¥  Drought:
o! Lowerenergycapacity;
o! Restrictionsinwaterusage;
o! Risktothedrinkingwatersupply;
o! Impossibility to practice certainrecreationalacti  vities (swimming, rafting, canyoning,
etc.).
¥ Lossofbiodiversity:
o! Reductionordisappearanceofforeststands;
o! Fragmentationofbiotopes;
o! Highmortalityofbees.
¥ Overtourism:
o! Carparksaturation;
o! Trafficlams;
o! Pathswidening;
o! Inappropriatebehaviours;
o! Challengingcoexistencebetweenlocalsandtourists ,oftenresultinginconflicts.
¥ Decreaseofthelivingstandardofinhabitants:
o! Lackofhousing;
o! Highhousingcosts(buyingandrenting);
o! Fewaccommodationpossibilitiesforseasonalworker s;
o! Closureoflocalshops;
o! Emigrationoffull-yearserviceproviders.
¥ Othercriticalsituations:
o! Conspicuous change in local fauna (emergence of new  predators, displacement of
traditionalspecies);
o! Extremegeologicalevents;
o! Extremeweatherevents.

FabriguedesTransitions(PP13-FABTRA)D2/4
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Emotions
¥ Fearandanxiety

Facedwiththenumerouscriticalsituationsmention edbytheterritorialactorsandstakeholders,the
dominatingemotionsencompass fearand concern.Facedwiththedisappearanceofnaturalelements
andwiththeemergenceofabruptchanges furthere motionsencompass shockand stupefaction .These
emotionsareexpressedthrougharange ofwordsand nuancesthatrevealbothasharingofsimilar
affectsaswellastheexpressionofindividualfee lings.Theconceptsofeco-anxietyandsolastalgia *were
widelyexpressed.

¥ Anger

Also,manymentionastrongfeelingof =~ angerwitheven formsofhostility and animositytowardscertain
populations or categories of actors (towards the St ate or those who finance infrastructures that
reproducethesamemaodel,fromthelocalpopulation towardstourists).

¥ Sadness,helplessnessanddenial

Alongsidetheseaffects,tworeactionsemergedfrom  thediscussions.Someactorsandstakeholderssee
intheserapidchangesaformof  fatality aswellasfeeling powerless andhelpless ,notbeingabletoact
todealwithwhatishappeningontheirterritory.

¥ Hope

Ontheotherhand thosesituationsproduce hopeand desiretobeabletofinallychangethingsandtodo
thingsdifferentlyandbetter. Theawarenessimpose  dbytheseeventsandcriticalsituationsisthen
experiencedasanO unhealthysatisfactionO,whichisquiteparadoxical,asitgivesriseto bothunpleasant
emotionssuchasanxiety,butalsoadrivetowards positivedynamics.Alsoregardingthis,theworksho  p
wasabletoshedlightontheroleofemotions,and theassociatedsenseofempowermentorhelplessnes s,
inengaginginactionsthatrequiretransformative change.
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Obstaclesandlevers

Theactorsandstakeholdersoftheterritoriespres entattheworkshopagreedonthefactthatthecri tical
situationsmentionedandthecontextofclimatecha ngemoregenerally,califor necessarychanges that
arebothplural,globalandiocal  .Thenotionsofchangeand adaptationofterritories wereomnipresent.
The needforthesechangesthusseemstobeconsensual wit nessinga sharedawareness ofthedifferent
actorsandadesiretomovebeyondtheexisting(ec onomic)model.
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Althoughtheyarementionedasleversforimplement ingthenecessarychanges,theseelementscanalso
functionas weaknesseswithintheconcernedterritories.Thus,fromthegr oupdiscussionsemergedthat
thisdimensionofcooperationandevencitizenpart icipationiscomplexanddifficulttomanage, asit
requirestime,resourcesandexpertise  (training)thatlocalauthoritiesandotherplayer softentimes
donOthave Thus fromthegroupdiscussionsemerge  dthatthisdimensionofcooperationandevencitiz en
participationiscomplexanddifficulttomanage, asitrequirestime,resourcesandexpertise (training)
thatlocalauthoritiesandotherplayersoftentimes donOthave.
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8! Firstoverviewregardingsnowandclimate
conditionswithinAlpineSpace
Thedataandinformationinthisreporthighlightt heimpactsofhuman-causedCCaccruingintheAlpin e

Spacecooperationarea.Moreprecisely,theyunderl  inethemainnegativeeffectsofthediminishingsn ow
cover particularlyinlow-andmedium-altitudemou ntainareasoftheAlps.

Ononehand,largeSTDs(andtherespectiveresorts  )atmediumandhighaltitudescouldstillrelyon natural
ortechnicalsnowaswellasresorttoadequateeco nomicresourcesandpersonneltocopewiththeeffe cts
inordertoplanandmanagechange.Ontheotherha nd,smallerandloweraltitudeSTDswillfacediffi cult

challenges. Maintaining and renewingthe necessary  skiinfrastructures, producing technical snow, and
managing increasingly short and/or fluctuating tour  ist seasons requires substantial resources and
investmentsthatarenotalwaysatthedisposalof thesmallandmedium-sizedcommunitiesthathostth em
andwhoselivelihoodsdependon.Hence,thishasbe  comeapressingissueforthose mountaintourism
destinationsthathavebeenexcessivelycommittedt ~ osnowactivitiesandskiingoverthepastyears.

Theseare notonly economic hardships, butalso pol iticaland socialissues, in particular related to the
understandingofthecurrentandfuturesituationb ylocaladministratorsanddestinationmanagers,as  well
asthecomprehensionoftheeffectsofCConthete rritorybythelocalpopulation.

Altogether,thesephysical,social,andeconomicfa  ctorscontributeextensivelytothevulnerabilityo flow

andmediumaltitudeSTDstoCC.Therefore,thisvul nerabilityshouldbeunderstoodandexploredatal ocal
level sothattherelatedriskfortheeconomyand thesocietycanbepartiallymitigatedthroughcol laborative
actionsthatenhancetheirresilienceandensureth esustainabilityandviabilityofthetourismsecto r.
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1! Introduction

TheexperienceoflaFabriquedesTransitions(PP13  )hasgivenrisetoastrongconviction: transition isnot
anadjustmentvariable for existing public policies orapurelytechnicalissue, butamore complexan d
systemicchallenge,whichcallsforachangeofmod  elandimagination.

Thus, leadingthetransition requiresastrongcommitment,whichinvolvesadre am,adesire,the"shining
star"thatsetsinmotion.Tocontinuethemetaphor Jthereisalsoaneedfor'smallwhitepebbles'th atmark
outthepathtobefollowed,withsmallvictoriest hatmaintainmobilisation.

Consideringtheneedtoradicallychangeoursystem  softhought,oureconomicmodels,ourinstitutions and
ourdevelopmenttrajectories, territories',inthe senseofhumancommunitieswovenfromrelationship S,
andthoughtofasmulti-actorecosystems,arekeyp layersinthetransitiontobeled.

Thisiswhyitiscruciatotakeaninterestinho wtheinhabitantsoftheseterritories(citizens,e lectedofficials,
localauthorityagents,socialandeconomic  stakeholdersandStaterepresentatives)arebeingshakenupby

climatedisruption:howaretheyexperiencingthese  upheavals?Howaretheirfunctionsbeingtransform ed
atatimeoftransition?Whatarethechallengesan dobstaclestheyfaceandwhatleverscantheyuse toact?

Ontheoccasionofacollectiveintelligenceworksh opaspartoftheOAvenirMontagnelngZnierieOsupp ~ ort
programconductedinJanuary2023with62Frenchmo untainterritorieswiththeANCT(AgenceNationale
deCohZsiondesTerritoires),laFabriquedesTrans  itionsgatheredthetestimoniesofmountainterrito ry
actors(electedofficials,agentsoflocalauthorit  ies,associationsandcompanies)onthecriticalsi  tuations
theyexperiencerelatedtoclimatechange theemot ionstheyarouseandtheobstaclesandleversfora ction
identifiedbythoseactors.

Theexerciseaimedtoillustrateconcretelyandloc allytheconsequencesofoversteppingplanetarylim its,
not by analysing in a technical and scientific mann er the effects of the degradation of the major
biogeochemical cycles, but by observing the way in which the territorial actors, individually and
collectively,experiencedandperceivedthesedisru ptions.



2! Criticalsituations,causesandconsequences

A critical situation can be defined as the disappea rance of aresource and/or of an asset (ecological,
economic,social,etc.),whichresultsintensions, andsometimesjeopardisesthecontinuationofthe socio-
economicmodel,andeventhefutureoftheterritor y.

Thetwomostrecurrentmanifestationsofcriticals ituationsarelinkedtotheeffectsofclimatedisr uptionon
theterritory,morepreciselythe  tensionsaroundwatemresources andthe riseintemperatures bothlinked
tootherdisruptionsofthemajorbiogeochemicalcy clesoftheEarthsystem.

2.1 Ashorterandmorediscontinuoussnowperiod

Inparticular,the lackofsnow inwinterisarecurrentcriticalsituationshared bymountainlocalactors,
havingaconsiderablenegativeimpactontouristfl OowWS.

Inacontextofstrongdependence onsnow-relatedw intertourism, these climatic phenomenacallinto
guestionthelocaltouristeconomyandthefinancia lequilibriumoftheactorswhodependonit. They also
giveriseto acollective awarenessthatleadstot he beginnings of areflection on an alternative and

diversifiedeconomicandtouristmodel  (e.g.,emphasisoncultureandheritage,developme ntofactivities
thatarenotdependentonsnow...).

Statementsofworkshopparticipants:

"Thelowsnowfalldelaystheopeningoftheresorts andputsthestaffoutofwork.ltalsoleadselect  edofficialsand
touriststobemoresensitivetonon-skiingactivit ies:cycletourism,heritage,etc.”

"Thelowsnowfallledtolowactivity,serviceprov idersslowingdown,alossofcontractsforseasona workers...We
wereinlowspirits.Wehadtothinktogetherandr ~ eallyimplementaplanB.ltwasawake-upcall.”

"Thelowsnowfallcausedstressandanxietyamongt hoseinvolvedintourism. Therewerefewerskierso nthe
slopes and therefore fewer economic benefits. We had to try to think more aboutdiversificationandra  ise
awareness




2.2! Drought

Anothercommoncriticalsituationthatwasstrongly mentioned linkedtosnowcoverlevels,isthe lowevel
oflakesandrivers
Inadditiontothelengtheningoflowwaterperiods inmountainriversandthedryingupofcertainsp rings,
thelowwaterlevelinlakes,andinparticularin damlakes,hasmultipleconsequences:
¥ Lowerenergyproductioncapacity,
¥ Restrictionsonwateruse,
¥ Risktothedrinkingwatersupplyofmountainareas anddownstreamareas,especiallyurbancentres,
¥ Reductionintouristflowsand/orimpossibility of practising certainactivities (swimming, rafting,

canyoning,hydrospeed,etc.)

Thisechoessituationsof waterstress and drought whichareamongthemostfrequentlymentionedcri tical
situations.Summerdrought,causedby lowrainfall and risingtemperatures ,isafrequentoccurrence,and
withittheincreasedriskof fire.

Thisgrowingrisk,whichisamulti-facetedandglo balthreattoterritorialecosystems,ismentioned bya
majorityofstakeholders.Ithassystemicconsequen  cesonforestsandbiodiversity,ontourismandon the
territorialeconomicbalance(e.g.,sharpdropint ~ ourisinumbersclosureofmountainranges),onpas  toralism
andagriculture(e.g. dropinagriculturalproduct  iondropinproductquality) forwhichirrigation isbecoming
aproblem.Thewaterrestrictionswhicharetherefo reimposedcreatemajorprovenorlatentconflicts of
use:Towhatshouldbeprioritygiven?Thesupplyo fdrinkingwaterfortheinhabitants,animalhusban dry,
cropirrigation,artificialsnowproduction,hydroe lectricityproduction,leisureactivities,etc.?In  additionto
watershortages,thenegativeimpactsofrisingtem peraturesonwaterqualityarealsomentioned(wate r
unfittorconsumptionorbathing,fishmortality | ossofbiodiversityinrivers,etc.).

Thelackofwatercanalsoleadtoextremesituatio nsandcreaterealtraumas,when,forexample,cert ain
mountainvillagesranoutofdrinkingwaterandhad tobringitinbytankertrucks.

Statementsofworkshopparticipants:

"Thethreeheatwavesthissummerhadanimpacton agricultureandforestry,especiallywithfiresand gullying.
Thishasledtotorrentialrainsafterwards.Andat thesametime,itiengthenedthetouristseason:t heAllSaints'
Dayholidayswereverybusy."

"Withthedrought, thelakesweredriedupandther ewerewaterrestrictionsforeveryone:thisaffect edthe
farmers."

"Forthefirsttime,somespringsdriedup.”

"Thewaterlessriverarousedthecuriosityofthei nhabitantsandanover-frequentationofitsdried-u pbedtothe




detrimentoftheenvironment.Thetransformedlands capeswereamazing."
"Ihaveneverexperiencedsuchlowwaterlevelsin lakesanddams.Thisraisesthequestionofenergy production.”

"Thedroughtbringsenergyandindustrialrisksfor thehydraulicdamsandthecoolingofthenuclear powermplants
thatourterritoryhostsandfeeds."”

"Partoftheterritoryhadnomoredrinkingwater.  Andtherewereimpactsonhydroelectricityproducti on."
"Theproblemofwaterstoragegeneratescontroversy.”
"Thesearchforcoolnesswithheatwavesalsoleads topopulationmovementsfromcitiestothemountai  ns."

"Globalwarmingopensupnewareasformountaineeri ngbutalsobringsdangers particularlytherisko fcollapses.
Safetyhastoberethought.Andthisentailsmajor expenses."

2.3! Agrowingawarenessfortheneedtochangethestan cesand
models
Thus,thesenumerouscriticalsituationscausedby  thedisruptionofthewatercycleandtheriseina verage

temperaturesareprofoundlymodifyingmountainecos  ystems.Theyleadtoconstraintsandroadblocks,bu  t
theyalsoactivatefundamentalconsiderationsonth  egrowingneedforchangingactorsOstances,forne  w
initiativesandfornewmodesofgovernance.

Statementsofworkshopparticipants:

"Thedroughtgeneratesusageconflicts:betweenfireprotectionandthestorageofdrinkingwaterint  heuseof
cisterns,betweenirrigationandthe maintenanceof lowwaterlevels...ltalsoraisesthequestionof territorial
solidaritybetweenthewatershedareaandthedowns treamarea.Thismadeusawareofthefactthatwe  hadto
thinkaboutaccesstowaterpointsinthemountains .AndtochangeourattitudetowardstheState:we  cannow
putforwardsolutionsthatwerecompletelyunheard ofbefore.O

"Thesummerdroughtforcedustoincreasethefrequ encyandvolumeofwaterreleasesupstream,butwe donot
havethepossibilityofoptimisingthembecauseof thepriceofelectricity. Thissituationhasrevive dtheinter-
territorialgovernancebodiesonwatermanagement.”

"Theproblemofwaterresourcesandthesupplyofc ertainvillageshasledtodiscussionsonanewsca leanda
decompartmentalization.”

"Theclosingofcertainmassifsduringthesummerp eriodduetotheriskoffirehasledtoover-frequ  entationof
othersitesandhasobligedustoreworktheclosin  gordersbyinvolvingtheelectedrepresentativesm oreclosely.O

"Thewater source flowdependsonrainfall, asitua tionthatwe donotcontrolandwhichgeneratesstr  ess.
Professionalactivitieshavebeenregulatedbuttheoverallquantityofwaterusedhasnotchanged.We havemet
severaltimestodiscussthesituation:adialogue hasbeencreatedandsolutionshavebeenconsidered"”

"Thelackofwaterhasforcedustoinstallwatert — anksathighaltitudestowaterlivestock,leading toadditional
costsforfarmersbutalsotoconsiderationsabout howtousewater."




"Thedroughtiscausinghealthproblemsinourfore stswiththedevelopmentofbarkbeetles.ltalsog enerates
goodwillandvigilanceamongtheinhabitants:thep opulationisinvolved,forexample,inthecleaning ofthe
irrigationcanals."”

"Thepermanentinhabitantsandthepublicplayersh avebecomeawareoftheissuesrelatedtowater.Th ereisstill
informationandinfrastructureworktobedonefor  others."”

"Thedroughthashadveryvisibleeffectsandthep ublichasbecomeawareoftheissue:ldaretohope thatthey
wasteless!Andit'sdoingthewaterharvestingbus inesswelllldeasaregerminatingtorecoverwastew ater...".

"Wenowhavedroughtseveninwinter-andheatwave sinsummer.Thishasconsequencesforwaterqualit ywith
thedevelopmentofcyanobacteriaandforuseswith restrictions.Andyetthereisnoawareness,indivi dualswill
limittheirconsumptiononlyiftheyareobligedto  ."

2.4! Risingenergyprices

Moremarginally, butmentionedbyseveralterritori es,theriseinenergypricesisalsodescribedas acritical
situation.Indeed,theincreaseinthisexpenseunb  alancesthebudgetsoflocalauthorities,weakening their

investmentcapacity,andchallengestheopeningand  maintenanceofcertaintourisminfrastructures(e. g.
skiresorts).

Thisincrease inthe price ofenergy has also effec tsthatare considered rather positive by the actor S:
awarenessofthe strongdependence onenergy, ofth eneedforsobriety and efficiency, questioning of
certainactivitiesthatusetoomuchenergyetc.

Statementsofworkshopparticipants:

"Theenergycrisisandtheincreaseinbillsareput tingastrainonthebudgetsoflocalauthorities, businessesand
householdswhoareapplyingforstateaid.Therear esupplydifficultiesthroughtheSDE.Thismakesu sawareof
ourdependenceandwehavesetupnumerousenergys avingactions.Wealsowanttodeveloptheproducti onof
renewableenergyonourterritory."

"The cost of energy could call into question energy -intensive activities. This leads to efforts in ter ms of
consumption.”

"Risingenergycostsarecausingeconomicdifficuliesbutarealsoleadingtogreaterefficiency."

"Theenergyissueraisesconfrontationsofinterestsandrequiresademocraticdebateforbettermanag ement.”
"Thepriceofenergyhasanimpactonthemunicipal budget.O




2.5! Lossofbiodiversity

Similarly,manycriticalsituationssuchasthe  lossofbiodiversity inthemountainsarementioned,withthe
disappearanceofforeststandsthefragmentationo  fhiotopesorthehighmortalityofoees.Thisloss ispartly
causedbyrisingtemperatures, droughtsandfires, asmentionedabove. The problemofbarkbeetlesin
forestsisalsowidelyquotedasacauseofthedec lineofmanytrees,andasadangerousfactorinfo rests.

Statementsofworkshopparticipants:

"Theforeststandsaredisappearing.Thischangesdandscapethatwaspartofouridentity.ltwillt aketimetosee
anew,moreresilientforest.Atthesametime,it wasaman-madeforest,vulnerable,withlittledive rsity."

"Thepresenceofbarkbeetlesintheforestsisfor cingustocutdowntreesandprohibithikingbecau seoftherisk
offalls.Howcanwestopthisslaughter?"

"Droughtandbarkbeetlesaremakingtheforestwit her:wehavetomakemassivesafetycutsandthere aretree
falls."

"Torrentialrainsandwaterreleasesarecausingin creasedturbidityintheriversandhighfishmorta  lity."

"Thereisaproblemofdiversityandfragmentation ofthebiotope,includingbeemortality.Thisleads toadecrease
in pollination and a decrease in production for bee keepers and farmers, as it also has impacts onfodd er
production.”

"Thebearisdisappearing.”

2.6! Toomanytouristsatthesameplaces

The excessivetouristattendance isalsoidentifiedasacriticalsituationbyseve ralactors,particularlythe
concentration of visitors on a small number of site s or the multiplication of unauthorised campsites.
Althoughbeingagoodsignintermsoftouristattr activeness,theyposenumerousproblemssuchasthe
saturationofcarparks, cartrafficjams,thewide ningofpaths,inappropriate behaviour,conflictso  fuse,
angerofthelocals,etc.

Statementsofworkshopparticipants:

"Therearetrafficiamsonthewaydownfromthesk  iresorts.Thishasanegativeimpactonairqualit y.ltisawaste
oftimefortheinhabitants,whohavedifficulties  inaccessingthearea."

"Theovercrowdingoftheroadaccessleadstoconfl ictsofuse,withanincreaseinthenumberofacci  dentsand
difficultiesofaccessforthelocals.Thisaffects theiracceptanceoftourists.Atthesametime,ec  onomicactivityis
increasing.

"Thevolumeofwasteisincreasing,causingmanagenentdifficultiesforthemunicipality:thecostof  collecting
householdwasteisincreasingandlocalconsumptionsdecreasing,astouristsbringtheirproducts.N evertheless




tourisminthemountainsisbecomingcleaner:there islessenvironmentalpollution.”

"Somemountainroadsareovercrowded,causingwidemngofpathsandparkingdifficultiesthatannoyto  urists.At
thesametime thisisasignofgoodattractivenes s."

"Over-frequentationandwildcampinginnaturalsit esleadtoangerfromlocalsandconflictsofusew ithfarmers:
ithasimpactsonpastures.Somebehavioursareina ppropriateinthemountains.”

2.7! Lackofhousing,closureoflocalshops.

Agroupingofcriticalsituationslinkedtothesup plyofhousingandservicescanalsobeobserved.S  ome
territoriesarefacingtheclosureofcollectiveac commodation(retirement,closurefollowingthediff  iculties
ofthe Covid period), persistentdifficultiesinho using forinhabitants and seasonalworkers (structu  ral

difficulties,accentuatedbytheincreaseinvisito  rnumbersobservedafterCovid),andtheclosureof local
shops(thefallinpurchasingpower particularlyl inkedtotheincreaseinfuelandenergyprices,is penalising
localfoodshops).

Statementsofworkshopparticipants:

"Localshavedifficultiesinfindinghousing:rents andlandpricesareincreasing,evenifthishasa Isoallowedthe
renovationofhousing,especiallythermalrehabilitationcreatingenergysavings."

"Theageingoftourismactorsisleadingtotheclo sureofaccommodation.”

"Duetotheclosureofhotelsinthevalleysthisw  inter,therewasnomoreaccommodationavailablefo rtourists
andforworkerswhohadtogooutofthevalleyfor ~ accommodation.”

"ThedevelopmentofattractivenessafterCovidallo wedtherenovationoftheabandonedhotelstock.Bu  tthishas
amplifiedthedifficultiesofhousingforseasonal workers."

"Thepriceofenergycreatessupplyproblemsforlo caltraders.ltalsocreatesanincentivetoconsum elocally.”

"Risingenergypricesaredrivingconsumerstosupermarketstoreducefoodcostsandthisiscausingl ocalshopsto
close."

2.8! Othercriticalsituations

Othercritical situations, less shared butneverthe lessmentioned by severalterritories, have alsoto be
highlighted:

¥ Firstlythepresenceof predators (bear,wolf)causestensesituationsinsomeareas ,particularlyfor
theactivityoffarmersandespeciallyduringgrazi ngperiod.



¥ Secondly,morelocalised,butnolesscriticalfor theterritoriesconcerned, geologicalevents were
mentioned.Thisisthecaseoflandslides,groundm  ovementsandcollapses,whichcausesignificant
materialdamageandpopulationdisplacement.

¥ Furthermore,thecriticalsituationofthereceptio nofUkrainianrefugeesaswellastheincreasein
wastewerealsomentioned.

Statementsofworkshopparticipants:

"Thepresenceofpredators(wolvesorbearsdependingonthearea)isariskforfarmersandfortouri ~ stswhotryto
getclosetothem. Touristsarealsobittenbydogs andthiscreatesconflicts. Thesituationistense ,evenifit
generatesacertainattractiveness."

"Thedevelopmentofthewolfleadstodamageonthe mountainpasturesandtheconcernofthebreeders fortheir
herds,despitetheaccompanyingmeasures.”

"ThecollapseatOPasdelOOursOcutoffroadaccesotwovillagesfor20months. Therewerenovict — imsbutitcost
28millioneurosinworkandwelosttwotouristse  asons.Atthesametime itgeneratedcontractsfor localpublic
workscompaniesandstrengthenedsolidarityforsupplies,school etc.”

"Landmovementsimplyrelocatingcertainpopulationswhorefusetodoso,becauseoftheirattachment  totheir
landandtheirfearoflosingtheirfreedom.O

"We needto review the democratic methodsin France . Ratherthan stigmatisation, single-mindedness and
conflictweneedtoencouragecitizenengagement.”

"ThereceptionofUkrainianrefugeeshasstrengthenedsolidaritybutiisalsoasituationthatsettl  esovertimeand
hascosts."
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3! Emotions

3.1 Fearandanxiety.

Facedwiththenumerouscriticalsituationsmention edbytheterritorialactors,itisafeelingof fearand
concernthatdominates,facedwithnaturalelementsthatd isappear,withchangesthatappearveryquickly,
tosuchanextentthattheyaresometimesexperienc edasa shock,with stupefaction .Theseemotionsare
expressedthrougharangeofwordsandnuancesthat revealbothasharingofsimilaraffectsbutalso the
expressionofsingularfeelings,specifictoeachp  erson.Theconceptsofeco-anxietyandsolastalgia *were
widelyexpressed.

Statementsofworkshopparticipants:

"Thephenomenaannouncedarecomingtrue, withtemp eraturesneverseenbefore.lt'sworrying,thepred ictions
arecomingtrue."

"It'sashock,thecrisesaremultiplying.Wearei naphaseofmourning,evenifwearenotallatth esamestage
betweenelectedrepresentatives,socio-professiosal”

"TheOZpisodescZvenolsO(mediterraneanweathenevéththunderstorms,strongwindsandveryheavy rains)
scareme.Wehavetoberesilientandmanagethewa terwaystocopewiththebigfloods."

"ltisthedisappearanceofnaturalelementsthatw ethoughtwereimmutable.Thechangeisrapid.How dowe
react,adapt?It'sscary.ltscaresme."

"I'mworriedaboutthebehaviourofsecondaryresid ents:accesstolandandpropertyisdifficult.It’ sacultural
problem."

"Amongthebreeders,thereisangerandpaininrel ationtothewolves.Thepublicauthoritiesarenot doingthe
rightthing,theyfeeltheyaremisunderstood."

"lamworriedaboutthecommunitiesofmunicipaliti es.Butmyconcernismostlyindividualistic."
"Thereisariskofindividualisation,ofwithdrawa l,ofdifficultyinacceptingtheconstraintslinke dtoothers."
"Withthefloods,thelinesofmajorriversmaybe  redrawn.Wewillhavetoadapt."
"Areweabletokeepupwiththespeedofchange?"

"Thelackofwaterscaresus."

"Whatactionsarepossibleforfuturegenerations? Thisisworrying."
"Weareafraidoflosingournaturalresources."

"I'mworried,wehavetochangeourwaysofdoingt  hings."

‘saAformofhomesicknessexperiencedwhenonehasn  otmoved,butone'senvironmenthaschangedO,
https://en.wiktionary.org/wiki/solastalgia#:~:text=Coined%20by%20Australian%20philosopher%20and,algia®0(%E2%80%9Cpain%E2%80%9D
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"We'retakingitintheface,it'sstaggering."
"Floodsriskisolatingvillages."

"Thechangesscareme."
"Theoldeconomicmodelsworryme."
"Wearesurprised,wearenotusedtosuchadense drought.”
"It'sterrifying!ltischillingEO

3.2!  Anger

Also,manymentionastrongfeelingof = anger,witheven formsofhostility andanimositytowardscertain
populationsorcategoriesofactors(towardstheSt ateorthosewhofinanceinfrastructuresthatrepro duce
thesamemodel.,fromthelocalpopulationtowardst ourists).

Statementsofworkshopparticipants:

"Thereisanimosity fromthelocal populationtowar dstouristsandtheirimpacts: over-frequentation, waste,
environment,cars..."

"Therearedifferentsensitivities,inappropriateb ehavioursandaboveallalotofignoranceaboutgo odpractices,
behavioursadaptedtonaturalenvironments.iwonde ralot:peoplecontinuetodoasiinothinghadha  ppenedand
setupprojectsthatnolongermakesensebymobili  singpublicfunds.Thingscouldhavebeenanticipat ed!Today,
wearefinancingprojectsthatwillstrengthenthe  problem,foreconomicreasons...”

"It'stheostrichpolicy!
"Therearedisrespectfulbehavioursthatcancomef rombothtouristsandlocals!
"Thewaterreleaseshaveangeredthefishermen!"

"Thereisanawarenessthatshouldhavehappenedan disnothappening,actionsthatarenothappening!

"It'sawaterwar!Therearetensionsbothbetween thepopulationandthefarmersandbetweenneighbou ring
farmers!"

"ltisusinthemountainswhomanagethewaterand  payforit!Thebeneficiariesintheplainsonlyb  enefitfrom
it!"

"ltisacatastropheforbiodiversity!inthreegen erationstherewillbenomorewildlife!Thismust  pushustoact!"
"Wecouldhaveactedmuchearlier..."
"Grrr,I'mfedup!”

"Newaudienceshavecomeinforexpediency.Thedepartmentnextdoordidn'treactinthesameway,it ~ created
aninjustice.”
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3.3! Sadness,helplessnessanddenial

Alongsidetheseaffects,twooppositereactionseme  rgedfromthediscussions.Somepeopleseeinthese
rapidchangesaformof fatality andfeel powerless,helpless,lackingthepowertoacttodealwithw hatis
happeningontheirterritory.

Statementsofworkshopparticipants:

"Ifeelhelplessandfrustratedwhenfacedwithsit uationsthatcan'tbehelped...”
"Thesnowwillcomeeventually!That'showitis... Ifyoudon'twork,there'snothingyoucandoabou tit."
"That'sthewayjitis."

"There'snothingwecandoatthemoment,we'rehel plessandsad."
"Ihavethefeelingthatit'sgoingtobehardtod o,thatit'sgoingtobeinsurmountable."
"It'sasituationwecan'tdoanythingabout.Andt  hatresignationcanturnintoresentment.”
"Thereisalackofanticipation.Wearetakingthe wallheadon!"

"Whatcanwedo?ltaffectsoureconomies.Willwe managetoadapt?Howarewegoingtodoit?Theobs ervation
isshared,butinconcreteterms,howcanwedooth  erwise?0O

"Thereisfatalismaboutthelackofsnow.Anddeni altoo:it'snotaproblemofsnowbutaproblemof ~ management.
Thisdepresses,demobilisesandblocksusfromthefuture.O

"Wearehelpless,defeatist.Withoutsnowit'snot thesame thepassionisdiminishing.ltquestions themeaningof
ouractivitiesandlowersourmotivation."

"Wearediscouraged,ourmissionshavelosttheirm eaning.
"ltisdifficulttoacceptsituationswithsuchstr ~ ongimpacts.”
"Wearenotinvolvedenough,itissad.
"Thislackofpowertoactmakesussuffer.
"ltisstaggeringandthereforeparalysing.”

3.4! Hope

Ontheotherhand,thosesituationsproduce hopeand desiretobeabletochangethingsatlastandtodo
things better, in other ways. The awareness imposed by these events and critical situations is then
experiencedasanO unhealthysatisfactionO, whichisquite paradoxical, asitgivesriseto bothunpleasant
emotionssuchasanxiety,butalsoadrivetowards apositivedynamic.Heretoo,theconferencewasab leto
shedlightontheroleofemotions,andtheassocia tedsenseofempowermentorhelplessness,inengagi  ngin
actionsthatrequiretransformativechange.
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Statementsofworkshopparticipants:

"lamsatisfiedtoseethatwearegettingsomewher ebyworkingtogether.ThereisaDNAofsolidarity inthe
mountainswhichmeansthatwewilffindsolutions. Thereisahighlevelofcommitmentatthelocalle  vel,itdoesn't
takemuchtogetpeoplemoving.Thisistheincredi blestrengthofthecollective.”

"Amongthesocio-professionals wehavefinallyfoundatriggertoworktogether:consultationdynamic shavebeen
launched.Wecanworktogether,althoughwestilin - eedtofindouthow."

"It'sanopportunityforemulation,forsettingthe  territoryinmotionaroundafutureproject. Weha  vetofind
somethingthatattractsustochange."

"Weneedtore-mobilise,bringtogethertheliving forcesanddiversifytheactivitiessoasnottoma kethesame
mistakesagain."

"Wearebecomingawarethatwecannotcontinueasw eare thatwehavetochangethings."

"It'sarevival.Therearealsomoretouristsfollo wingtheCovid.Anditexpandstheseason,forsome activitiesit's
aneconomicrevival.Thereispotential.”

"Ihavefaithinengineeringandcreativity. Thisa warenesswillhelpmobilise.”

"Visitorshaveintegratedthatthereareotherseas ons,otheractivities. Theskiresortshavestarted thinkingabout
this."

"I'mkeentoseethe'4seasons’'modelemerging.I' mexcitedabouttheideaofcreating!"
"Thissituationcreatesasociallink:therearemo reexchangeswithtourists."
"Finally,wearebecomingaware!"

"ltmotivatesmetoact."

"Thedynamicispositive."

"|tforcespeopletobecomeaware.O

"ltmakesmeuwillingtodothings!O

"Thesnowhasfallen'Whatarelief!"
"Wehavebecomeawarethatsnowisnotautomatic."
"Thereismutualsupportandprogressamongtheloc als,whethertheyareelectedorresidents.”
"It'sstimulating.Thechangesarecomplicatedbut theawarenessisstrong."
"Thisawarenesschangesbehaviourandencouragesdwlarity."
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4! Obstaclesandlevers

Theactorsoftheterritoriespresentagreethatth ecriticalsituationsmentioned,andthecontextof climate
changemoregenerally,callfor necessarychanges thatarebothplural,globalandlocal .Thenotionsof
change and adaptation ofterritories  are omnipresent. The need forthese changesthus seemsto be
consensual,witnessinga sharedawareness ofthedifferentactorsandadesiretomoveawayf romthe
existingmodel.

4.1' Globalchanges

Inthe case ofthe involved mountainterritories, t hisinvolves, more concretely, adesirefor ambitious
generalchangesthatcannotbeachievedwithoutchangesinbehavio ur,mentalities,andourwaysofthinking
and acting: getting out of abundance and excess, bu ilding a real transition strategy, re-founding the
territory's project, givingupwhatwe have known, thinkingaboutneweconomicmodels, getting outof
existingmodels,rediscoveringasenseofcommonin  terest,rethinkingthelinkbetweenmanandnature,
beingmorefrugal,developingrenewableenergies,r  elearninghowtolivewithuncertainty, preparingf or
unforeseenevents,etc.

Statementsofworkshopparticipants:

"Wehavetogiveupwhatwehaveknowninorderto inventwhatcomesnext:continuingtodevelopaccor dingto
thesameeconomicmodelwillnotwork,wehavetod iversify.O

"Facedwithourshort-termvision,whichistoofoc usedontheeconomy,wemustsystematicallyaskour selvesthe
guestionoflong-termimpactsbymobilisingexpertstoprovideinsightsifnecessary."

"Weneedtothinkaboutheweconomicmodelstoget awayfromthemono-activityofsnowandnolongerc  onsider
thatresourcesareinfinite.O

"Weneedtoreviewthelinksbetweenmanandnature ,changeourwayoffunctioning,ourwayofusingn  aturefor
ourownpurposes.Wemustbemorefrugalinourway ofbeing.O

"Wemustinventamodelthatismoreadaptedtocli ~ matechangeandthereforemoresober wiser within thelimits
ofresources.O

"Wemustchangeourwayofthinkingandacting,inv entanewmodel,notreproducethemethodsofthep ast,
includingamongelectedofficials.O

"Wemustdeveloprenewableenergiesandrelyontec hnology.O
"Wemustlookformoresustainablemodels.O

"We must get out of consumption and learntolivea  gain! We need to get out of excess, waste, lack of
communication...Weareplayingsorcerer'sapprentce!O
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"Wemustreturntocommonsense learntoliveand  saveagain.O

"Weneedtochangethemodel:stopthe'all-snowa  pproachandtheexpectationofeconomicbenefitsfr omwhite
gold.O

"Weneedtowriteanewisionofthemountainthr ~ oughstoriesthattakeintoaccountalitscompone ntsitexisted
beforeskiingandwillcontinuetoexist.O

"Weneedtogetawayfromtherhetoricabouttheec  onomicmodelofskiresorts:theyalsocreatedefic its.Thereal
resultsofskiresortsarenotalwaysputforward. Weneedaneutraldiagnosis.O

"We needtoshedlightonthesituationinafactua  Imanner, withnewcontentandknowledgesuchasth e
regenerative or symbiotic economy. There are no standardised solutions because they would create new
competitionbetweenterritories:weneedtorethink newtrajectoriesfromourterritory.O

"Wemustreviewourplaceintheecosystem,beprep aredforhazards,cultivatethecultureofuncertai nty:other
collapsesaretocome,wemustbehumbleandvigila nt,anticipateoracquiremonitoringtools.

"Changeoureconomicmodelandoursocietybasedonconsumption.Behumbleinthefaceofnature.”

4.2! Specificchanges

Thisalsoinvolves changesthataremorerelatedtothespecificterri torialcharacteristics ,butwhichareno

lessimportantandambitious: diversifyingtourist activities, proposingmobility solutionsadaptedto  the
influxoftourists,adaptingwatermanagement,adap  tingpastoralism,adaptingtouristflows,inventing  new
storiesabouttheeconomicmodelofskiresorts,de velopingactivitiesthatarenotdependentonsnow.

Statementsofworkshopparticipants:

"Weneedtohelplocalassociationstodevelopothe routdooractivities,tobringinnewactivitiesbe causethelocal
workforceisnolongerenoughatthisstage.O

"Weneedtodevelopmorerespectfulactivities,so- called'soft'activities.O

"Weneedtoputinplacemethodologiestoavoidmak ingthesamemistakes:forexample,proposingmobility
solutionsthatarebetteradaptedtolargecrowdsa ndhavelessimpactontheenvironment.O

"Facedwiththeproblemsposedbydogsprotectingf locks,itisnecessarytopromoteawareness,exchargeand
educationandtosetupnightwatchmenandsurveill anceequipment.O

"Facedwiththeriskoffires wearere-settlingg  oatandsheepbreedersnearhamletsandvillages.O

"Howcanwefinanceexemplaryactionsthatprovide leverage?Thelocalleversareundersizedinrelationtothe
situationandsometimesineffectiveinthefaceof change.O

"Weneedtomodifythepathstolimittherisksand  protectbiodiversity.Anddoitincooperationwit  hthehiking
clubsbecauseitwilimpactthem.O

"Theroleofeco-guardsoreco-guidesiscrucialin educationandawarenessraising,especiallyforto urists."

"Weneedtoreviewwatermanagementbetweenupstrea manddownstream,aswellaspastoralismandtouris t
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flows."

"Weneedtocarryoutresiliencediagnosesinthet erritories,whichtakeintoaccounttherisksbuta Isothehistory
oftheterritory toputitintoperspective.O

"Wemustneverforgetwherewecomefrom,keepinm  indwhattheterritoryhasbeen.O

Thechangesmentionedarepresentedas far-reachingand urgent.

4.3! Towardsbettercooperationbetweenactorsandterri tory

Toinitiatethesechangesandadaptations,theacto  rsveryoftenevoke thestrengthandnecessityofthe
collective , of collective intelligence. They therefore advoca te the introduction or strengthening of
"federated, cooperative and/or integrated modes of g overnancé, organised around different forms of

cooperation .
Ontheonehand,manymentioncooperationwithothe rterritories.Theyadvocatetheneedforcooperati on
betweenmunicipalities,tomovefromtheverylocal toworkingincommunitiesofmunicipalitiesand/or

countries.Also,thesupportofthemunicipallevel bytheregionsanddepartmentsismentioned.

Statementsofworkshopparticipants:

OWeneedtoconsultwithalltheinstitutionalacto rs,atlocalandregionallevel,aswellaswithci  vilsociety,
associations,privateactorsandinparticularserv icesandbusinesses.O

"We needtochangethe scale: fromlocaltothecom munities of municipalities orthe Pays. Thisrequir esa
willingnesstosharewithinstitutionsonthepart  ofelectedrepresentatives.O

"ThePETRprojectmustberecast.ltisanopportun itytoincludethetransitioninalltheactionsan  dtobeatthe
serviceoftheinter-municipalities.O

"Wemustworkincooperationwiththeotherterrito  ries,thereisadialoguetobebuilt.O
"ThePETRisascalethatworkswell.O

"Togetoutoftheexistingmodels,weneedtoadop tthelocallevelasthescaleofactivationandch  ange,while
beingcarefulaboutwithdrawal Wemustthinkonth  escaleofthemassifs.O

"ThelinkbetweenlocalgovernanceandtheStateis importanttofindgoodgovernanceaccordingtothe subjects
andplaces.O

"Thepeople'fromParis'aretoofarfromtheterri  tories,weneedtolistenmoretolocalelectedrep resentatives.O
"Weneedtomoveawayfromanindividualisticattit udetowardsajointterritorialproject.O
"Thinkingintermsoftheterritorymakesitpossib letoarbitrate particularlyonfuturedevelopment s.O
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Ontheotherhand,itisaboveallacooperationbe tweenthepopulationsandalltheactorsoftheter ritories
tocollectivelyleadthenecessarychangesthatis evoked.Theactorsinterviewedadvocate,almostin ~ unison,
achangethatwillcomethrough  agreatercooperation betweentheactorsintheterritorie sandthrougha
reconstructionoflocal, participatorydemocracy ,withgreaterinvolvementoftheinhabitants.They callfor
thereestablishmentoflinksandtheco-constructio nofsolutionsadaptedtoeachterritory,inpartic ular
through" multi-actorprojectgroups"andconsultationswithallactors.

Statementsofworkshopparticipants:

OWeneedtoactlocallybyexperimentingandinnova tingtogetpeopleonboard.Themayorcanbeafac ilitator.
Weneedtodealwiththistogether tocrossthevi  ews,tomakelinkswithresearchersforexample.O

"Weneedtorebuildlinks,breakdowndividesandc o-constructsolutionsadaptedtoeachterritorytha tmeetthe
localandprimaryneedsofthepopulations,forexa mplebydevotingashareoftheoperatingbudgetso rState
financialcontributionstoterritorialanimation.T helocalauthoritiesaretrainedinthis."

"Weneedarealtransitionstrategyandtoknowwha tweare puttingbehindit,aswellasastrongpol itical
commitmentto adaptaswellas possibleand avoidp ickingupthe pieces, relyingoncollectiveintelli gence,
scientificdata,andtouristawareness."

"Collectiveandparticipatorymodesofgovernancemustbeestablished,workingontrustbyinforming, gathering,
sharing."

"Weneedtosetupconsultationbodiestosharethe issuesandseekthebestcompromisesbecausetodagveryone
defendstheirowninterests,thereisalackofund erstandingbythedifferentpartiesoftheproblems ofothers."

"Weneedtodevelopparticipatorydemocracy,awareness-raisingmeetings,butalsoshowconcreteresulsthat
contradictpreconceivedideas.”

"Weneedtosetupmulti-stakeholderprojectgroups (socio-professionals,electedrepresentatives,agss,etc.),
andrelyonthefieldexpertiseoflocalstakeholde rsandcitizens,etc.Localconsultationbodiespro videadded
value.O

"Weneedtoengageinpartnershipworkwithmoreso lidarityinordertocreatetoolboxes.O

"Weneedgreaterinvolvementandmobilisationofin habitants,electedrepresentatives...Sharinginfanationto
avoidfeelingsofexclusionandmisunderstanding.O

"Weneedtocreate developmentcouncils,withoutel ectedrepresentativesbutwithrepresentativesofsocio-
professionalsandassociations,toconsultthemandeartheirneeds.O

"Wemustincludeconsultation,evenifitmakesdec ision-makingtakelonger.O

"Weneedtobreakdownbarriers,particularlybetwe enelectedrepresentatives,socio-professionalsaresidents,
toencouragecollectiveintelligenceandboldnessWeneedspacesforsharingandexchange,especiallyace-to-
face.O

"Weneedtotalktoeachother:peopleshouldnotb  esubjectedtodecisionsbutshouldbeactors.The approach
mustbesharedandparticipatory.O

"Theuseofmediatorscanhelptocalmtensionsand alloweveryonetoexpressthemselves.ltisthero leofthe
electedrepresentativetoallowthisdialogue,toa nimatetheterritory.O
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"ltisnecessarytoco-constructwithalltheactor  satalllevels.O
"Weneedtostrengthenmeetingspaces,findcommon referencepoints,educate.O

"Wemustexperimentandsupportthosewhodo,share experiences,whethertheyaresuccessfulornot,t olearn
fromthem.O

"Weneedtathinktogetherratherthancontinueto  sufferevents WemustputanendtotheOeveryman forhimselfO
mentalityandencourageconsultationandlistening.O

4.4 Recoveringasenseofcommoninterest

Inaddition,manyactorsadvocatecommunication,ed  ucationandmediationinsupportoflocalauthoriti es
toorganisetheinvolvementofasmanypeopleaspo ssible(population civilsociety,associations,et  c.)which
is the basis for raising people's awareness and acq  uiring new knowledge and skills. This desire for
cooperation,educationandlocaldemocracyshowsth  eimportanceof humanbeings inbringingaboutthe
necessarychanges("investinginpeople").

Statementsofworkshopparticipants:
"Wemustputpeoplebackattheheartofthesystem  andnolongertheeconomy.O

"Wemustputanendtoabundance totheeveryman  forhimself,tothedefenceofparticularinterests ,byraising
theawarenessofresourceusers,bydevelopingsoldarityandnewskills."

"Weneedtorelyontechnicians,butalsoonsociol ogists,architecturalfirms,etc.”

"Wemustlearntoworktogetherwithacommongoal: wecannolongerfunctionforourowninterest,we  must
rediscoverasenseofcommoninterest,throughconviviality,solidarity."

45! Obstacles

Althoughtheyarementionedasleversforimplement ingthenecessarychanges,theseelementsalsoappe ar
asweaknessesintheterritoriesconcerned.Thus,itemergedfrom thegroupdiscussionsthatthisdimension

of cooperation and even citizen participationis co mplex and difficultto deal with, asitrequirestime,
resourcesandexpertise (training)thatlocalauthoritiesandotherplayer sdonotalwayshave.

Statementsofworkshopparticipants:
"OSoftprojectdevelopmentsareexpensiveanditsdifficulttogetthepublictoacceptthem.O
"Fearofchangeandparticularinterestsareobstac les.O

"Therearereactionsofwithdrawal ,defenceofpart icularinterests,difficultiesinunderstandingthe pointsofview
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ofothers.O
"Sharinganddelegatingpowerisdifficult,inaddi tiontoissuesoftimeandfinancialviability.O
"Possessionofpowercreatesoversizedegos."

"Thereisapoliticalblockage:theyarenotnecess arilyreadytochangethebusinessmodel,toaccept thatweneed
tochangedirection.O

"Howdoweprioritiseouractions?Wecan'ttundev erything;negotiationisnoteasy.
"Bewareofwishlists'ittakestime.O

"Welackthemeans timeandenergyforconsultatio n.O
"lisdifficulttowipetheslateclean!Previous  conflictscomeback.O
"|t'salwaysthesamepeopleandwearequitepower lesstogoafterthenon-participants.O
"Money fear withdrawal changeothabits... Thesearethebrakes.O
"Thelackoffinancialmeans,whateverthetheme,i somnipresent.O
"Disinformationonthelnternetradicalisespositio ns.Thereisnodialoguepossible.O
"Theseareverydivisiveissuesandwehavelostth ehabitofdemocraticdialogue.O
"Peopledon'thaveenoughconfidenceinelectedrepresentativesandthereareoppositions.O
"Withtheurgency,wedon'ttakethetimetostepb ~ ackandco-construct. Weputonband-aids.O
"|tisthesecondaryresidentswhotakeoverlocal democracy.O

"Thereisnoneutralentitythattakeschargeofth  egeneralinterest,nortoolsformanagingthecomm on.Welack
commonperspectives,unifyingtools,acommonvocalulary..."

"Thefearoffailureisverypresent,especiallyam ongelectedofficials,inrelationtofinancialinv estments.Howdo
weproceedifwvemakeamistakeandinvestalotof money?0

"Projecttimeframesdoesnotcorrespondtothetime frameoftheelectedrepresentativesOmandates.O

OSmallprojectsarelesseasytofinancethanlargeones,whereasweshouldbelookingforqualityrat herthan
quantity.O

OBudgetsarenotsustainableoverthelongterm.O

OThereisadifficultyinseeingpositivepointsin theprojectedsituation.O
OWedonOtknowwhatthealternativeproposalsare.O

Oltisdifficulttochangetoanothermodelwhenyouare  makingaprofit.O
OThelawsometimesblocksthenecessarychanges:seestateserviceshaveadogmaticvisionandblock projects.(
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