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Abstract

Tourism is one of the largest economic sectors globlaliy.a climate sensitive sector,
with climate beingone of the most important attributes for a destinafitve Tourism Climate
Index (TCI), developed by Mieczkowski (1985% the mostvidely usedndexfor assessing
destinatiofs climatic suitability for general tourist activitieMlajor deficienciessuch aghe
subjectivity of itsrating system andomponent weightingsave been identifieoh the literature,
and theneed to develop a new indbas been identified nesearcherfor almost a decad@ his
studyaims to fill the research gap by developmgew index, théloliday Climate Index (HCI),
for the purpose of overcoming tdeficiencies of the TCIThe HClwascompared with the TCI
in ratingboth current (1961.990) and futur¢20102039 20402069and207032099 climatic
suitability for tourism of the 1most visitedEuropean city destinations (London, Paris, Istanbul,
Rome, Barcelona, Dublin, Amsterdam, VienMadrid, Berlin, Stockholm, Warsaw, Munich,
Athens and Venice)rhe results weralsocompared withmonthlyvisitation dataavailable for
Paristo assesw/hether the HCI ratingsiore accuratelyepresent visitation dematitan the
TCI. The results show th#tereare keydifferences between the HCI and T ratingthe
tourism climate suitability ofhe selected European city destinatiangarticularin thewinter
months of the northern, western and eastern European city destindtiemsthe performance of
the TCI had been questioned in the literatlifee comparisomith leisure tourisvisitationdata
in Paris also revealed thidie ratings of the HCI were more reflectivesefaisonal pattern of
tourist arrivals than the TCI ratingBecause the TClds been widely applied$ studie} these
findingshold important implicationor future research iassessingurrent and futurelimatic

suitability for tourism
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Chapter 1

|l ntroducti on
1.1 Study Context

Tourism has become one of the largest glelsahomic sectors in the wordahd
contributes significantly to national and local economiémited NationsNorld Tourism
OrganizatiofUNWTO] 2009).As one of the largest industries in the world, tourism is directly
responsible foan estimate&%o f t h e greg®dorhedtiérgduct(GDP), 6% of total
exports, and oneut of every 12eople employed worldwidé&JNWTO 20123). The latest
UNWTO report forecasted that international tourisri m@ach a historic level afnebillion
arrivalsi n 2012 and that, i n a single year, one se
international borderfor tourism purpose@JNWTO 2012a). Among all regions, Europe was
most visited by international tourists in 2011, accounting for 51% (503 million) of the total
worldwide inbound tourists (UNWTO 204&R Countries in Europe also dominate the top places
in the travel and tourism cquetitiveness rankingvhich measures the attractiveness of
developing business in the travel and tourism industry of individual coyntiidsall top five
places taken by European countries aéaf the top 20 countrigeom the regio (World
Economic rum 2011)When exploringvhat motivates tourists to visit Europénaate has
beenrevealedo be one of the main reasdos tourists to visithe regionin particularo travel
to the Mediterranean region (Hu and Ritchie 1993, Moreno 2010).

The closeaelationship between climatand tourism has been explorextensivelyin
particulartheinfluence of climate on tourist motivati@nd destination choicé/jntel 1991,
Ryan and Glendon 1998/ilton and Wirjanto 1998Viaddison 2001Elsasser and Burl@002,

Lise and Tol 2002Fukushima et al. 2@) Burki et al. 2005Hamilton 2005, Hamilton and Lau
1



2005,Agnew and Palutikof 20065 0ssling et al. 20Q65hih et al. 2009 and Scott and Lemieux

2010 andthe impact of climate on destination attractiver{®ssyo 1973, Gearing et al. 1974,

Ritchie and Zins 19781u and Ritchie 1993Nall and Badke 1994 ohmann and Kaim 1999)
Climate has a signi f i stcoamakingipnodeds,wednt s akeyfactor t our i
considered by the tourists either ggply for the purpose of travel planning or as a primary

motivator (Scott et al. 2012ror many, climate isne of the main reasois travel (Mintel

1991, Ryan and Glendon 1998, Maddison 2001, Lise and Tol 2002, Hamilton 2005, Hamilton

and Lau 2005, Gssling et al. 200@nd Scott and Lemieux 20L(rhe influence of climate on
touristsod6 decisions of wher e desonatiorchoicent has a
expenditures, in particular for climatiEependent destinationg/{iton and Wirjantc1998,

Elsasser and Burki 2002, Fukushima et al. 2003, Burki et al. 2005, Agnew and Palutikof 2006,
Shih et al. 2009).

Climateis afree and renewa primary resourcén attracting tourists ta destination
(GomezMartin 2005 Scott et al. 2012Climate as an important nature resource for destinations
plays a key role in determining the attractiveness of a destination to tourists, as climate has been
rated as either the most influential factor (Ritchie 2mg 1978, Wall and Badke 199dr one
of the most important attributes that influence destination attractiveness (Mayo 1973, Gearing et
al. 1974, Hu and Ritchie 1993, Lohmann and Kaim 1999).

Climate changés consideredit he g ed h alilnenge ofsomeshigh gener at
level decision maks in government and businggiited Nations Environment Programme
2008, p.14)TheNationalOceanic and Atmospheric Administration (NOAA) (2@)L2evealed

that:



The year 2012 was the L @varmest year since records began in 1880. The annual global
combined land and oceanrface temperature wass7°C (1.03°F) above the 2@entury
average of 13.9°C (57.0°F). This marks th® 86nsecutive year (since 1976) that the yearly
global temperaire was above averadacluding2012, all 12 years to date in the’2Entury
(2001 2012) rank among the 14 warmeasthe 133year period of record

The impacts of climate changésohavebeenobservedn mountain glaciers, snow cover
and sea level®&NOAA 2012). When exploringhe shrinking of the sea ice Arctic, the NOAA
(2012)revealedhat:

Arctic summer sea ice is shrinking much more rapidly than the rate at which Antarctic
winter sea ice is expandin@ver the 1972012 record, the Arctic has experienced significant
ice loss, while the growth of Antarctic sea ice has been slight.

ThelPCChasl so predicted that it | wamerady | i kel
more frequent hot days and nightdate 20" centurywill occur, andextreme eventsuch as heat
waveand heavy precipitation will comiue to become more frequemhe IPCC (2007b) has
predicted he reat wavewill become mor@ntenseand longer lasting ithefuture

Climate hiange habecomefione of the most importashallengeso tourism in the 2%
century (UNWTO 2008, p.3R For the tourism sectpthe impact of climate change was
claimed to pose a greater risk than the threat of terrorism (Rashid and Robinsofr@010).
destinationsfithe impacts of climate change on tourism are anticipated to be widespread, with no
destination unaffect@édScott et al. 2012, p.190)here are four broad categories of climate
changampacts on tourism destinations, including direaneliic impacts, indirect environmental
change impacts, impacts of mitigation policies on tourist mobility and indirect societal change
impacts(UNWTO 2008) The UNWTO (2008) identifiefive destnation vulnerability hotspots

3



that aremost atrisk for the mid to late21* century, including the Caribbean, the Mediterranean
region, Australia/New Zealandmall nationislands in the Pacific Ocean and Indian Ocean.

In Europe, he impacts of climate changerepredicted to negatively f#ct nearly all
European regionsicluding southern, northernentral and astern Europ@PCC 2003). The
predicted changes &uropean climate conditiom®uldalso have a major impact on some of the
top European taust destinations. A number sfudies revealed that a major improvement in
climatic conditions was expected in the summer monthsmfhern Europendtheshoulder
seasos (spring and fall months) of tHdediterraneamegion while climate conditions ofhe
summermonthswere projectd to deterioratén the Mediterranea(Morgan et al. 2000,

Hamilton et al. 2005, Amelung and Viner 2006, Amelung et al. 2007, Hein 2007, Nicholls and
Amelung 2008, Amengual et al. 2010, Pelielsen et al. 201,(Rutty and Scott 2030

Due to the close linbetween climate and tourissectorand the impacts of climate
variability onmany facets of tourism sectoeliable climate informatiors usefulfor all
stakeholders involved in treector Scott and Lenieux 2010 and Becken et al. 2Q18cott and
Lemieux (2010) revealethat the use of climate information within the tourism sector is
tremendous andlentified threemajor user®f climate information in the sector, including
tourists, tourism developers (operators dadtination government agenaeror tourists, local
weather forecast at their ined destination andeatherinformationalong the way are useful,
in paticular for business travelers; for tourism developestphcal climate informatiois
useful for strategic planning of tourignfrastructure; for government agencies, climate
information is useful to assist tourism sector to assess risk of climate change and manage
potential natural disaste(Scott and Lemieux 2010ffforts have beedevotedo assess climate
as a resourcen particularto assesslimate suitability for tourisndevelopmentWith the

4



emergencef themasstourism industryn the 1950s, there wasaedfor a humaroriented
climate assessmetdol which could satisfy the needs of temporary visitors intergsteclimatic
conditions during specific times of the year (Mieczkowski 198B6¢ dssessemt ofclimate
resourcegor tourism purposewas dominated by two major approachgesneralized approaches
thatfiportrayed climate for tourists in simple descriptigem® and numerical indices (de Freitas
2003 p.50. The concept of devising numerical climate indices specifically for tourism purposes
was considered as more appr op rsutabtlitgforftoarism as s es s
becauselonate asatourism resources multifacetedandinvolves acomplexity of weather
variables (de Freitast al.2008).The purpose oflevelopingmulti-facetednumerical indice$or
assessing tourism climats to facilitatea holisticinterpretation of destinatiotlimate and
facilitate objectivecomparisos among destinations
The first attempt to developraumerical indexor evaluating climge for tourism
purposes waby Mieczkowski(1985)\wh o desi gned t he O(Mc).urhei sm Cl i n
purposeothe TClwa t o present a quantitative composit
climate for general tourism activities by integrating all climatic variables relevant to tourism into
a single index (Mieczkowski 1985). A total ofvea climatic variables wengsed tcdform five
mainsubi ndi ces i n the TCIO6s calculatioen includin
combination of maximum daily temperatuP€) and minimum daily relative humidity (%); 2)
daily comfort index (CIA) combination of mean daily temperatu?€)and mean daily relative
humidity (%); 3) precipitation (mm); 4) sunshine (hrs); and 5) wind (km/h or ifitg) TClhas
beenthe most widely ppliedindex for assessinglimate suitability for tourisnover the past 25
years(Scott et al. 2012)The TCI haseen used to assdbe current climate suitabilitand
future climate changdsr many individual destinations as well as with geospatial data for the

5



entire world(Scott and McBoyle 2001, Scott et al. 2004, Amelung and Viner 2006, Amelung et
al. 2007 Hein 2007 Cengizet al 2008,Nicholls and Amelung 20084orenoand Amelung
2009,Farajzadeh and Matzarakis 206&in et al. 2009Rosharet al 2009 Yu et al. 2009a and
2009b, PerciNielsen et al. 2010, Whittlesea and Amelung 2010
Despi t e idhdapplidation, alsas been criticizbg several authord'he
identified deficiencies of the TCI focus on three main areas.tFif t he TCI 6s rati ng
climatic variables and its weightings of components are subjective, asé¢hegesignedolely
based oMieczkowskd €1985)own expertopinionandthe limitedavailable biometeorological
literatureat thetime. No validationwitht our i st sdé pref er emosondary cl i m
tourism datavas undertake(de Freitaset al 2004 2008). Second no overriding effectsf
physical facet (e.g. rain, windjvere takeninto@ac ount i n t h e(delFRitaetal.c al c ul
2004, 2008 Physical faced like strongrain and windcould overrideotherwise suitabléhermal
and aesthetic facein influencing tourisbverall climatic comfortThird, theoriginal TCI has a
low temporalresolution as monthly gerage climatic data wasl that was widely available to
Mieczkowski in the early 198($&cott et al. 2004, de Freitas et al. 2008 ,etal. 200%and
2009b,PerchNielsenet al.2010).
1.2 Research Needs and Expected Outcomes
Despite its recognized limitation$e TClhas beeithe most widely used index in
assessi ng salimdtie ®nditiansirice ite int@duction in 1983 moreconceptually
soundindex which can overcome the identified deficienciesh&f TC| has been called for by
de Freitas (2003), Scott et al. (2004), de Fratad.(2008) and Denstadli et al. (2011)
This studyintroduces a new index, the Holidaglimate Index (HCl)that is designed to
overcome the above mentioned limitations of the TCI and is consistent with the design principles

6



set out by de Freitas et al. (200B)will be used to first assessurism climatic suitability for
some of the tovisited European destinatioriswill also be compared with the original TCI to
determine if there are substantigferences in relative rating of climate cesces between the
HCIl and TCI The broad ramgs of the two indices are also compared against available tourism
demand data to evaluate validity in the market plBloeprevious study hasomparedhe ratings
of differenttourismclimate indicedor the same study areas with the sahireatic datao
examine whetheronceptual improvements result in different and more accurate climate ratings.
The outcomes of thistudyare expected toffer several contributions tiheresearch
field. First thisresearclwil | advancethe growing literaturef tourism climate indexstudiesby
designirg a new indexbased on recent literature on the climate preferences of totoiatsess
climatic suitability forgeneral tourism activitieis urban destinationSecondthis thesis is
expected to advance thesearch area by providitige firstcomparison between two
conceptually differentourism climate indicesThis comparison will reveal how the differential
treatment of individual variables (e.g. overriding variables) affects rating outcbmasklition,
thedevelopment of theew tourism climate indeprovides benefits in particular for the decision
makers of the tourism sector, as appropriate use of climate information about past, present and
future climate can help individuals make proper decisfgvarld Meteorological Organization
2009)
1.3 Study Goals and Objectives
Thisthesis is expected to fulfilome ottheresearch needdentified in the literature
aboveby exploringwhether there is meaningfuldifference n ratings among different tourism
climate indices when applying the same climatic dEt@ main goabf this thesis is to conduct
the first knowninter-comparison study to evaluate whether improvemerttseinonstruction of

7



the HClresuls in appreciably different anchore accurate ratgsthan the TCby assessing
current climatic conditions (1961990) of 15 climatically diverse European citigxluding
London, Paris, Istanbul, Rome, Barcelona, Dublin, Amsterdam, Vienna, Madrid, Berlin,
Stockholm, Warsaw, Munich, Athens and Venigagure 1.1). The future climatic conditions of
the selected European cities projectethy ECHAMS5 Global Climate Mod€|GCM) under the
SRES AlBgreenhouse gas (GHG) emission scernfardhe 2020s (2022039) 2050s (2040
2069), 2080s (2072099),will also be examinedn order toachieve thenainresearch goal,

four objectives have been formulated for this study:

1) Develop a new climate index for tourism purpose that overctmedisnitations of the
TCI.

2) Compare the HCI witkhe TCI to examine whiaspatial ad temporal differences resiudt
therating of climate for tourismacrossa sample of 15 leading Europeanan
destinations.

3) Comparehe HCI and TCkcores against visitation data to see whether the HCI has a
more accurate performance in rgtiof climatic suitability for tourism.

4) Compare the HCI findings to previoli€Il-basedanalyses of the impacts of climate
change on climate resources for tourism in Europe to determine whatraifferent

spatial or temporal patterns emerge



Figurel.1l Map of Europe witii5 UrbanDestinationsSelected for This Study
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1.4 Structure of Thesis

The thesis has been organized into five chapters: Introduction, Literature Review,
Methods, Results, and Discussi@md Conclusions. Chapter one explains the studiexgn
research needmd the research gaahd objectives. Chapter two presents a review of past
studies discussing the interrelationship between climate and totimscijmate information
utilizedby tauristsandtheappl i cati on of the Mieczkowski 6s
Chapter three describdse newly designeHoliday Climate Index(HCI) and the methodsed
for conducting this studyChapter four presénthe key results fahe HCI and index
intercomparisonChapter fiveand sixdisausshow the researcbbjectiveshave beermet by
exploiing the contributionsof this research to the studyea of tourism climate indicesnd
presentsomerecommendationfor future researcbn theassessment afimatic suitability for

tourism
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Chapter 2

Literature Revi ew

2.1 Introduction

This chaptefocuseson reviewing the literature related taetrelationship between
climateand tourismand the development and applicatidrciimate indicedor tourism.The
chapter is divided intéour sections: climate and touristourist climatic preferences
assessment of tourism climatic suitabibtyd climate changé he first section discusses the
interrelationship between climate and tourigmejuding climate and destinations atttiveness,
climate as touristnotivation, seasonality and relationship between climate and tourist flow and
expenditures. The second section presantsverview of théiterature oftourist climatic
preferenceshatwereobtained by threeesearch approachesxpertbased, revealed and stated
approachThethird sectionfocuses on reviewinthe application and criticisms tife most
widely used indextheMi e c¢ z k olausiskniClinmgate Index (TCIl)The fourth section
describes the impacts of climate change in the tourism secfmarticular on European
destinations
2.2 Climate and Tourism

Tourismhas a multifaceted and highly complex relationship with clipretéit is widely
agreed that climatelays an importat role in influencing many facets tifetourism sector
(GomezMartin 2005,Scott and Lemieux 2018ecken and Hay 201&cott et al. 201)2All
tourism sectors and products areatherélimate sensitive to a degraadclimate acts bth as a
resoure anda limiting constraintfot o u r i s t stéurissnoperations ardbstmation

developmen{Scott et al. 2012)The mportance of climate tthetourism sectors reflected from
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its influence ordestination attractiveneds,o u r i s t snéaking pcesskength af holiday
seasomnd touristsodo flow and expenditures
2.2.1 Climate and Destination Attractiveness

From the perspective adurismsupply, climate has been identified as an important
natural resource fdhetourism sectofHu and Ritchie 1993, de Freitas 20GmezMartin
2005 Scott et al. 2002Some of the key characteristics of climagea tourism resour@eclude:
it is free,renewable andondegradableas well azannot bdéransported or storggzomez
Martin 2005) Three climate facetshe thermal, physical and aesthetic componeste defined
by de Freita (2003) agomprsing climateresources for tourist destinationshe thermal
component relates to the thermal comfort of tourists; the physical compodiedes
precipitation and wind, and may act as limiting factor for tourist activities, but is necessary for
others. e aesthetic componentludes sunshine, cloud cover, fog and sky colawever
climate is not always laeneficial resource for destinat®rit may als@ct asa constraintas the
distribution of climate resources vasgasonallyandis not homogeneouscross earth surface
(Andriotis 2005 andsomezMartin 2005).

The close relationship between climate el e st | nat i atrachivenedséov el of
touristshas been revealed by many studies (Mayo 1973, Gearing et al Ri&Mhe and Zin
1978,Hu and Ritchie 1993Nall and Badke 1994,ohmann and Kaim 199%ozak 2002 and
Moreno 2010)A destinationds ovearalld ast caual il Yefhass o
generallyincludethe tangible characteristics such as climate, accommodation, historical and
cultural resources (Crompton 1979). Climatic varialdeshas sunshine and temperatusvere
regarded as i mpa atttacimgttouristp to fravebto & specific aestmation (Dann
1981). Several studies revealed that climate is one of the main destination attributes to influence
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destination attractiveness (Mayo 1973, Gearing et al. 1974, Hu and Ritchie 1993, Lohachann a

Kaim 1999) . Mayo (1973) conducted a nationwid

attitudes toward a holiday. The results from the survey revealed that climate is one of the most

critical criteria respondents use in evaluating destinatioacéitteness along with scenery and

price. Hu and Ritchie (1993pnducted a&urvey in western Canada to examine the relative

importance of touristic attributes in contributing to the attractiveness of a selection of five

destinations (Hawaii, Australia, €ce, France and China) in regard to two different types of

vacation experiencésrecreational and educational experiences. The survey results showed that

climate is among the four most important attributes for destination attractiveness for a

recreationbvacation experience. Another study on destination attractiveness was conducted by

Lohmann and Kaim (1999), the surveys revealed that weather factor is particularly important to

the attractiveness of a destination for Germans. In addition, Gearing¥7&1) examined

industry expertso opinions on what the determ

industry experts from the Turkish government also revealed that natural beauty and climate are

the two most | mpor toaristic attfacticehesdthe stutlyofrWalkhand e gi on 6 s

Badke (1994) also assessed whether climate is a major determinant of destination attractiveness

in any given country by sending letters to 192 government tourism and meteorological

organizations. The findinggvealed that the majority (81%) of respondents felt that climate is a

maj or tourism determinant for a countryds tou
Furthermore, some studikaveclaimed that climate is the most important factor in

determining destination attractivess (Ritchie and Zin 1978, Wall and Badke 13@®%ak

2002,Moreno 2010). Ritchie and Zin (1978) conducted mailed questionnaires in Quebec,

Canada, to assess the relative importance of criteria in influencing the overall attractiveness of a
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tourismregon The results revealed that the criteri
important determinant of the attractiveness for Quelbettie study oKozak (2002) weather
wasrevealed athe most powerful destination attribute to attract tourists for summer vacation;
and countries with good climabeingvery attractive for outdoor activity seekefgother study
by Moreno (2010), focusemh obtaimngt our i st s6 vi ewsregiohbyt he Medi t e
conducting surveys gpeople traveling to the region. The studyealed that out of total 14
attributes, climate was considered hg tnajority of respondents (&) as the attribute
contributing the most to the attractiveness of the region.
2.2.2 Climatic Motivation

Since climate forms an important part of destination attractivereessyti st s choi ce
where to travel is the result of a decisimaking process which is closely linked to a
destinat i tractvenesandits rmade(Hamdton and Lau 2005, Scott and Lemieux
2010).Climate was revealed to be an important motivator and plays a key role in motivating
tourists to travel during key stagef the traveldecision making process (Dann 1981, Mintel
1991, Ryan and Glendon 1998organ et al. 2000, Limb and Spellman 2001, Maddison 2001,
Kozak 2002, Lise and Tol 200Bansal and EiseR004, Hamilton 2005, Hamilton and Lau
2005, Bigano et al. 2006, Gossling et al. 2006, Eugstadin and Campae$Soria 2010, Scott et
al. 2008).Cromptord €1979 O p us h 6 a mabealédrhat climdtepresahts both a
6pushdé and ndopvatihg tolrists @ take dialidajlimel (1991) claimed that 73% of
respondents to a UK survey specified 6édgood we
Glendon (1998) alsanalyzedhe relative importance of holiday maaitvons on British
holidaymakers, anfbundthat all respondeat r at ed 6éni ced6 cl|l i bmabt e as a
and Spell man (2001) conducted the research fo
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by climate conditions, especially focusing on those affected by their own climate perceptions for
the planed holiday desnations. Theiistudyuseda quéitative methodology oin-depth
discussion groups to investigate the importance of tourist memories and experiences in relation
to climate. The findings showed that people sometimes can be affected bywheier@eptions
of climate, even they have very ambivalent attitudes towards weather conditions, and their
decisions would change dramatically according to the changes in their perceived destination
cimateThe i mportance of c Iniclomdi®alsosuppdartedbgverait so6 des
multivariate analyses of tourist arrival data (Maddison 2001 and Hamilton et al. 2005).

In addition,several studies (Bansal and &{s2004, Hamilton and Lau 20060ssling et
al. 2006,Scott et al. 2008ndGossling et al. 20)2used surveyand interviewdo revealfrom
tourist perspective dfow climate acts as an influential factor in tourist decision making process.
Bansal and Eiselt (2004) conducted susiaythe Province of New Brunswick in Canada to
discuss what factors influencing tourist decisraaking. The survey results showed that climate
was one of the five major motivators for tourists to taking a linithe surveys conducted by
Hamilton and Lau (2005) in Hamburg Airport in Germany, climaas vankedy the
respondentas the most popular factdrhe tourist perceptions efimatechange and the
importance of climate faraveldecisions were explored by Gossling et al. (2006) by conducting
interviews on tourists traveling ithree major tousm areas in Zanzibar, Tanzania: Stonetown,
the North of Zanzibar and the East Co&gtecific climate variabksuch as rainstorms and
higher humiditywas revealed b¢ossling et al. (200@sthe most important weather variable
infl uencing Amaerecent study ddosslimg eb al. (20)2alsoexploredtourist
perceptions to climate change, and in partichaw tourist perceptions on climate change could
influencetheir decision-making processTourist perceptions and reactions to the impacts of
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climate have beerevealedo be helpful imanticipating the potential geographic and seasonal
shifts in tourism demand, changes in specific tourism markets, and the overall conmes#iot
businesses and destinatioi§ossling et al. 2012, p. 37).

At the same time, the choice of destination was also revealed as having close relationship
with touristsoé home cl i-MartnandCdmpaSeria2008). T ol 200
Peoplefrom regions with poorer climates have a higher propensity to travel to destinations with
warmer and sunnier climates and have more chances to take international trips, whereas better
climate in the regions of residence is related to a higher probalitigv@ling domestically
(EugenieMartin and Campa$Soria 2008)However different viewsexist regarding the
preferred cli mat e andsBigarocepal. @ID6) argugdeiope rdes c | i m
preferred destination climaitethe same for all touris, independent of their home climate
(Bigano et al. 2006).

2.2.3 Seasonality

The variation of tourist demartdroughout the yeas defined as seasonality, and it has
been identified as one of the most intrinsic andrpnent features of tourismas wellas one of
the biggest challenges facedthgtourism industry (Hartmann 1986, Baum and Hagen 1999,

Higham and Hinch 2002, Jang 2004). One broadly accepted type of categorizing seasonality is to
group it into two categoridsased on cause factorsstitutionalized seasonality and natural

seasonality (BarOn 1975, Hartmann 1986). Institutionalized seasonality refers to the holiday
seasons following an established social calendar to reflect social norms and practices. Natural
seasonality is related thevariability in climatic conditions throughout a yelaoth at

destination and source marke®imate is usually considered as the primary cause of a
destinationds natural seasonality (Butler 199
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climate negatiely impacts fluctuations of tourism demand and approaches have been

encouraged in order to mitigdtee level of seasonalityJang 2004, Andriotis 2009n

consideration of seasonality caused by clim@tstt and McBoyle (200Ihtroducedsix
conceptuadlistributions ofannuaftourism climate resource to descrihe seasonality type of

every dest i nagtima@yearroundriotrisra dimatefpoodyearround tourism

cimate O0summer peaké6, dDwonteer pepaklds ® diégudad @il y
21)A 6summer peakd or o6winter peakd climate in
pl easant climate for tourism compared to othe
climate occurs when spring and summer months are suitable for tourism than summer

mont hs. The 6édry season peakdéd typology refers
determined by precipitation and the peak time occurs when the amount of precipitation is the

most suitable for tourism in thry season.

Figure2.1 Six Conceptual Tourism Climate Distributions

‘Optimal’ ‘Poor’
‘Summer Peak’ Winter Peak’
‘Bimodal - Shoulder Peaks' ‘Dry Season Peak’

Source: Scott and McBoyle (2001)



2.2.4 Climate and Tourist Flow and Expenditure

In addition tothe influence of climate on destination attractivenessisiomotivation
and seasonalitglimate variability also influences tourism flowad expendituréAgnew and
Palutikof (2006) investigated the impacts of climate variability on the sensitivity of UK tourism
in terms of domestic as well as international todlwsts. The results showed a close link
betweennterannuatlimate variabilityin the UKand tourism flowg, sinceweatherof previous
year has an impact on tourist flowthre current year; in addition, wetter or coctbanaverage
conditions of the firsquarter of a year encourage morernationaholidays taken in the rest of
the year. The study also revealed that certain climatic parameters such as rainfall and sunshine
were found to have a greater impact on international tourism than tempdatustudy of
winter tourism Shih et al. (2009) modeled the influence of weather variation on daily downhill
ski lift ticket sales in Michigan and the findings showed tirsdthehas a significant impact on
ticket sales of ski resorts, and climatic valesbsuch as temperature, snow depth and wind chill
are all essential factors determining tourism expenditures for winter tourism.

The changing number of tourists causedritgrannuaktlimate variability has a
consequent influence on tourism expenditures (Wilton and Wirjanto 1998, Subak et al. 2000,
Elsasser and Burki 2002, Fukushima et al. 2002, Shih et al. 2009). Wilton and Wirjanto (1998)
analyzed the impact of a seasonal patter@@n adads touri sm demand,
from 1986 to 1997. Canadian tourism expenditures were faubéinfluenced greatly by
seasonal variations, as seasonality was reported to explain 75% of the statistical variation in
tourism expenditures arahe degre€elsiusabovenormal summer temperaturesreased

domestidourismexpenditurs by 4% (Wilton and Wirjanto 1998%ubak et al. (200uggested
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that relationship between climate and tourism expenditures is coraplxequiresurther
investigation.
2.3 Tourist Climatic Preferences
Climate has been revealed as having a close link with various aspemisism Thus to
under stand t our i s tasdunapceptablmatccanditi®ns onfa haigay is ma |
crudal for destinatiordevelopment, marketing and programibge f i ni ng t he O0i deal i
conditions preferred by touristé thresholdss critical to decisionmaking in particular
preferences of specific climate parametsueh as the amount of rain or hours of sunshiee, a
both essentidbr understanding the role of climate in tourist decisiamd challenginglt is
challengingoecaus@ e o p| e 6 s r e sipconsickreda matter oflperceydidfYapp and
McDondd 1978, de Freitas 2001, Gombtartin 2006 Gosslinget al. 2012 Touristsare
thoughtto respond to the integrated effects of the atmospheric environment (thermal, physical
and aesthetic aspects) rather than to climatic averageszZiwski 1985, de Freit@&)03).A
comprehensive summary of approachesma mi ni ng touri stsodé preferre
Scott et al. (2008), who identified three dis
preferences over the past thirty years: expasged, revealed preference and stated preference.
2.3.1 Expert-Based Preference
The most widely known study which used the expaded approach ttefinethe
optimal climatic conditions for urban tourism wamnducted by Mieczkowski (1985). He
proposedan index designed for assessing climate suitability faigo purpose oaglobal
scale for the first time. Five climatic variables, including air temperature, relative humidity,
sunshine, precipitation and wingere considered by Mieczkowski as esserfiéiedors
influencing overaltouristholiday experiencelhe tiermal comfort, a combination air
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temperature and relative humigitvas considered thmost influentialont our i st s6 comf o1
The optimal climaticonditions for urban tourisnveresetby Mieczkowski (1985) as follows:
between 28C to 27°C, precipitationless tharL5mm per month, mean mohthhours of sunshine
per dayequalto 10 hours or moregandwind speedelow 2.88km/h However, theexpertbased
presumptioof t ouri stso pref er r eegeatedcriticized assubjecoivea di t i o
and not validatedyy touriss themselve®n appropriate tourism indicatof@e Freitas et al. 2004,
Scott et al. 2004, Amelung and Viner 2006, Frarajzadeh and Matzarakis 2009Nidseh et
al. 2010).
2.3.2 Revealed Preference

The second approach, the revealed preference, was used by several studies (Maddison
2001, Lise and Tol 2002, Hamilton 2005, Hamilton et al. 2005, Bigaab 2006) to measure
touristpreferred climatic conditions through statistical modeladdison (20@) used the Pooled
Travel Cost Model (PTCM) based on microeconomic theory and destination characteristics to
examine the impact of climate change on various facets of destinations management. The
optimal maximum daytime tempaure for urban tourism wadentified as around 3C°C. Lise
and Tol (2002) also adopted Maddi sondés (2001)
touri stsdéo destination choice as wel |l as their
(Organization for Economic Cooperation and Blepmen} destinations. The optimal
temperature wasaid to be a daytime meanZif°C during the hottest month of the year. The
study also emphasized that tourists from different nationalities have different climatic
preferences. One shortcoming of thedstis that it used capital cities to represent the whole
countries, thus limiting the accuracy of the resudnother study used tHeTCM to explore the
changes of <cl i mat e ctomdhaice isldamiton (@05Thestudyin st s 6 de
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Germanyevealedhat for temperatures above zero, the optima@anmonthlytemperature is
24°C. Hamilton et al. (2005) also constructed a simulation model to estimate the impacts of
global changes on tourism demand by using annual arrival and departure data of 207 nations in
1995. The model suggested that igghest optimatemperaturés around 4°C. Furthermore,
Bigano et al. (2006) used a similar statistical model to analyze the relationship between climate
and holiday destination choice on tourists from 45 countries, and the results showed that the
estimated optimal annual temperature is 46.2t is worth noting that the study ataed no
matter which countryourists come from, a similar climatic condition is preferi@pposite
views were proposed by Lise and Tol (2002) an
climate preferacesarerelated to their origins.
2.3.3 Stated Preference

The third approach used to assess tourists
preference. Its main strength igstnot subjective likexpertbasedstudies and allows much
greaterdepto f anal ysi s regarding touristds preferen
etc.) than revealed preference appro@&@ydott et al. 2008)The common methods used in stated
preference approach include questionnaires, interviews and observatiors sstse stude of
Morgan et al. (2000), Mansfeld et al. (2004), Gosiveartin (2006),Gossling et al. (2006je
Freitas (2008)Scott et al. (2008 Moreno (2010)Rutty and Scott (201@nd Jacobsen et al.
(2011) Gossling et al. (2006) conductediarsitu study to investigate tourigierceptions of
climate conditions in @nzibar, Tanzanid.ouristperceptions of comfort level were found to be
affected by a set of climate variables including temperatan&all, humidity, and storms
Ranking of relative importance of climatic parameters indicatesehgierature is not the most
influential <c¢climatic variable in affecting to

21



might have more impacts than temperat@Gott et al. (208) alsousedthe statedpreference
approab to determine tourigireferences of climatic conditions in three major tourism
environments (urban, beach and mountain) by obtaining views from university students in
Canada, New Zealand and Sweden. The sunaytsaindicate that the optimal climatic
conditions in an urban environment include a temperature°@f, 25% cloud cover and-4
km/h wind speed. Temperature was also revealed as the most important paramebenfor
tourists, followed by rain, sunshine and wiSdott et al. (2008) also revealed three key findings
for climatic preferences for urban tourism; first, ranking of relative importance of major climatic
parameters (temperature, precipitation, sunshine, wsrdijferent for major tourism
environments (beach, urban, mountain); second, climatic preferences are also different among
major tourism environment; third, tourists from different nationalities would have different
preferencesThe study of Rutty and Sttq2010) also used surveys on university studaotsss
Europeto reveal their preferences of optimal climatic conditions for Mediterranean urban and
beach holidag. The survey results showed that majority of respondents (>50%) defineab
temperaturdetween 226°C for a Mediterranean urban holiday.study conducted by
Jacobsen et al. (2011) also assessed tourists
sightseeingby conducting interviews in two Arctic archipelagos in northern Scandirtaight
climatic elements were included in the survey (clear sky, rather cool weather, windy, occasional
rain, frequent rain, low visibility, high sea wave, frequently changing weather), and the survey
results indicated that clear sky is thestpreferredclimate variablgor a summer season tyip
followed by rain, visibility, sea wave and wind.

Touristsod climati c phaeefalsorbeen eveaedinanumiieech c h h
studiesusing the stated preferenapproachiMorgan at el. 200Qylansfeldet al.2004 de Freitas
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et al. 2008, Scott et al. 2008loreno 201@&nd Rutty and Scott 201 Mifferent from urban
tourism,temperature was not the most important weather parameters for beach tourism (Morgan

et al 2000, de Freitast al 2008, Moreno 2010)0Mor gan et al . (2000) asse
optimal climate conditions by conducting surveys in Wales, Malta and Turkey, in particular their
preferences for thermal sensation and bathing water temperature. The survey revealed both

optimal climate conditions for beach users and ranking of relative importance of the main

climatic parameters (temperature, sunshine, rain, wind). The majobBach users (29%) in

Wales, Malta and Turkey ranked absence of rain as the most important eaf@matoeach

holiday, followed by sunshine (27%), windiness (26%), and temperature (18%). Although the

study revealed ranking of relative importance of climatic parameters as well as preferred bathing
water temperatur@2-26°C), preferences for specifdimatic parameters (e.g. strong of wind,

duration of rain and sunshine) were not defined. The study of Moreno (2018sséssed the

optimal climatic condition$or beach users byuestionnairesith people travelling in Belgian

and Dutch airporttot he Medi t erranean region. Similar to
absence of rain was ranked as the most important clipatgneter for a beach holiday.

However, for the resif theclimatic parameters (temperature, sunshine and wineljanking

was in different ordexfrom Morgan et al(2000)with temperatureanked second instead of

sunshine. The cause of difference in ranking of climatic parameters was found to link with
respondentsod origin climate.

The exploration of the relationship betwdem ur i st s 6 «limatgpreferencesn d t h ¢
has been conducted by Mansfetdal. (2004 and Scott etal. 20 8 ) . Il n Mans) el d et
study, by interviewing beach users at Eilat, Isrdeimestic tourists were found to haliferent
climatic preferences than international tourists for a beach holiday. Different from Morgan et al.
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(2000) and Moreno 21 0 ) , i n Ma n s)fstady,dvincevtas ranked asghe (h@sto 0 4
influential parameter for a beach holiday. Scott et al. (2008) also re\seedtationship between
climate prefer enc e,bpsurdeyingstudentsdronstidree mauritriesy @aadda, t 1 e
New Zealand and Sweden. The survey results showed that sunshine is the most important
climate parameter for a beach holiday, follovilgddemperature, absence of rain and wind.
Touristpreferred climatic conditions mountainsvere assessed by the staéggroach
(GomezMartin 2006 Scott et al. 2008 The surveyesultsfrom GomezMar t i nés (2006)
presented a number of findings fapuntainactivitiesin summer 1) tourists have high
expectations for daily sunshine, but it is not an impeding factor for outdoor activities; 2)
precipitation is an impeding factor; 3aximum temperature is the most important paraméjer;
wind is the most irritating element, even more theacipitation At the same time, surveys from
Scott et al . ds ( 200 8)climatic noddjtions foroowrgadh envitoramtentt he o
include temperature around 20, with slightly cloudy sky and no wind or light breeze preferred.
By reviewing the literature abouduristclimatic preferences obtained throutjinee
approacheseipertbased, revealed and stated preferénoee can concludiatdifferences
existon the ranking of relative importance of climatic parameters, as well as pretecénce
optimal climatic condition$or different tourism segmen($able 2.1). There are four major
findings revealed from reviewing the literatu¢) no single optimal climatic ealitions forall
forms oftourism was agreedpon (2) tourist preferences of climate conditions are different in
major holiday environmes{urban, beach and mountai() tourist comfort level is an
individual perception,rad while it is hard to define an universatceptedtandardonly general
preference patterns (zonessatisfactiof) are obserable (4) touristclimatic preferenceselate
to their home climatdn addition, different views exist regarding to the ranking of climate
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variables in assessing tourist comfort level. Temperature was regarded as the most influential
variable for tourist comfotby macrescale economic modeling studi@daddison 2001, Lise

and Tol 2002, Hamilton 2005, Hamilton et al. 2005, Bigaral.€200§ andstudies of
Mieczkowski(1985 and GomeaViartin (2006).However,survey based studies with tourists
foundthat temperature is not always the most important climate varidhlenang tourist
decisionsso thatan integration of climatic variables should be considered when assessing
touri stsodo pr ef er(Moegdn etal 2000ade Freitasetoah 2008t Scatt et sl.

2008, Moreno 2010).
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Table 21 TouristPreferences dflimate Conditions

Ranking of Relative Importance

Optimal Climate Conditions

Approach Author Region 1 2 3 4 Temperature (°C) |Precipitation (mm)Sun (hrstloud (Y9wWind (km/h)
Expert- | Mieczkowski Global Thermal Rain | Sunshine | Wind 20-27°C <15 >10 <3
based (1985) -

Maddison (2001 UK Thermal _ _ _ 30.7°C _ _ _ _
Lise & Tol (2002) OECD Nations| Thermal _ _ _ 21°C (Tmean of hotte _ _ _ _
month of year)

Revealed | Hamilton (2005 Germany Thermal _ _ _ 24°C _ _ _ _

Hamilton etal. Global Thermal _ _ _ 14°C (annual mean) _ — - -
(2005)
Bigano etal. Global Thermal 16.2°C
(2006) _ - _ - _ - _
Gossling et al. . . -
(2006) Tanzania Rain Storm Humidity [Temperaturg _ _ _ _ _
Scott et al. Canada, New . . ) o
Stated (2008) Zealand, Swede Thermal Rain Sunshine Wind 22°C _ _ 25 1-9
(Urban) Rutty & Scott o
(2010) Canada _ _ _ _ 20-26°C _ _ _ _
Jacobsen et al Northern . T
(2011) Scandinavia Sky Rain Visibility Seawave _ _ _ _ _
Morgan et al. UK & . . ) o .
(2000) Mediterranean Rain Sunshine Wind Thermal |22-26°C (bathing watef) _ _ _ _
Mansfeld etal. Israel Wind Sky Thermal RH 20-25°C _ _ 18 <2-3m/s
(2004)
Stated de Freitas (2008) Canada Thermal Sunshine Rain Wind 20-24°C _ _ _ _
(Beach) Scott et al. Canada, New . . ) o
(2008) Zealand, Swede Sunshine Thermal Rain Wind 27°C _ _ 25 1-9
Moreno (2010)| Mediterranean Rain Thermal Sunshine | Water Temp _ _ _ _ _
Rutty & Scott o
(2010) Canada _ _ _ _ 27-32°C
Gomez-Martin . .
.28° > > <5.5-7.
Stated (2006) Spain Thermal Rain _ _ 22-28°C 3 11 _ 5.5-7.9
(Mountain)| Scottetal. Canada, New . . . o
(2008) Zealand, Swede Rain Thermal Sunshine Wind 20°C _ _ 25 1-9
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2.4 Assessment of Tourism Climate Suitability

|l nf ormati on about a dydostourismastsedoyrbétistoudstsi mat i ¢
and tourism service providelso devel op a method to deter mine
suitability for tourism and to present the information in a more easily interpretable way to
touristsis essentiafor all stakeholders involved in the tourism sector

Il n an attempt to accurately assess a regio
methods have been developed. Due to the complex nature of climate, an index which integrates
all facets of climate relevait tourism, uses standard datad is objecvely verified, was
consideredy de Freitag2003 asthe mostappropriate approach to facilitate interpretation of
climatc elements
2.4.1 Climate Information for Tourists

Climate is an importat factor to influence touristecisions on where to travel aad
number of studies reveal that tourists seek weather and climate information most often during
holiday planningstage(Smith 1981, Hamilton and Lau 200Becken et al. 201,(cott and
Lemieux 201Q. In the study of Smitlf1981), a survey was conducted on northern European
travelers to the Mediterranean region, and results revealed that 81% of respondents would obtain
information before making travel reservations. Hamilton and Lau (2005) also revealed a similar
result thatd2% of German outbound tourists inform themselves of destination climate conditions
before booking holidays. The study of Becken et al. (2010) even showed that 94% international
travelers to New Zealand responded they would obtain climate informatior vefeeling.
However, he studies about the use of weather and climate information by travelers are still
limited and areas of uncertainty exist regarding what specific type of climate information tourists

consult and how tourists interpret the obtained forms of climatic inteyméScott et al. 2012).
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The commorclimateinformation provided to tourists includes daily air temperature,
humidity, precipitation, sunshine duration, wind speed;rdifation and air pollution. However,
climate information provided to tourists by weait stations was considered insufficient to satisfy
touristsdé growing needs and is hard to unders
the form of climatic averagewhich is less meaningful to most touridt$atzarakis 2001, de
Freits 2@3, Hamilton and Lau 20Q0%Zaninovic and Matzarakis 2009, Scott and Lemieux 2010).
Matzarakis (2001) assessed the climate information for tourism in Greece, pointing out that
detailed temporal and spatial bioclimatic analysis of the theainysiological paranters should
be included. The type of climatic information sought by the tourists has been also explored by de
Freits 003) and Hamilton and Lau (200%le Freitas (2003) pointed out that climate data
should be presented in a form that can be readilypregrd and easily understood by the users,
and data should convey the likelihood of the occurrence of a specific condition rather than
average values with no physiological or psychological meaning. To present climatic information
in the format of an indewas considered by de Freitas (2003) as the most appropriate way to
present climate information to the tourists. This algeeed by Hamilton and Lau (2008ho
conducted surveys at Hamburg Airport to analyze further on what type of specific climatic
information is sought by tourists, as well as when tourists active seek information and how
information should be presented. The survey results indicated that numerical data is the most
popular option (57%) for presenting climatic information to tourists, fatbywy diagrams
(36%), maps and satellite image (33%), and text is the least preferred option (27%).

In addition, how weather and climate information is communicated to toandthow
differentkinds of communication channelsave been used to deliverckunformation are still
unexplored (Scott et al. 2012). Only one stUsiyott and Lemieux (2010presented a
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comprehensive analysis of different providerslohate information and servicesy®xploring
current and emerging application of climagrvices in the tourism sectogur climate
information providers were identified: the National Meteorological Services (NMSs), private
sector providers, tourism operators and destinations. The NMSs and tourism operators offer
relatively limited services comped to the private sector. In recent years, private sector has
become an innovative leader in providing a variety of climate information and services by
adopting emerging technological advancements to deliver specialized climate information to
tourists andther endusers. However, existing climate information were insufficient to satisfy
differentendu ser s6 needs; misleading climate i nfor ma
communication material®arnes (20023tressed that travelers have expressed they feel misled
by travel operators and marketers about destination cliBetee there is no evaluation of the
quality and accuracy of climate information provided to the tourists, the reliability of the
information is highly questionablét the same time, tourism operators and destination
marketers in several countries have expressed frustration with NMS weather forecasts and the
impact on tourism (Becken et al. 2010, Scott and Lexn810).
2.4.2 Tourism Climate Indices

The early climatic indices were not developed for the purpose of leisure and tourism, but
for applied climatology and humdnometeorologyThe research of tourism climatic index and
the provision of tourism climatology information wereginally traced from the applied
climatology and humabiometeorology fields (Mieczkowski 1985).

Becker (1998) developedtlide ach Comf or t evaloagteextt®erméll 998) t o
conditions of beach holiday resorts in South Africa based on human emdaggdocalculation.
The calculation was based on the heat loss by radiation for a person lying on the beach, and
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factors taken into calculation include air temperature, humidity, wind speed, direct sun radiation,
diffuse radiation and lorgave atmosphericounter radiationHowever, he major weakness of
this type ofbioclimatic index is thait singles out the thermal comfort as the most important
facet but i gnores other variables which may hav
level. The oher weakness is thatioclimatic index cannot be easily understoodhm®general
public as complex climatologal information is presentedviorgan et al. (20003alsodeveloped
an indexthe Beach Climate Index (BCHo assess the climatic conditiorfdeach for beach
userdfeaturing thermal sensation, precipitation, sunshine, and wind spessihigysurvey results
obtained fronhe a ¢ h u s e r s @ite foetlseip aimasqereferencas.

As noted, he most widelyjusedi ndex i's MiE2T&X)o ws ko wrsi sm CIl i n
(TCI). Itis the most widely applied index to assess climate resources for tourism (Scott et al
2004,2012. Howeveras indicatedhe TCI has been criticized by many authors as being
subjective and not been validated witltists (de Freitast al 2004, Scotet al 2004, Amelung
and Viner, 2006, Frarajzadeh andifzarakis, 2009, Perdlielsenet al 2010).Thereforein
order to overcome the deficiencies of the T@ Freitas et al. (2008) developedoaceptually
new irdex for tourism climate assessmehg Climate Index for Tourism (CITHowever the
CIT was only designed f@S (sun, sea and sand) tourism, but not for general tourist activities
Yu et al. (2009a) modified the TCI to developadified Climate Index foffourism(MCIT)
using climatic data from more than 50 years in Florida and Ald3k@indexusedthe hourly
observationon temperature, wind and add®& new variables deemed relevant to touriam
these study aredsisibility and significant weather event data

Neither of these newer indices (CIT or MCIT) made usewrfistclimatic preferences
findings from revealed preference studigsiniversal accepted climate index for tourism was
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urged by researchers to be develofmedhe purpose of application to different kinds of climate
conditions, regions and seasons of the yéamdritzkyet al.2001)and facilitate improved
destination comparisons and marketing in the global tourism market(Bleatt et al. 2008
2.4.3Mi e c z k o WeukiamdCsimate Index (TCI)

The firstattempt to deelop an index to assess a destingiien c | | abdityforc sui t
tourism wady Mieczkowski in 1985, who designed the Tourism Climate Index (TCI) to
integrate all climatic variableseemedelevant to tourism into a single index to measure the
climatic welkbeing of tourists engaged in general tourism activ{ges. sightseeing)rhe TCI
was designed based on existing literature related to climate classifications for tourism and
recreationand its theoretical considerations were from the biometeorological literature related to
human comfort$cottet al. 2004) Seven climatic variables have been used in the TCI
(maximum air temperature, mean air temperature, minimum relative humidity reletwve
humidity, amount of precipitation, hours of sunshine and average wind speed). The TCI has been
identified to have two main strengths: its integration of three essential climatic facets (thermal,
aesthetic and physical) into a single index, amméd# widespread applicabilias the required
climatologicaldata for climatic variables ammmonly available from weather stations with
simple data provision and calculatiqi@cott and McBoyle 2001, PerecNielsenet al 2010). In
addition, the TCI cabe easily interpreted by the general pufdicale o+30 to 100) and it was
designed to measure the mostmon tourism activities, sightseeiagd shopping

Althoughthe TCI was designed nearly thecades ago, it is stithe mos widely used
climateindex n assessing a dest.iTheadGlhaslbeénused ih studiasttor ¢ s
assess a destinationds c urnCemgiaétal.200B,madzadeh c ondi
and Matzarakis 2009, Roshan et al. 20@8)well as to eaminefuture climatic resources by
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combining with climate change scenari8e¢tt and McBoyle, 2001, Sceatt al 2004, Anelung
and Viner, 2006, Amelungt al 2007, Hein 2007Nicholls and Amelung 200&melung and
Moreno2009, Heiret al.2009, Yu et al2009a and 2009b, Perdhielsen et al2010, Whittlesea
and Amelung 2010).
2.4.3.1 Applicationof Mi eczkows ki 6s TCI

The TClhasbeengpl i ed i n studies to assess a place
global (Amelunget al. 2007), regional (Scott andcBloyle 2001, Scott et al. 2004melung and
Viner 2006,Hein 2007, Nicholls and Amelung 2008melung and Moreno 2009, Hein et al.
2009,PerchNielsen et al. 2010) and counfalgstinatiorscale (Cengiz et al. 200Barajzadeh
and Matzarakis 2009, Roshan et al. 2009 et al. 2009a and 2009V hittlesea and Amelung
2010).Amongthe 15identified TCI studieshoth current and future conditions of climatic
resources for urban tourishhave been exploredo use the TClo assessurrent climate
conditions and tourism potentials would provide types of information: locationsith good
climate conditions and months with the most suitable climate to Vistcombination ofhe
TCI and climate change projection is alsmneficial for tourism climate studiesd has profound
implications for exploring the impact of climate change on tourism climate resources

Amelunget al. (2007ombined two climate change scenarios (B1A and A1F) with the
TCI to examine the potentiahanges of climatic conditions for global tourisile findings
showed thain Europe climate of both northern Europe and the countries of the northern
Mediterranean coasreexpected to change. A substantial improvement in summer climatic
conditions of the northern European countries has been projected. In contrast, for the
Mediterranean countries including Spain, France, Italy, Greece, Turkey and others, summer
months are kely to become too hotfortaurs m act i vi ti es and a &ébi moda
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distribution is also projected, suggesting a shift in their peak season from summer months to
shoulder periods.

Several studies have conducted researdh@glimatic suability for tourism in a
regional scalemainly focusedn North America and Europ8cott and McBoyle (2001) used a
modified version of TCI to explore the impact of projected climate change on climate resources
of 17 North American cities; at the sanmae, the issue of whether the TCI can reflect tourism
demandvasvalidated in the study by comparing seasonal TCI scores with accommodation costs.
Six conceptual tourism climate distributions (optimal, poor, summer peak, winter peak, bimodal
shoulderpeae nd dry season peak) were developed for
annual climate distribution. Although only one demand indicator (accommodation cost) was
measured, positive resultereachieved as the TCI was revealed to be a useful tonetsure
the relationship between climate and tourism demBaded on the study of Scott and McBoyle
(2001), Scott et al. (2004) went further to use the TCI to examine the potential changes of
climate resources of 143 North American cities (90 in the UgAn Canada, and 9 in Mexico)
under 2 climate change scenarios (CGCEBRand HadCM3A1F1) for the 2050s and 2080s.
The results from both studies indicated that climate resources of the destinations in the USA and
Canada will improve in both 2050s and 268

Besides North American regioa,number oktudies have also assessed the projected
change®f tourism climatic resources with the application of the TCI in major European regions
and destinations including the Northern Eur@geholls and Amelun@008 Amelung and
Moreno 200%and PerckNielsen et al. 20109nd the Mediterranean region (Almeg ard Viner
2006,Hein 2007and Hein et al. 20Q09Nicholls and Amelung (2008) used the TCI and the IPCC
SRES A1F and B1 scenarios to examine the projeci@ugels in climatic suitability for tourism
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in a number of northwestern European countries including the UK, Ireland, north France,
Belgium, the Netherland, Germany, Denmark, and the southern portions of Norway and Sweden.
By using the same climate changersarios (A1F and B1), the findings of Nicholls and

Amelung (2008) showed a similar result to the study of Amelung et al. (2007) regarding the
projected changes of climatic resources in northern European region. The climate conditions of
summer months wegrojected to improve in the coming century and the length of peak season
was also expected to extend from summer to spring and fall which will make the region more
competitive to the Mediterranean summer season.

The studyof PerchNielsen et al. (2010) asssed the suitability of European climate for
sightseeing by combining the TCI with the A2 climate change scenario. Thasthdyfirst and
the only one of all identified TCI studies to addridesTClI deficiencyof low temporal scalby
using daily cdimate data instead of monthly averaBg.assessingiajor Europe regions
(northern, central and southern Europe), the findings indicated that climatic conditions of
northern and central European destinations will improve in most seasons vdueridasn
Europe is expected to experience deteriorate summer climate conditions in the coming century.
However, the drops in suitability of the Mediterranean summer months will be compensated by
improvements in spring and fall months.

The studie®f Amelungand Viner (2006)Hein (2007 and Hein et al. (2009)sedthe
combination of thd Cl and climate change scenartosassess future climate conditions of the
Mediterranean region. Amelung and Viner (2006) used the TCI to measure possible changes of
climatic resources in the Balearic Islands under climate chsecegeario The six conceptual
climate distributions developed by Scott and McBoyle (3@ere used in the studyh& results
of the study showed that changes of climate resources will be small2628sin the
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Mediterranean regiqrbut dramatic in the 2050s and 2080s. The TCI scores suggested that

climate conditions in spring and fall will improve in the Mediterranean region, but summer

climatewill deteriorate, which will makéhe Mediterraneangiona O b i-preoadkad dest i nat
Similar to the study of Scott and McBoyle (2001), Amelung and Viner (2006) also tested the
performance of the TCI as a predictor for tourist demand by plotting monthly visitation statistics

of 19992003 periods against mthly TCI values of the Balearic Islands. Again, positive results

were achieved, with laigh visitation level coincithg with a high TCI value. This indicates that a

close link between TCI values and tourist demand exists.

Hein (2007) also used the TClanalyze the effects of climate change on Mediterranean
regiondos future climate suitability for tour.i
predicted in five Spanish regions (Andalucia, the Mediterranean coast, Central Spain, Northern
Spain ad the Balearic islands). The study presented a similar result to Amelung and Viner
(2006) that summer conditions of tefsited destinations in the Mediterranean region such as
Spain will suffer substanti al itawilkmprosedror e dec
the study of Hein et al. (2009), the suitability of climate in Spain at present and in 50 years was
analyzed by the TCI and study also showed the changes in the attractiveness of the climate for
tourism at major European tourism regiomnbe results of the analysis showed that climatic
conditions in summer months of almost the entire Mediterranean region will deteriorate, but
climate in the northern half of the continent is expected to be very good. Amelung and Moreno
(2009) used the T@b examine current and future climatic suitability and changes of the whole
Europe. The study focused on two tourism segment, the light tourism activities and winter sports.
Similar to the previous studies changes of climate conditions in Europe, thdihgs of
Amelung and Moreno (2009) showed that summer of southern Europe will experience less

35



favourable conditions for tourism, but there will be better summer conditions in the countries of
the northern Europe.

The studie®f Cengize et al. (2008farajzadeh and Matzarakis (2009), Roshan et al.
(2009) and Whittlesea and Amelung (2010) have used the TCI to assess tourism climate
suitability on a country/destination basgengizet al. (2008) used the TCI to evaluate tourism
potential in Canakkale, @orthwest province of Turkey amdonthly TCI values of Canakkale
were displayed in order to reveal the best time to visit. In addition, the relation between each
climatic variable and the TCI score has also been investigatetthermore, both Farajzadehd
Matzarakis (2009) and Roshan et al. (2009) assessed the current climatic conditions in Iran.
Farajzadeh and Matzarakis (2009) used the combination of the TCI and the Physiologically
Equivalent Temperature (PET) to determine current climate condiiche northwest Iran and
the most suitable months to visit. Roshan et al. (2608)bined the TCI with the study of urban
sprawl to identify the effects of the urban sprawl of cities on toucigmmate index (TCI)
oscillation in Tehran. By determining thheantitative coefficient between monthly TCI values
and urban sprawl components (population, area, density and number of automobiles) for three
18vyear periods in Tehran, the authors revealed that the urban sprawl of cities had a negative
effect on the TCindex. Within the urban sprawl components, transportation and the increase in
the rate of ownership of a personal car have a significant effect on the annual and monthly TCI
coefficient

By improvingMi eczkows ki 6s (1985) TCa (00%u et al
developed and applied the Moddi€limate Indexfofr our i sm ( MCI T) to asses
climate suitability for tourismYu et al. (2009a) developed and tested the MCIT in the climate
contrasting regions, Florida and Alaska, to measure climate as tourism resource by using hourly
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climatic dataThe major improvementsf the MCIT over the TCinclude the usage of hourly
data nstead of daily average and incorporate variables that are more relevant to tourism activities
such as visibility and significant weather variables (e.g. rain, lightniigg studywent a step
forward from past TCI studies to use hourly data rather thay @verage to climate suitability
for tourism that all ows the assessmentn of sui
another study conducted by Yu et al. (2009b), the MCIT was adopted to examine seasonal
patterns at two Alaska destinatg King Salmon and Anchorage.

In a more recent study conducted by Whttlesea and Amelung (2010), the TCI was used to
explore the impact of climate change on tourism comfort and seasonality in the southwest
England. The TCI results showed that climatedioons in the shoulder season are expected to
improve and climate of summer months could become excellent and even ideal for tourism.
2.4.3.2 Deficienciesof Mi eczkowski 6s TCI

DespitetheT CI 6 s wi de aeficericieschave heenmotedih triscisnds
mainly focuson three areagl) inapplicable tall climatesensitive tourism activitie$2)
subjectivity in choosing climatic variable and assigning weighting component in the {B8)lex;
and overconcentrating on thermal comfort componentst-ialthough the TCI was designed to
assess the most common tourist actigightseeing)it still has limitation as weathesensitive
activities such as beach tourism cannot be assessed by theti@iit modification(Scott et al.
2004,Amelung et al2007, de Freitas et al. 20D8Second, the central weakness of the iEGhe
subjectivity of its rating and weighting systeas no verificationof our i st sd Vvi ews we
obtained (de Freitast al 2004, Scotet al 2004, Amelung and Vin&006, Frarajzadh and
Matzarakis 2009, PereNielsenet al 2010).The importace of incorporating our i st sé st at
preferences of optimal climatic conditions was regarded as essential for a comprehensive climate
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index (GomezMartin 2005). Thirdpveremphasis of thermal o mponent i n TCI 6s ¢
giving it the highest weightinmay not corr ect | y ceptibloécimatict our i st
suitability (GomezMartin 2005, Scott et al. 2008j.should also be noted that the TCI does not
take any potential overriding effea physical variablegto consideratioiide Freitast al.
2008.

Another deficiency of the TCI has been revealed astéamporal scale biylatzarakis
(2007)and PerckNielsen et al. (20l10Mat zar aki s (2007) <criticized
claiming that climatic data used by the TCI are mean monthly values, and it only consider basic
climate elements. This was further addressed by Rielsen et al (2010) by sayingaihthe
TCI has a low temporal resolution. The temporal scale of the variables usediinmb@thly
averages, was considered as insufficient for tourism purposes, as tourists react to an integrated
effect of the different climatic variables on each simgg. However, both Matzarakis (2007)
and PerckNielsen et al. (2010gnored the fact that the TCI was developed during the pre
internet era in which the availability of climatic data was limited.
2.5 Anticipated Changes of European Climate Conditions

According to the IPCC (20@y, eleven of the twelve years from 1995 to 2006 have been
observed among the warmest years in the instrumental record of global surface temperature since
1985; global temperature was predicted an increase of pet°@ecade fothe next two decades
under a range of SRES emission scenarios. For the tourism industry, climate change has even
been argued to pose a greater security threat to tourists than terRasinmd(and Robinson
2010).

Climate has been considered as an important natural resource for European tourism
industry and the effects of climate change have brought influences on European climatic
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conditions. According to the Intergovernmental Panel on Climate Change (IPCC) (2007a),
average increase of 0.1 to 0.4°C for next decade in Europe has been predicted, despite the rate of
warming is not uniform across the region. The areas with the most intense warming prediction
include the southern (Spain, Italy and Greece) and nortffeakind and western Russia)
Europe; the summer warming is going to be more noticeable in the southern Europe (0.2 and
0.6°C per decade) than in the northern Europe (0.08 and 0.3°C per decade) (IPCC 2007a).

The impacts of warming temperature on tourisamehalready been seen in climate
sensitive activities such as ski in some of Europeaivigfed resorts. The study of Koenig and
Abegg (1997) examined the impacts of sabaficient winters on tourism sector in Switzerland
at the end of the 1980s and segtgd that unfavorable snow condition have direct impact on ski
demand in Switzerland. Elsasser and Burki (2002) evaluated specifically the impacts of climate
change on ski resorts in the Alps to assess how tourism industry should cope with the changing
of snowreliability under current climate change scenarios. The study concluded that the
changing of climate poses a challenge for tourism as the predicted climate change phenomenon
may cause ski resorts becoming less sneliable, and subsequently influeng tourist flow and
expenditures. In addition, a tourist survey also showed that duringgmavwseasons, 49% of
the skiers would change to other ski resorts that are moreratiable, and 32% of the skiers
would ski less often (Burki et al. 2005). Mawer, drops in snow depth caused by changes of air
temperature were reported to have an inevitable effect on income level of ski industry. In the
Al ps, shortage of snow at the end-wayf the 1980
companies dropping B0% (Elsasser and Burki 2002).

Current climatic conditions of major European destinations in different regions and their
suitability for tourism are predicted to change. Several studies have predicted that summer in
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northern Europe is expected to have@epleasant climatevhile the Mediterranean summer

wi || become ¢ taadulimatedf gpring and falltmonths in the Mediterranean

region will improve (Morgan et al. 2000, Hamilton et al. 2005, Amelung and Viner 2006,

Amelung et al. 2007, &In 2007, Nicholls and Amelung 2008, Amengual et al. 2010, Perch

Nielsen et al. 2010). The studies of Morgan et al. (2000), Hein (289d)Amelung and Viner

(2006) revealed that many southern and eastern Mediterranean beach destinations will become
Otlhot 6 for beach us e Buma monihsigsordewfthe papulad Augu st
Spanish islands will become unpleasant for tourists in 2080 because of excessive temperature,

and tourist flow will decrease substantially as a consequence of climate chaatieer study

predicting future climate conditions in Spain was conducted by Amengual et al. (2010), who
measured future climatic conditions for sun, sea and sand (3S) tourism in the System of Platja de
Palma (SPdP). The results of the study showedthatc ent 6i deal 6 summer cl
Spanish island will deteriorate and a shift of optimal climate from peak season to shoulder

season in the Spanish coast was also predicted. Furthermore, Amelung and Viner (2006) used
combinations of climate chaagcenarios and the Tourism Climate Index (TCI) to predict future
climate conditions in Europe. The Mediterranean summer climate was predicted to drop from
6excellentd conditions to only 6gooddé or Oacc
the TCI. A projection on future climatic conditions of global scale conducted by Amelung et al.

(2007) also showed that by the 2080s, the most comfortable summer conditions (June, July and
August) will shift from the Mediterranean coastlines of Spain, Frdialg, Greece and Turkey

to the countries in the northern Europe including northern France, southern parts of the UK,
Germany and southern Scandinavia. In addition, the traditional Mediterranean beach resorts will
change to a cli matud dwirt Ip etatkes 606 lwii mdhd anlor h pl eas
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fall. In contrast, climate conditions of northern, western and eastern Europe are projected to
improve in the coming century (Amelung and Viner 2006, Nicholls and Amelung 2008 and
PerchNielsen et al2010). Climate in summer peak season will improve, with peak season
extending to spring and fall.
2.6 Chapter Summary

This chapter foctexion reviewing the literature related to the role climate plays on
tourism, specifically on topics of the cli mat
different environment, and the method of using an index to assess climatic suitabilityitimtou
Existing studies have agreed that climate 1is
holiday experience in many aspects, butansensubasbeen reached on what the optimal
climatic conditions are for tourists in specific environmenteearch on this quesn is fairly
new and developin@nly a few methods have been developed specifically to assess climatic
suitability for tourism purpose, even fewer which use the index method to assess objectively and
present the information in an easyerpretable way. Only one studylieczkowski (1985)
designedan indexthe Tourism Climate Index (TGHo measure climatic suitability for general
tourism activities which has been applied widely in climate potential and change studies.
However,the TA hasbeen identified to haveeficienciegmainly on its subjective design of
rating and weighting system. Therefore, after nearly three decades since the TCI was developed
in 1985,a need has been identified to design a new index which couldaverthedentified
deficienciesf the TCI

Next chapter will describboth the newly designed index and the methods used to
conduct an intecomparison study to assess whether the new jnaf@trmed by recent advances
in tourist stated climate preferencperforms differently than the TCI
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Table 2.2 Application oT Cl in ExistingStudies

Region Data
g Author Study area Study goals
type
Global Amelung et al. (2007) Global Potential implications orfe(:;lgmuflct:schange on tourism clima Monthly
Scott & McBoyle . " . . .
Regional (2001) 17 North American cities Impact of climate change on tourism climate resources| Monthly
(North America Scott et al, (2004) 143 North American cities Current and future climate resources distributions under Monthly
climatechange scenarios
Amell(JanO%)Vmer Mediterranean Region Impacts of climate change on tourism climatic resourcey Monthly
. Spain, Mediterranean, Impacts of climate change on tourism climegsources and
Hein (2007) Northwest Europe tourist flow Monthly
Nlcholl(sszog;nelung Northwest Europe Future climate conditions in Northwest Europe Monthly
Regional Europg Amelung & Moreno Europe Examine changes of climate conditions in whole Europe uf Monthl
(2009) P climate change y
Heinet al. (2009) Spain & Europe Assessed suitability (_)f S_pams_h climate and major Europe Monthly
destinations in 50 years
PerchNielsen et al. Europe Presergdtourism climate resources distribution under Dail
(2010) P projected climate change scenarios y
Cengiz et al. (2008) Canakkale, Turkey Current climate conditions and potentials Monthly
Farajzadeh & . . .
Matzarakis (2009) Northwest Iran Current climate conditions and potentials Monthly
Roshan et al. (2009) Tehran, Iran Effects ofurban sprawl o(f)srrgielzlt;(t)igﬁlls on tourisclimate index Monthly
Country/Destinatio — -
Yu et al. (2009a) Florida and Alaska Developed and tested th(zMMé)lc_jrg‘led Climate Index for Tour Hourly
Use MCIT to examine seasonal pattesihswo Alaska
Yuetal. (2009D) Alaska destinations, King Salmon and Anchorage Hourly
Whittlesea & Amelung South West England Impacts of climate change on tourism comfort and season Monthly

(2010)

under UK Climate Projections
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Chapter 3

Met hods

3.1 Introduction

This chapter presents the methods useddess the differences of tveo tourism
climate indices, the Tourism Climate Index (TCI) and the Holiday Climate Index (HCI) in rating
the climatic suitability of the selected 15 Eurapeity destinationsas wdl asto examinefuture
climatic suitability for tourism in Europe under projected climate chahge rationale for
selecting thézuropean cities for this stuggdescription of the TClating and weighting system,
the design of the HCI and itmprovemens over the TCJlas well aglata collection for climate
change study are described in the following sections.
3.2 Selection of Study Area

Eurgpe has been chosen as the study region for this study because of its primary
importance as a globaludsm destination and the availability of higher temporal resolution
geospatial data needed for this stullinong all popular tourism destinations, Eurapéhe most
visited region in the world. In 2011, Europe wiasmost visited by internation&burists,
accounting for 51% (503 million) of the total number of worldwide inbound toutistged
NationsWorld Tourism Organization 20)2The tourism industry generates more than 10% of
the European Uni ono6s Gh$employmdenfiEuropaean Commissiarb o u t
2012).In addition, countries in Europe were also dominate the top 20 places in the travel and
tourism competitiveness ranking, which measures the attractiveness of developing business in
the tourism industry, with 14 of the top 20uotries from the region (World Economic Forum

2011).
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Within the 27 EU nations, 15 European cities covering the majority of European climatic
types were selected for this study (Table 3.1), including six of them (Istanbul, Rome, Barcelona,
Athens, Vaice an Madrid) located irsouthern Mediterranean region, three (LondDublin
and Stockholm) imorthern Europe, five (Paris, AmsterdameNina, Berlin and Munich) in
westernEurope, and one (Warsaw)eastern Europe

Table 3.1European Citiesncluded inthe Study

Mean Temperature (°C) Mean Monthly Rainfall (mm)
City | Latitude Longﬂudesummer (Jun,Jul,Ay wmtgr (Dec,Jan,Fe summer (Jun, Jul, A vinter (Dec, Jan, Fe
min max | min max
stanbul | 41°N | 2858°E| 17.7 | 276 37 9.6 24.2 88.4
Rome | 4153 N| 1229°E| 174 | 216 44 135 214 8L7
Barcelona| 41.23°N| 2.10°E| 179 | 266 51 141 41 403
Southern Europ
Athens | 37.58°N| 2344°E| 199 | 326 58 134 75 57.6
Venice | 45.26°N| 122°E| 17 26.4 0 6.9 4.2 55.3
Madrid | 40.25°N| 342°W | 172 | 29.6 34 10.6 16.7 v
London | 513N | 0.7°W | 129 | 215 2.8 7.1 50.7 487
Northem Europd Dublin | 53.2°N | 6.16°W | 10.7 | 18.2 2.1 78 58.7 65
Stockholm| 59.19°N| 18.3E | 123 21 43 | -03 61 313
Eastern Europe Warsaw | 5213 °N| 21°E | 122 23 -39 14 67.8 26.2
Paris | 4851°N| 221°E | 147 | 236 3 7.6 53.6 52
Amsterdan| 52.22°N| 453E | 117 | 208 0.9 6 64.9 60.1
Westem Europg  Vienna | 48.12°N| 16.22°E| 147 | 248 | -L1 4 65.4 40.3
Berlin | 52.31°N| 1324°E| 136 23 -13 38 60.8 436
Munich | 4808°N| 11.34°E| 118 | 222 | -31 36 1232 513

Source: World Meteotogical Organization (WMO) (2013

The 15 European cities weatsochoseron the basis of being amotitge Euromonitor
| nt er nat i)tomvisited destitaRofMabking All selected cities were among the top 20
visitedcitiesin Europe. In addition, the 15 cities repres#inerse climatic zoneis Europe
including semiarid (Madrid), subtropical dry summer (Barcelona, Rome, Venice, Athens,
Turkey), humid subtropical, huchoceanic (London, Dublin, Paris, Amsterdam) and humid

continental (Stockholm, Berlin, Weaiw, Vienna, Munich) (Figure 3.1
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Figure 3.1Climate Zonsin Europe
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3.3 Index Designh and Comparison

In this study, twdourism climate indiceghe Tourism Climate Indeaf Mieczkowski
(1985)andnewly designedHoliday Climate Indexhave been applied. Daily data of air
temperatue, relative humidityprecipitation, cloud cover and wind spegere obtained to
calculate bdt indices

3.3.1 Tourism Climate Index (TCI)

Both current and projected future climatic conditions of the 15 selected European cities
wereassessed via appl i caflClLdrhe TGlfwasMesignedby o ws ki 6 s (
Mieczkowski( 1 985) as a met hod to quantitatively eve

suitabilty for general tourism activities The TCI assesses afol ocati oni¢
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tourismby grouping seven climatic variables relevant to tourism (maximum air temperature,

mean air temperature, minimum relative humidity, mean relative humidity, amount of

precipitation, hours of sunshine and average wind speed) into fiiadiobs (Table 3.2)it

Sshould be noted that in Mieczkowski o6s forri gi na
index input. Inthisstudy dai ly climatic data was used as t
comparing the tang differences between tiwo tourism cimate indicesand so that the

probability ofrating higher thaspecificthresholdscore coultibe calculatednstead of only

average conditiongn addition, hours of sunshine has been replaced by percentage of cloud

cover for the aesthetic fadetcausef data availability

Table 3.2 Components of Tourism Climate Index (TCI)

. o . Weightin
Subindex Climatic variable Influence on TCI (80) 9
Daytime . o ) )
Maximum daily air temperature (°C) | Thermal comfort when maximum tourist
Comfort Index o ] ) o o 40
(CID) Minimum daily relative humidity (%) activity occurs
Daily Comfort o .
nd Mean daily air temperature (°C) Thermal comfort over 24 hours period 10
ndex
(CIA) Mean daily relative humidity (%) including night time
Precipitation (R) Total precipitation (mm) A negative factor on overall experience 20
Sunshine (S) Total hours of sunshine (hours) A positive factor on overall experience 20
Highly depends on air temperature
] ) (evaporative cooling effect in hot
Wind (W) Average wind speed (km/h or m/s) ) - o 10
climates rated positively, while 6 wi n d
in cold climates rated negatively

Source: Adapted from Mieczkowski (1985)

The TClis calculated as follows:
TCI=2*(4CID + CIA+ 2R + 2S + W)
The Daytime Comfort Index (CID) is a combination of maximum daily temperature and

minimum daily relative humidity to assess the level of daytime climate conditions when

46



maxi mum touristsoé6 activities occur. Bdne Dai

daily temperature and mean daily relative humidity to assess the thermal comfort @4r the
hours. The highest weightgsven to the Daytime Comfort Index (CID) (40%) to reflect the fact
that tourists are most active during the day. The variablegnshine and precipitation ageren
the secod highest weigh{20% each), followed bthe Daily Comfort Index (CIA) (10%) and
wind speed (10%

As for the original TCI designaeh ofthe subindices was assignedhgghestrating
score of 5.0 to make thmaximum TCI scord00 and the minimum score-830 (when both CID
and CIA were rated a scooé-3). The rating scheme a@iCl climatic variabls areoutlinedin
Table 3.3.

Table 3.3 TClbds Rating Scheme

Rating Effective Mgah Monthly Mean Monthly Sunshine Wind Speed (km/h) Wind Chill Cooling
Temperature (°C) Precipitation (mm (hrs/day) (watts/ms/hr)
Normal | Trade WindHot Climatg

5.0 20- 26 0.0-14.9 XM N <2.88 |[12.24-19.97

4.5 ;? 15.0-29.9 9 2.88-5.75

4.0 18 30.0-449 8 5.76 - 9.03 9.04- 1222 <500
28 19.80 - 24.2

35 ;Z; 45.0-59.9 7 9.04-12.23

3.0 16 60.0-74.9 6 12.24-19.7 576-9.03 500 - 625
30 24.30 - 28.7

25 103'115 75.0-89.9 5 19.8-24.29 2.88-5.75

2.0 5-9 105.0- 104.9 4 24.30- 28.7 <288 <2.88 635 - 750
32 28.80 - 38.5.

15 03'34 105.0- 119.9 3 28.8- 38.52 2.88-5.75 750 - 875

1.0 '53'4'1 120.0- 134.9 2 5.76-9.03|  875-1000

0.5 35 135.0- 149.9 1 9.04-12.23 1000 - 1125

0.25 1125 - 1250

0.0 1;36 6 >150.0 <1 >38.52 >38.52 >12.24 >1250

-1.0 -15--11

-2.0 -20--16

-3.0 <20

Source: Mieczkowski (1985)
47

y



The index score calculated according toTikd formula was themadapted to the
classification scheme designed by Mieczkowdki85)todescribea | ocat i onds ¢l i ma
suitability for tourism (Table 3.4). There areeleecena t e g o r i e sschenme, ranfgdronT C| 0 s
Ai deailldd 090 o ABMMPYssi bl eo (

Table 3.4 Rating Categories of Tourism Climate Index (TCI)

TCI score Descriptive category
90-100 Ideal
80-89 Excellent
70-79 Very good
60- 69 Good
50-59 Acceptable
40-49 Marginal
30-39 Unfavourable
20-29 Very unfavourable
10-19 Extremely unfavourable
9--9 Impossible
-10--30 Impossible

SourceMieczkowski (1985)

3.3.2 Design of the Holiday Climate Index (HCI)
A new tourism climate index, the Holiday Climate Index (HCI) was desifpratiis
studywith the purpose of overcoming all identified deficiencies and limitatiotiseoTourism
Climate IndexThe word &édhol i dayd was c habtlseéndextvas mor e a
designed for. le UNWTO8 £012b)definition of tourism is much broadthandeisure
tourisma
Tourism is a social, cultural and economic phenomenon which entails the movement of
people to countries or places outside their usual environimepérsonal or
business/professional purposes
Th e wor d beétteradflactdhat $hé index is designegecificallyfor the outdoor

activities of leisure touristsSSimilar to the TCI, the HCI &s designed specifically for sightseeing
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and othegereral tourism activitiegh an urban destinatiod major advancement of the HCI is
that its variable teng scales and the componeveighting systeniTable3.5)were designed
based on the available literature on tourist climatic preferences that havebbemerdirom a
range of surveys over the last ten years. dtiercomes the main criticisms of the TCI that its
design wasubjective and not validated the tourist market place.

The HCI uses five climatic variableslated to theéhree facets essential to tourism:
thermal comfort (TC), aesthetic (Agnd physical (P) facethe five climaic variables used for
the HClinput are maximum air temperature and relative humidity (TC), cloud cover (A),
precipitation and wind (R)Table 35).

Table 3.5 Components of Holiday Climate Index (HCI)

Facet Climatic Variable IndexWeighting (%)
Dry-bulb Temperature (°C): Maximum Temperat(t€)
Thermal Comfort
40%
(TC) Relative Humidity (%): Mean RH
Aesthetic (A) Cloud Cover (%) 20%
_ Amount of Rain (mm) 30%
Physical (P)
Wind Speed (km/h) 10%

The HCI score is calculated according to the following formula:
HCI =T*4 + A*2 + (R*3 + W*1)
For comparability to the TCthe HCI uses the effective temperature, a combination of
air temperature and relative humidity to determine the thermal comfort. The evening

temperatures were eliminated from the HCI in consideration dfigreimplementation ratef
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air conditioning intourist accommodations in developed countries and major touristatests

in developing countriesince the time the TCl wakevelopedn the early 198QsThe maximum

daily air temperature was chosen as the variable for thermal comfort. The purpbeesihg

maximum temperature is becausedpresergthe thermal conditions during the timedzsy

when the maximum touristso6 activities happeni
A major advancement of the HCI is thatutgiablerating scales antthe weighting

componensystem were esigned based dhe available literatureanour i st so6 cl i mat i

preferenceshat have beeabtaned from a range of surveft®om the last 10 year3he survey

results used to assist designing the HCI incladet et al. (2008)Moreno (2010)Rutty and

Scott(2010)(Table 3.6) This overcomes the main criticism of the TCI that its design was

subjective and not validated on the tourist market plBEge.weightingof each variablés re-

assignednorder t o oV er c o mefsdb@dtiviysn wdighfingits coraporen.

Table 3.6 Information of Surveys Used for HCI Design

: . Market
Author Study region Sample size Target group segment
Scott et al. Canada, New | 863 (333 from Canada, 20 university youngadult
(2008) Zealand and from New Zealand, 291 students segment
Sweden from Sweden)
Moreno (2010) Belgla_n and Dutct 115 air travelers adult
airport
850 (230 from Austria, 307
Northern from Germany, 163 from : .
Ruth&iOS)cott Europgan Netherlands, 81 from l]sr':]:]\/deel';::"g/ y%ig%agrilt
countries Sweden, 89 from
Switzerland)

One of the major criticisms of the TCl is its os@mphasis on the thermal comf(see
Table 3.2 for TCI component weighting)he TCI assigns half of its weight (50%6)the thermal
comfort componeniconsisting of two separate indidethe Daytime Comfortridex(CID) and

Daily Comfort hdex(CIA), to emphasize its importance in influencing touctsinfort level.
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The overemphasi®f thethermal component will result in tldownplayof the impact obther
climatic elements on overall tourisbliday experiencesindoverlook the potentiadverriding
effectof physical facetThus, ly giving the physical facet (precipitation and winegjual weight
(40%) to the thermal comfort (40%the overridingeffectcan be achievedhen poomphysical
climatic conditions occur (e.g. raor wind storm) as a sufficient weighting in physical facet can
ensurea high HCI score cannot laehievedvhen the physical component rating is ldworder
to capture the oveiding effectwhen the physical facét so poor, it overwhelms even pleasant
thermal and aesthetic conditions (e.g. during rain storm of very high wihdgrecipitation and
wind rating schemes decline rapidly and have sufficient weighting in the thdea high HCI
score cannot be achieved with low physical facet score.

Each climatic variable is rated on a scale of 0 to 10, and the overall HCI index store is
to 100(Table 37). The HCI uses the samescriptivecategory scheme as the TCI (TaBl4).

Table37HCI1 6 s Rating Scheme

Rating Effective Daily Precipitation| Daily Cloud Wind Speed
Temperature (°C) (mm) Cover (%) (km/h)
10 23-25 0 11-20 1-9
9 20-22 <3 1-10 10- 19
26 21-30
8 27-28 3-5 0 0
31-40 20 - 29
7 18-19 41-50
29 - 30
6 15-17 51 - 60 30-39
31-32
5 11-14 6-8 61-70
33-34
4 7-10 71- 80
35- 36
3 0-6 81 - 90 40 - 49
2 ©--1 9-12 >90
37 - 39
1 <-5
0 >39 >12 50- 70
-1 >25
-10 >70
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The HCI uses daily climatic data for its aalition in order to overcomteT Cl 0 s
identified deficienciesf low temporal scaland allow probability calculations for threshold
conditions instead of only average ratinigsconsideration of the time when the TCI was
designed, the reason of adopting monthlgrage datavasprobablybecause the lack of
international daily datarhis use of daily resolution data as important for all variables, but
especiallyof precipitation, as tourists not only want to know the amount of rain in a given month
of a placeit is also critical for tourists to know the occurrence and intense of thelitae use of
daily climatic data in the index can provide this information. Thus, the HCI was designed to use
daily climatic data and estimate both average monthly index ratings as well as |grebaibi
specificrating categorieévery high or low sca).

In summary, threenaindeficiencieghathave been identifiedhithe TCI by the past
studies (de Freitast al 2004,2008,Scott,et al 2004, Amelung and Viner 2006, Frarajzadeh
and Matzarakis 2009, Moreno and Amelung 2009, RBiielsen,et al 2010 have been
addressed ithe HCldesign including (1) overconcentrating on thermal comfa®mponent
with no overriding effects were taking into considerati@) subjectivity onindexvariable
weighting andvariablerating systerg (3) low temporascale A summay of the HCI's three
main areas of improvementan be seen in T&38. Although the HCI waslesignedo
overcome the subjectivity of the TCI, its assigned weightings are subjective to some extent as the
weighting of each climatic variable wassignedased on the ranking of relative importance of
tourist preferences of climatic variable, and the aqgigatentage was assigned by the autimor.
considering of this limitation on the HCI design, the HCI is more objective than the TCI in terms
of component weighting and rating system, but is subjective to some extent on the actual
percentage assigned to e@cmponent weighting.
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Table 38 Designimprovement®f HCI over TCI

Main Areas of Improvements Limitations of TCI HCI

Subjectve: weightings were Evidencebased weighting of each
assigned based dimited (non varialde isassigned based on touris
tourism)availableliterature and ratings ofrelative importance of
expert opinion each variable

Index Variable Weightings | No overriding effectweighting of | Overriding effectassigninghysical

(Overriding Effeck physical facet is too low (30% in | facetan equal weigh{40%)to

total), so that a physically thermalfacet

impossible day for tourism can st
be rated as acceptable, good, ev
very good

Evidencebased results of tourist
climatic preferencesf eachvariable
were obtained fordesigning the
rating scheme. Surveys used inclug
Scott et al. 2008, Wth 2009, Rutty
and Scott 2009, Moreno 2010
Overriding effectratings of physical
facet (rain and wind) decline rapidly
when conditions are pooandcan
dominateoverall rating scores

Subjectve: variable rating is base
on physiological resear@nd
limited (nontourism)available
literature

Variable Rating Schemes | No overriding effectrating
scheme of physical facdbes not
adequatelyreflecthow poor
physical caditions can dominate
(e.g. storm or high wind/rain)

Higher temporal resolution:ally
climatic datais usedso that
probability of specific conditions
along with average conditiorean
be calculated

Low temporakesolution mean
monthly data is used, only averse
climatic conditions can be
reported

Temporal Scale

3.3.3 Variable Rating Comparison between TCI and HCI
Although both HCI and TCI requithe same climatic variableg® assesthe climatic

suitability of a destinatiorfior tourism the rating schemef eachclimatic variablas different

between théwo indices TheHCI rating schemeavas designed based on toustited

preferences of specific climatic conditions from the available studtgsh is the major

advancement @rthe TCJandai ms t o over come tekpertbasedbatimgct i vi t
In both TCI and HCI calculatian fiveclimatic variables (air temperature, relative

humidity, cloud cover, precipitation and wind) are used to repteéseeeclimatic faces
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(thermal, aesthetic and physical). In the original published paper of Mieczkowski (1985), the TCI
uses a scale dfto 5 to rate each of ittbmponents, including Daytime Comfort Index (CID),
Daily Comfort Index (CIA), precipitation (R), sunshiff®) and wind (W)Because the entire
TClI score is multiplied by twat thelast stage (see equation on p,&ffectively ech
component is rated out tén The HCI was designed to uaéenpoint scaldor each ofits five
climatic variablesin thissection for the purpose of comparing theting differences$or each
climatic variablebetween the two indices terms ofdifferences in score position cdting
scalesthe TCI rating scales were standardized frorap@ibt scale to a Xfoint scale foeach
variable rating system by multiplyingting score of each rating score catedoyywo (as they
are done at the last stage of TCI calculations)

In thethermal facet, both HCI and TQke effective temperature (ET) tlzansists of air
temperature and relative humiditty measuréhethermal comfort for general tourism activities
in an urbardestination By comparing the thermal rating of two indices, it can be feem
Table 39 thatmajor rating differences appearcategories of extreme hot (%) and extreme
cold (<5°C); for the restemperatue categories, ratings of tiwo indices ardairly consistent
When effective temperaturehggher than 32C, the HCI assigns double tour times the scores
of the TCl.Based on stated tourist preferences, the HCI ratings for the thermariacebre
reflective of touristds prefer eslhowageattror t he
tolerance for hotemperatureThe rating difference at the hot end couldy@amajor role when
exploringtopics such awhether climatic conditions of a destinati@ng. cities in the
Mediterranean regionpay becomeétoo hobunder climate changes the TCI ratings could lead

to a result that t he eral®uyistactivitiesbhyygivihgdowatingo hot 06
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scoresFurthermore, the TCI assigns a broader ideal temperatw27/2) range than the HCI
(23-25°C).

What causes thecore differencen the thermal comfoffacetbetween the twandices is
how the variable scale was assignéghould be noted that the HCI rating scale was designed
according to tourist stated preferences of the thermal cofrdantobtained surveyshereas the
TCl rating categories are based only on available literature.

Table 39 Comparison oRating Systemfor the Thermal Facet

TCI HCI
Rating Effective Effective Rating
Temperature (°C) | Temperature (°C)

>39 0
0 >36 37-39 2
L 35 35-36 4
2 34
3 33 33-34 5
4 32
> o 31-32 6
6 30
7 29 29- 30 7
8 28 27-28 8
9 27 26 9
10 20- 26 23-25 10
9 19 20- 22 9
8 18 18- 19 7
’ 17 15- 17 6
6 16
5 10- 15 11-14 5
4 5-9 7-10 4
3 0-4 0-6 3
2 -5--1 -5--1 2
0] -10- -6
-2 -15--11 <.5 1
-1 -20--16
-6 <-20

In the rating of the aesthetic facet, the TCI uses hours of sunshine as variable input and

percentage of cloud cover is used in the HCI rating schientieis study, cloud cover is used as
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data input for the aesthetic facet of bottiaesbecause hours of sunshine is not widely available

as a daily variabldt should be noted that twoain differences in ratingsgainoccur in the

highest and lowest rating of cloud cover. The TCI gives the highest scoredalthsunshine

hoursat more than 10 houysnd rating scores become higher with the iaseeof sunshine hours
(Table 310). The highest rating score of the H&dsthetic scheme reflects tourist preferences
obtainedfrom surveysthatindicates mosttourists preferat2 0 % cl oud cover as
aesthetic experience insteadcompletelya clearbluesky. For the lowest rating of the aesthetic
facet, the TCl ssigns a score of O taily sunshine hours less thanehour, whereas the survey
resultsused forthe HCI ratingshow thaB0% of respondents statexven all cloud cover

conditions are suitable for urban holidaybus noO score is assigned in the H&ale.

Table 310 Comparison of Rating Systexfor Aesthetic Facet

Rating .TCI HC| Rating
Sunshine (hrs/day]) Cloud Cover (%)
10 >10 11-20 10
1-10
9 o 21 - 30 9
0
8 8 31-40 8
7 7 41-50 7
6 6 51-60 6
5 5 61- 70 5
4 4 71-80 4
3 3 81-90 3
2 2 90-99 2
1 1 100 1
0 <1 0

In therating of precipitationthe TCI and HCshowmajor differencein ratingcertain
amounts of precipitatiorin the original paper, mean monthly amount of precipitatsousedor

TCI rating scheme. In this studwr the purpose of comparing the ratmajf two indices, the
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monthly amount is converted to daily amount by dividing each rating category Hi80s a
limitation of using monthly data, as it is unknown if the riaievenly distributed across the
months (frequent light rain) or concentrated in short, intense events that touristadieb
adapt toln this study, amount of precipitation was used instead of hours of precipitation used in
the original TCI calculgon because the availability of climatic data from available sources.
Exceptthe assigned score for the lowastount of daily precipitatio(0-0.49mm) theHCI
assigns higher scofer all othe amounts up to >25mm (Table 3)1In therating of daily
precipitation less than 3mm, the HCI gives a sobr@ whereas the TCI assigesore ranging
from 5 to 9. The biggest rating diffexee occursvhen daily precipitation ranges fromt@5mm
The HCI gives a score of 8 aany daily rain amount within ¢hrange of 30 5mm; e TCI, on
the other hand, assigasnuch lower score as orilyto 4score was given to the sarmbaily

amount.

Furthermore,iie TCI considerany amount of daily precipitation highttran 5mm as the
most unfavoral@ condition for urbanourismactivitiesand a score of 0 is giveRlowevera
score of 5 imssigned by the HCI to daily rain amount of 6 to 8mm. Only wiadg dmount of
precipitation ismore than 12mrmis a score of @s given by the HCI. The reasdar the
differences in assigned rating scores for each precipitation amount is béheabi€sl assigns
rating scores based on tourist climatic preferences obtained from avaiamdgs whereas the
TCI designedts rating scheme only based on expert knogdeBY objectively designing rating
categories of climatic varialdethe HCI ratingare more reflective of real impact of precipitation

on overall tourist holiday experience because it takesimgnsity into consideration.
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Table 3.1 Comparison oRating Systemmfor Precipitation

Rating TCI HCI
Daily Precipitation (mm)Daily Precipitation (mm) Rating

10 0.00 - 0.49 0.00 10
9 0.50- 0.99
8 1.00-1.49

7 1.50-1.99 <3.00 9
6 2.00 - 2.49
5 2.50-2.99
4 3.00 - 3.49

3 3.50-3.99 3.00- 5.00 8
2 4.00 - 4.49
1 4.50 - 4.99

0 >5.00 6.00 - 8.00 5

9.00 - 12.00 2

>12.00 0

>25.00 -1

For wind, the TCI includefour separateatingsystemsincluding normal, trade wind,
hot climate andvind chill system to ratevind speedThe rationale of developing fouating
systems for windor the TClis thatthe effects of wind on tourisbmfort level change with
temperatureThe fourwind schemes are used separatehdifferent temperature rangesh&
normal system is used when mean daily maximum temperature is betw2é4iClhetrade
wind system is ued when there is a high temperature of324C; when temperature is higher
than 33C, the hot climate system is adopted,; ia #ituation of a wind chill in which
temperature is lower than 4G and wind speed is faster than 8km/h,\thied chill rating sysem
is used.In contrast, the HCI uses one rating system for wind because tourists did not distinguish
the differential impact of wind on thermal comfort, but ratleeused on its physicahpact (e.qg.
blowing clothing and hair, disrupting outdoor dining and markets, blowing sand and other

particles).
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When comparing the rating scale#fswind between the TCI and HClpne of the four

systems of the €l has similar rating with the €l ratingsystem(Table 3.2). Similar to the

other climatic variables included in the indéxe HCI uses the tourist stated preferences of

climatic varialbes from theavailablesurveysincluding Scott et al. (2008) and Rutty and Scott

(2010) to develop theating categories fovind speedin contrast to teevidencebasedatings,

t he

TCIl 6s

tourism biometeorologiterature.

Table 3.2 Comparison of Rating Systenfior Wind

f o were developed based mmhores £xpert views aravailablenorn

TCI HCI
Rating Normal Trade Wind Hot Climate \/(\ngo(éhg LEE::;E Wind Speed Rating
15 - 24°C)(km/h)| (24 - 33°C )(km/h)  (>33°C)(km/h km/h
( )( )| ( ) ) B¢ )( ) (watts/ms/hn) ( )
10 <2.88 12.24 - 19.79 1-9 10
9 2.88-5.75 10-19 9
9.04-12.23 0
8 5.76- 9.03 19.80 - 24.29 <500 20- 29 8
! 9.04-12.23 !
5.76 - 9.03
6 12.24 - 19.79 24.30 - 28.79 500- 625 80-39 6
5 19.8. 24.99 2.88-5.75 5
<2.88
4 24.30 - 28.79 28.80 - 38.52 <2.88 635- 750 4
3 088 38,52 2.88-5.75 750 - 875 40- 49 3
2 5.76 - 9.03 875 - 1000 2
1 9.04-12.23 1000 - 1125 1
0.5 1125 - 1250 0.5
0 >38.52 >38.52 >12.24 >1250 50- 70 0
) )
-4 -4
-6 -6
-10 >70 -10
3.4 Data

The datasefior present climat¢1961-1990) and future climate change scenanese

obtained from the ElJunded ENSEMBLES® r 0] ect
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produce probabiligt climate projections for Europe to help researchers, decision makers,
businesses and the public with climate information of the latest climate modelling and analysis
tools (ENSEMBLES 2009). It also aims to develop an ensemble climate forecast systbm whic
can be used across a range of timescales and
Programme Priority 1.1.6.3: GI citemtiond@@theange and
scope andoverage for (all western Europe) and characteristics (dadyfdamultiple variables)
of the data necessary for this thesis, data offered by the ENSEMBLES project were most
appropriate to fulfill the requirements of this research. Another importantréaschoosing
ENSEMBLESdatais because it is one of the beggdownscaledtlimate changéatasets
available, and is used by a wide range of climate change studies in Europe. It is currently the
standard for climate change scenarios for impact studies in western Europe.
TheResearch Theme 2B (RT2B)one of t he ENSEMBLE projecto
Research Themes (RTa)dwasusedfor this study. The purpose of the RT2B is to:
Aconstruct presolbtiantragibnal €limate scemarigs lusing dynamical and
statistical downscaling methods to addue to the model output from RT1 and RT2A and to
exploit the full potential of the Regional Cl
(ENSEMBLES 2009, p.5).
Fortheclimate change analysis, tdobal Climate Model (GCMECHAMS is
combined with Regional IEnate Models (RCMs) to generate lyatlimate data in four time
periods the 1970s (1961990); 2020s (203Q030); 2050s (2042069);and 2080s (2070
2099). TheRCMsusea 25 km horizontal gridength resolubn thatcovers all ofeurope (Table

3.13). This is one of thenajor improvements of this study on previous studies that examined the
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climate change impacts as high resolution RCM based scenarios were used instead-of course
scale GCMs which better reflect local physiology (e.g. elevation, bodies of water).

Table 3.B Model Chosen for Present Analysis

Scenario RCM Driving GCM  Acronym  Inditute Resolution
ICTP
Al1B RegCM ECHAMS REGCM ICTP 25km

The IPCC developed four major emission scenarios families: the Al, A2, B1 and B2
family to describe the relationship between the forces driving emissions and their evolution and
to evaluateclimatic and environmental consequences of alternative future GHG ensig§?CC
20073 (Table 3.%1). The IPCC SRES (Special Report on Emissions Scenarios) A1B scenario
was adopted for climate change analysis in this th€ss A1B scenario belongs tioe Al
storyline and scenario famityhich results in the warmest scenaribBe Al storyline describes
a future world of very rapid economic growth, global population peaks ircentury and
declines afterwards, as well as the rapid introduction of melnn@ore efficiat technologies
(IPCC 2007a Three groups are included in the Al family, the A1FI, A1T and A1B, which are
distinguished by their technological emphasis. The A1B assumes balanced energy consumption
across all sources where no one particergrgy source is relied too heavily, and a similar
improvement rates apply to all energy supply andwseltechnologies. The reason of choosing

the A1B scenario is becausigls the most consistent with observed emissions through ta 2012
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Table 3.8 Summary of Intergovernmental Panel on Climate Change (IPZDDY3 Scenario

Storyline/Scenario Fami

y Description

Al

Represents a future of rapid economic growth, with global poplucation peaking midce
and the rapid introduction of new and more efficient technologies. Subdivided into th
groups based on their primary technological emphasis: fossil intensive (A1FI), non-1

intensive (A1T), and balanced (A1B).

A2

Based on regionally oriented economic development in which both per capita econg
growth and technological change are slower and more fragmented than in other story|
but in which global population continues to increase

Bl

Recognizes the same midcentury peak in global population as the Al storyline but ba
a far more resource-efficient, service/information-oriented economy, and on a world
which economic, social and environmental sustainability are emphasized at a global

B2

A locally/regionally oriented storyline that is based on a continuously increasing glg
population (but at a rate lower than A2), intermediate levels of economic developmen
less rapid and more diverse technological change than B1 or Al.

3.5 Chapter Summary

In summary, a new tourism climate index, the Holiday Climatiexwas designed and

its component anstructurewerecompared with th&@ourismClimate Indexto demonstrate how

the newlydesigned HCI is morealid for assessinghe climate suitabilityfor tourismin urban

destinationsBoth current and future climate suitability of the selected European ciipatésts

will be assessedsingthe TCl and HCI.The resultsand anyrating difference between the HCI

and TCI are presented in the next chapter.
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Chapter 4

Resul ts

4.1 Introduction

The resultandcomparison ofheratings of the TCl andHCI are presented ifour
sectionsThe firstsection describasoth TCI andHCI ratings of the sekted 15 European
destinationsThe nmeanmonthlyscore, seasonal score difference aadsonal probabilitgf
0 s u i toaditibneate presentefbr the 19611990 periodThe diseission is organized by
region results for theorthern, western, eastern Europere presented first, followed by the
southern Europ&he second section compatesth TCl and HCI scores wittecentvisitation
data tocomparehe climate ratings with amdication of tourism demandhethird section
presents the differensdetween the TCI andC in rating of specific climatic conditior(g.g.
heavy rain¥or the threeclimatic facetsthermal, aesthetic and physic&ection four showthe
projectedfuture climaticratingsfor tourism in theselected destinatiomated by both TCI and
HCI.
4.2 TCl and HCI Ratings of Current Climatic Conditions (1961-1990) for Tourism

Current climatic conditions (1961990) of the 15 Europearity destinations were rated
using bothTCl andHCI. The climatic coniions are assessed using two variables: mean
monthly index scoreral seasonal probability 6f s u i toaditibne Thedsuitabléconditions
are defined amatings of 49 and higher favinter, spring and fall months (as scores in these
seasons are relatively lower than scores in summer monthsgtargs of59 and higher for
summer monthsThe seasons are defined as spring (March, April and May), summer (June, July
and August), fall $eptember, October and November), winter (December, January and

February).
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4.2.1 Mean Monthly and Seasonal Ratings
4.2.1.1 Northern, Western and Eastern Europe

All selected destinations lo@at innorthern, western and eastern Eur@pendon, Paris,
Dublin, Amsterdam, Vienna, Berlin, Stockholm, Warsaw and Murtice)lv e a O s ummer
climate distribution(seeFigure2.1for six conceptual tourism climate distributiomghenrated
by the TCI(Figure 4.1) This means that summer mon{dsne, July and Augustavethe most
suitable climate fourbantourism The simmermonths inall destination$ave aTrCl score of
55-70, which are inthe categories aimarginab  {49), Gacceptablé(50-59) anddyood (60-69)
for urban tourisn{see Table 3.4 for TCI rating categorieBhe ratings showhatsummer
months in allselected northern, western and easteuropean city destinations a@table for
urban tourismThe summemonths in Vienna haviae best climateonditionsfor urbantourism
(June=69, July=72, August=68hereadDublin has the lowest TCI scaa&é summemonths
(June=55, July=59, August=5@jigure 4.1)

In wintermonths(December, January and Februatlge TCI scores show thatl
selected northern, western and easEuropean destinatiohave a score of below 4and all
destinations are in the score range o8ZAvhich means wintenonths in these regions are

ounf av@x3@)bi edvery ([@K2D)orudantlrismeadtivities.
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Figure 4.1Monthly TCI Values of Northern, Western and Eastern Europe

100

90

80

—3— London

70 Paris

~¢&— Dublin

[=2]
(=]

==#-- Amsterdam

—x— Vienna

TCI Value

I
(=]

Berlin

Stockholm

W
o

Warsaw

[
[==]

—=— Munich

=
(==}

[a=]

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Similar to the TCI ratings, all selectedy destinations located imorthern, western and
eastern Europe (London, Paris, Dublin, Amsterdam, Vienna, Berlin, Stockholm, Warsaw and
Munichyhave @ s ummer peak 6 ovhdanmatedtbythedHC(Eigureid.B.Int i o n
summer, whetthe highest HCI scores ocquall destinations in theeregions have a score range
of6577 whi ch is i n t he 90atteg OWg8)sIhrogfhauddapo o d 6
months of the year, the HCI scoa® above 5h theseregiors, indicating that climate
conditions are@suitabléfor urban tourism irall four seasons.

The HCI scores indicate that climatic conditionswiriter months in these regiomse not
anfavorabléto overy unfavorabléasthe TCI ratingsAll selectedhorthern, western and eastern
Europeardestinations havecores higher tha#b (ranges from 48 to 53In this case, winter

climateisd mar gi 4P toda q & & P50-E0)fdr @kian tourism.
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Figure 4.2 Monthly HCI Values of Northern, Western and Eastern Europe
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By comparing the HCI and TCI monthly scerd the selected northern, western and
eastern European city destinations, it can be seen from FiQuiteadratingdifferences between
the two indices are more prominemtwinter monthsand that the HCI rates the climate for

tourism higher in all of those destinations
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Figure 4.3Rating Comparison of Current Climatic Conditions (148D0) for Tourism betwaeTCI (blue) and HCI (red) for

Northern, Western andaStern European city destinations
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4.2.1.2 Southern Europe

In southern Europemostdestinationslsoh a v e ae r6 spakmeate distribution
while Madrid, Rome and Athens havé & i mo d aerp esalisidbdtiah wherrated by he
TCI (Figure 4.4. Summer climatic conditions of the southern Europessticiations are better
than those located morthern, western and eastern Europegions as the TCrateshalf of the
destinationsn the region(Istanbul,Barcelona and Veni¢én the score range &4-90in
summerné e x ¢ @ 838X it d: O&1DGY Climate conditions ilRome Athensand Madrid
showadifferent distributiona &6 b i-smtoadwall der peak d dasdClscordsut i on
late spring (May) and early fall (Segmnber) & higher tharscores othe summer months
Madrid has the most pronounced difference, with the best climatic conditions in March and
November Summer is the least suitable time climatically to visit Madrid, when it has an
unacceptabl ed cl i matlecortrastt@orthemcvestern ahd eagternt o t h e
Europe, winter in tb southern Europeaitiesisonlyd mar gi ®Htoda ¢ A P50-%0p | e 6
for urban tourisnwhen rated by the TCI

Figure 4.4Monthly TCI Values of Southern Europe
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Similar to the TCI ratings afouthern Europn city destinationsnostdestinations
(Istanbul, Rome, Barcelona and Venibepa v e a 06 s ummile AthenspaedaViadiid have a
Obi mepdaul der peakdé cl i mat e d(Figutend.) Istanbul,on when
Barcelona and Venice haveédas u mme rclimpte diskildution witttk n. 6 e x (8089)l ent 6
summer climateAn earlyGsummer peakdistributioncan be seen in Romwith the highest HCI
rating score (86) in Jun€ompared to other destinations in the region, the HCI scores show a
Obodats houl der p e a KRthengdandsMadrigindicating that spiin@varch, April
and May)and fallmonths(September, October ainbvembey are more suitable than summer
in these destinatiorfer urban tourism activities

Different from the TCratings of winter climate in the southern Eurdipatrate winter
cli mate as -4@ma rtgi ndaal ed0)dbedH®l bebresdndidate that climatic
conditions of winter months in the region @seceptablé(50-59) todyood(60-69) in all six
selected destinations.

Figure 4.5Monthly HCI Values of Southern Europe
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The rating differences between the HCI and iiGhe southern European city
destinations are more prominent in winter, and the score gap is narrower during summer months
for all selected destinations except Madrid (Fegdrg. The score differences summer months
of Istanbul, Rome, Barcelona, Athesisd Verce are less than 10 which indicate thatmajor
difference inratingcategory occurs when rated by both indi¢esontrastscore differences
between the TCI and HCI in rating winter climate conditions are more prominent as score
differences arenore than 10

Seasonally, winter has the wider rating difference between the two indices for all 15
European city destinations, while the rating difference is smaller in summer months with the
exception of Madrid (Table 4.1 and 4.®hen comparinghe seasonal differences between the
TCl and HCI rating of the selected 15 European destinations, it is evident that the colder the
season, the wider the gap between the ratings of the two indicgsr has the widest rating
difference and the gap becemthe narrowest in summer, suggesting the way the thermal

comfort facet is rated and weighted in the index is the primary difference in the index results.
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Figure 4.6Rating Comparison of Current Climatic Conditions (148D0) for Tourism betwaeTClI (blue) and HCI (red) for
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Table 4.1TCI and HCI Ratingscorefor Winter Months

Verice

—
=

Idey | Season ,
Mo Pars
Dec 3
TC1 | inter | Jan 4
Fel 3
Dec F)
HCI { Winker | Jan il
Fel R

o
i
b

= |&E =

=

<>
~>

%
3
3

e | Season ,
Month P
In !
01 Summeq Jul ]
Aug i)
In I
HCl | Summeq Jul [
Aug 3

Ideal (90100)

Excellent (8689)

Very good (7€/9)

Good (6669)
Acceptable (569)
Marginal (4649)
Unfavorable (3€89)
Very unfavorable (2@9)
Extremely unfavorable (£09)
Impossible (9 -9)
Impossible {10 - -20)




422Seasonal Pr ob abidbClimatg CandlitioasSui t abl e
In this section, seasonal probabilitydstiitabléclimate conditions refers to how likely
the Gsuitabléclimate conditions (index scores higher than 49 for summer months and scores
higher than 59 for winter, spring and fall months) will hapdédre seasonal probability was
obtained by calculating how many times daily index scores igstliablécategoris appeared
from 1961 to 1990 for the selected 15 European urban city destinaions. s uwdi tcd fiotnea t e
urban tourisms defineddifferently for different seasons this study Climate conditions in any
given day with a score higherthan49a@are nsi der ed 0 s wourism dctiviie§e.of or ger
sightseeing and shoppinig)winter, spring and fall monthess scores in these seasons are
relatively lower than scores in summer monffss includsr at i ng categories of
5059 yg00@®9)60 OV eFr7yd)g 0 00dedx-8(67)0 an td 6-100Q)ehBsacked ( 9 0
in these seasons are relatively lower than score in summer mddiig)climate conditions
with a score higher than e considered s ui t abl e & c | ithsarcleding ratings u mme r
categories66jf, 60goved)E6 60dedix-860NHN0 antddi))geeal 6 (90
Table 3.4 in Chapter 3 for full rating schesred the TCI andhe HCI).
In thewinter months (December, January and Febru#rgprobability of experiencing
a O6sui t a@49pod ang divenmdaytureder the TCl and HEésubstantiallydifferent, in
particular inthennorthern, western and eastern Europegions The TClratings show ta
probabilityofe x per i encing 6suitabledé climatic conditi
activities in the selected northern, western and eastern Europgaeddiinaibons is less than 15%
(Table 4.3. In Berlin, Stockholm and Warsaw, the probability is too lo®2gX to conduct any
tourism activty in urban environmentvhich is clearly not the caséhe HCI ratings, in contrast
indicate thatvinter months in northern, western and eastern Euromegaonr arenoresuitable
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for urbanleisure trips, athere isa highprobability (50-77%)o0 f

having

a

winter months ofmost cities (London, Paris, Dublin, Amsterdam, Vienna, Berlin and Munich).

For the selected southern European city destinations, the differerthepinbability of

experiencing

differencedn the northern, western and eastern Eurdpe. TCI ratings show that all selected
southern European destinations, except Madrid, have6a 226
climate for urban tourism (Table 4.Barcelona is the only city that has a®0% probability in

winter monthsandall other cities have a 230% probability. The HCI ratings are higher than

60 s ui betwedn¢hé TCt dnd HEketsmaller thatheé i t | on s

the TCl, witha 782%p r obabi |l ity

Table 4.3Ses o n a |

Pr obabi |6(>09Clirhaonditions oVSintar KManths e

of

have

probability

a

of

Oistheregmb | e 6 c |

1970
e | e Month | London | Pans | Dublin fmsteraan Viemna | Berin (Stocknolm Warsaw | Munich | Istanbul | Rome (Barcelong Athens | Venie | Madid
Dc| 3 [ 6 [ 2 | 2 | 5 | L0 [0 | 7T |86 |® 6] 8] 3%]%
O (Wner| Jm| 2 [ 2L L2 L0 [0 4& 0|9 |0 8|5 ]|%
Feb | 8 | M | 6| 8 |8 42 LR N] %] 9
Dec | B [ B | W | 0| B[ B|% |60 B %[ U] O] H]|W
HOL | Winter| Jan | 70 | 68 | 70 | 6 | 6 | 2 [ %[ % | 2| H|®B]2]0| 8]0
o O O O O O A /A O O O O I
The differenceinhepr obabi |l ity of experi enEi9omy

any given dayor urban tourismn summer months (June, July and Augustiler the TCI and

HCI aresmaller compared to the difference in winter months, with-4@®® probability

difference on average (Table %1.All selected northern, western and easteuropean cities,

except Viennaghave a 33%8% probability in summesfe x per i enci ng

conditions for tourisnwhen rated by the TCVienna is thecity thathas the highest probability

(737 9 %)

of

having

a

Osuitabl ed
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ratings irdicatehigher probabilieswitha739 2 % pr obabi l ity of experien
conditions in northern, western and easteuropean summer.

In the selected southern European city destinations, with the exception of Maelrid,
probabilitydifferences between the TCI and HCI are very low (<10%) (Table 4.6). Both TCI and
HCI ratings indicate that there is a-98% probabilly of experi encing O6suita
conditions in summer months. Athens is the only city which has a 79% probability in July and
August when rated by the TCI. In Madrid, the TCI ratings show that there is almost 0%
probability of htaferiunban toarismiestviieshctbdoes dot fit with ma
observed summer tourism patterneeTHCI ratings indicate that a-B3% probabilityof
Guitabléclimate can bexpected for sightseeing tourists.

Table 4.4Sea s o n a | Pr obabi 6(3®58)Climatéconditons ins@numertManths e

1970s
Month | London | Pas | Dublin msterdan| Vienna | Berin (Stockholm Warsaw | Munich | Istanbul | Rome: |Barcelong Athens | Venice | Madrid
N O I O T IO O IO A
TO [Stmmen ol | 6L | 6 | 4 | S | O | 6 [ 606 | BB | BB T]O
T T O O A O A /2 O O O I
T O 2 O O T O O O
HOL [Stmmet ol | 80 | & | & | 8 | 2 | 8 [ & [ & WD | B|B|IT|IT|N
Mg 9| B (09|88 & [ B|IT|T]T|%]| UL

Index | Season

In thespring months (Mrch, April and May), thdifferences in probabilitybetween the
TCl and HCI arestill prominentin northern, western andstarn European region (Table ¥.B
March and April, a | ow probabilityy>49wads0 %) of
rated by the TCIMay has a higher probability (463%) which means May is the only months in
spring that has &uitabléclimate for urban tourism. In contragthe HCI ratings show that all
three months in spring adsuitabléfor urban tourism activities, as nearly all selected cities in
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the regions have mothan 70% probabilityThe only exception is March in Stockholm, where a

61% probability was rated lifre HCI.

For the selected southern European city destinations, there is a small probability

difference (<20%) between the TCI and HCIgs in April and May (Table 4)5SMarch,on the

other hand, has a biggerobability difference (286%)between the Tl and HCI

Table45Seasonal Probability (%) of oO6Suitabl ebd
19705
Index. | Season , - : : - . .
Month | London | Pans | Dublin Amsterdary Viena | Berin |Stockholr Warsaw | Munich | Istanbul | Rome | Bavcelong Athens | Venice | Madrd
Mo | 16 | 2 | 0 |66 [ L8| 96| & B[ n|6d]| 8| W0
TO (Sping| Apr | 3L | 5 | 0| % | & | % |0 [ B| B[00 8| & ]| 6| U
Moy | % | 9 | & | % [ 3| 67| 60 | 6 | 4[| &AL % | B | 6
O O O O I O I O I A O
HO(Sprng| Apr | 83 | & | & | % | % | & | N | BB 06| U|T|H|WN
My | 8 (& [ & [ & | 9| B |0 |2 % %] %] B D]

In thefall months (September, October and November), probability diffesdmeteveen

the TCl and HCI arerominent in the selected northern, western and eastern European city

destinations, but not in the selected southern European cities.ffigmerdie is significant in all

three months in fallin particular inOctober and November (Table %.Bccording b the TCI

ratings, September is a suitable month to visit for sightseeing tourialissetected northern,

western and eastern European cities, with the exception of London, havié&%5tobability of

havi ng

O0sui t abl (248)focurbe moarisnelLordannsdhie only oity ie the

regions that has a | ow probability (37%) of

rated by the TCI. In October and November, the TCI probability suggests that urban tourists

should avoid traveling i©October and Novembeas a low probability (<50%) of experiencing

6suitabled conditions
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any urban tourism activity. In comparison to the TCI ratings of probability in fall months in

northern, western and eastern European region, the HCI ratings shopndafeeent rating All

fall mont hs have a high probability (>70%) of

the region

Table46Seasonal Probability (%) of oO6Suitabled (>
19705

Index | Season

Month | London | Pans | Dublin Amsterdary Viena | Berin |Stockholr Warsaw | Munich | Istanbul | Rome | Bavcelong Athens | Venice | Madrd
N R T A I O T A V2 T O I O/
O ROt | 7 (8202|030 8| 4|70 8| 8|88
N | 0 [ 2| 4 6 85| 1 [ 3 | 8B ]% | %[ ®|6Q 48 |9%
N N A I O I O O T IO O
HOL LRl | Ot | 8 | 4 | & | & [ 9 | & [ 8 [ 8| | Q| & B % ]| &0
Nv | B H | T [ B |08 |6 B0 & |80 22 8]0

4.3 Comparison of the HCI and TCI with the Tourist Demand Indicator
This section aimg compare ratings of the TCI and HCI with visitation dédaprovide
some additionalnsight into their relative ability to consumer decisions of destinaltios.
recognized that climate is far from the only determinant of tourist travel decisions and that other
motivation andpushpull6factors could overcome poor climatic conditioNgvertheless, it is
helpful to comparactualvisitation patterns to climatic ratings to better understhadélative
meritsof the two indices.
Boththe TCIl and HCI mean monthly scores were compared withthly tourist arrivals
from the only citydestination such information was available (fdaris) Monthly arrivals of
leisure tourists in one of the northern, westand eastern European cities weoenpared with

both the TCI and HCI ratingasresults of rating score comparison intsat 4.2 showed that
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the rating differences amore prominent in northern, western and eastern European region than
southern Europen particular during winter montlef the regions
Figure 4.7 shows the comparison of mean monthly numbers of leisitoes/fsom 2000
to 2010 who stayed overnights in Parisian hotels and mean monthly TCI and HClo$¢tmes
The seasonal variation #isurearrivals in Paris showed a similar summer peak trend with both
TCl and HCI ratings foclimatic conditions in Pas. Major differences in rating climate
suitability for urban tourism between the TCIl and HCI occur in winter m@btbsembey
JanuaryandFebruary in the northern, western and eastern European regions in which the TCI
rated winter cimateaSunsui tabled (<40) for general touri
showed that <climate conditions in wind9er mont
for urban tourismThe mean monthly leisure tourist arrivals show thaird) winter nonths in
which a very lowtourismseason is expectetthe numbe of leisure tourists was higand
maintained a steady number of higher than 1,000,000 2@00 to 2010This implies that
climate conditions in the traditional low tourist seasbnorthern western and eastern European
region in particular during winter monthsouldstill be considered a®cceptablé feisure
tourists.By comparinghe rating scores of both indices against the leisure tourist arrivals in
Parisian winterthe HCI ratings are momeflective of visitation trenavith respect tahe
suitability of climage conditions for urban tourism as numbers of tourist arrivals in winter months

indicateclimate of low season Guitabléand preferred by leisure touriststhe regions.
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Figure 47 Comparison oMonthly Leisure Tourist Overnights in Parisian tdls from 2000 to
2010 andMonthly TCI and HCI Scores
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4.4 TCl and HCI Rating Differences of Three Specific Conditions

This section presents the resultsTafl and HCI rating differences fdfustrative
climatic conditions (e.g. days with cold/hot temperature, heany nggh speed wind etc.) to
demonstrate how thieermal aesthetic and physical facets congpander marginal conditions
The purpose ofomparing the rating differences in each climate facet ukirstyative
conditionsis to showtheeffects of different index construction (ergting scales and weighting
componenton overall rating scores) particular theoverriding effects of the physical fagat
the HCI In order to compare the rating differences inheelamatic variable, the ratingcales
were standardized tol®-point scale for both indicesiowever,n order to make correct
calculdions,theoverallrating scores (shading section of examples) for the 3 climate facets
(thermal, aesthetic and physicate still calculated based on original rating sc@l€3 5-point

and HCI 10point scalg.
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4.4.1 Thermal Facet

The twoexamples below show the rating differences between the TCI ahthHC
situatiors wheneffectivetemperature is loy<10°C) and high(>15°C). Whencomparing the
rating difference inthe thermal facet, other climatic variabt#fgheaesthetic and physickdcet
(cloud cover, precipitation and wind) are kept constaotder to shovboththerating score
differences in the thermal facet and its relationship withallvecore difference. Table 4.7
presents aexample of rating ifferences between the TCha HClwheneffective temperature
is lower than 10C. Theratingdifferences betweerthe two indicesre smallwhich means tht
the assigned ratings for tkieermal category are similar between the two indises Chapter 3
for rating scale comparison for the thermal fadéthen mean air temperature &4 the TCI
rates a score of #r its Daytime Comfort Index (CID) and r the Daily Comfort Index (CIA),
the HCI rates a score of Blthough a similar sc@ was assignethe calculatedcoredor the
thermal facebetween théwo indices are different (TC19, HCF12). This is caused by the
assigned weightings of the thermal faasthe TCl overemphasethe thermal comfoitby
giving it a 50%0f totalweighs whereas the HCI only assigns a 40% weight

Table 4.7Example of Rating Differensdetween TCl and HGVhen Temperature is Low

Theml (T) Resthetic (A Physical P)
CID (Tmau & RH)( (1A (Tmean & RH)(C) Cloud (%) - (Pricintaton (mm Wind (k)
40 3(LY) 00) 8l) 2()
2{4CID +CIA) =19 25=0 | 2R=16 | =2
|2 6 | 4 W)L 7 3 2 9 8 ol
{7 (Tma &RH) =12 A=b | R=T | W8

* () represents scores used in TCI calculations based on orighoahtsscale

Total Score

Index: | RH (%) Tmx (*C)Tmean () Cloud (%) P {mm} Wind (k)

o6 | 401} 7

3

A similar resultalso can be seen wheamparingating difference®etween the TCI and

HCI whena day has eelativelyhigher effectivetemperatur¢>15°C) (Table 4.8. The
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differences in thermal ratings between the TCI and HCI are svhah both indices were
compared in a Hpoint scalgTCI: CID-6, CIA-5; HCI: 6), but thenigherweightingcomponent
of the thermal facet gives the TCI a higher thermal rating score than th@@iGR9, HCI=24).

Table 4.8Example of Rating Differens@n Thermal Facet when Temperature is High

T " : Themal T) esthetc (A Physial ()
i | R | T o O (] i o Tl
e R e o e e e SR o) P ]
ool 6| w|m|1] g L8 LW L W L@,

HUCD+CH) = #5<0 | 2Rl | 2=
ol I I TR O I A ! : i g
0T (Tnax&RH) =24 wt | R7 | e

* (') represents scores used in TCI calculations based on origiuahBscale

In both cases the total HCI score is still higher because of differential rating and
weightings of the aesthetic and physical facets. This demonstrates that urban touristsyare high
adapted to the greater sensitivity of the TCI to thermal conditions. Tourist surveys used by the
HCI reveal greater tolerance for high and low temperature than the TCI-baged rating scale
indicates. This explains why summer has the smallest rdifiiegence and winter has the
biggest as a high thermal score of TCI plays a major role in reducing the gap of overall score
between the HCI and TCI.

4.4.2 Aesthetic Facet

The two examples below illustrate twestheticonditions, a day with percentagke
cloud coverxtremdy high (100%) anaxtremdy low (0%). When all other climatic variables
(temperature, relative humig, precipitation and wind) are kept constaatings ofthe aesthetic
facet betwee the TCl and HCI are differetttanwhenthere is100% cloud. A score of 0 is

given by the TCI to suggest that a day witehighest percentage of cloud cover is considered

thewor st climatic conditi on fs¢Tabled.f.blaveverthe ur i st s 6
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HCI givesa score of 2 b&slon results from tourist surveyhat a day with a 100% cloud cover
is considered bynainly urban tourists a&uitablé f o r togrism activitieks.

Table 4.9Example of Rating Differensan Aesthetic Facet whe@loud Cover is High (100%)

Index: | RH (% Tmax {'C}Tmean (]| Cloud (% P mm) Wind (k) (] ZEH lPhy3|ca| (F,)) Tota Score
CID (Tmau & RH)( (1A (Tmezn & RH)(C) Cloud (%) - (Pricintaton (mm Wind (k)
603 h(23) 00) 8l) 4
N 2{UCD+ClA) =9 280 | ¥R=16 | MW= :
|2 6] 4wl 7 ! : i 8 bl
AT (Tmax &RH) = 24 A=d | R=T | W8

*() represents scores used in TCI calculations based on origauahtscale

Whena maximum level of sunshin®% cloud coveroccurs aesthetic ratings dhe TCI
and HClarealsodifferent TheTCI gives the highest score of 10 to a day with 0% cloud ¢over
whereaonly a score of 8s given by the HCI (Table 4.)10The reason why the HCI does not
give the highest score taday with no cloud cover is because survey results show that all
urban tourists prefer a 0% cloud coderring holidaysand al1-20% cloud cover was most
preferredconditionby leisure tourists

Table 4.1CExample of Rating Differensgn Aesthetic Facet whe@loud Cover is Low (0%)

Index. | RH (%) Tmx (*C)Tmean () Cloud (%) P {mm} Wind (k) e ] feshec ) .Phy3|ca| (F,)) Tota Score
CID (Tmak & RH)("(G1A (Tmean & RH)('C) Cloud (%) {Priciitation (mm) Wind (k)
603 5(23) 0) 84) 4
WP by by 2UCD+CIA) = 25=N | 2R=16 | 2W=4 ;
| 2| 6] 8]0 |L]| : 8 9 8 i
AT (Tma &RH) = 24 Azl6 | R=T | W8

* () represents scores used in TCI calculations based on orighoahtsscale
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4.4.3 Physical Facet

Table 4.11 and 4.1present the rating differences between the TCI and HCI for two
conditionsof precipitation a day witha light rain and a day whenheavy rain occur3hesetwo
examples demonstrate how the HCI recogsiiae overriding effectfathe physical facedf
precipitation, but high winds would have the same effguot rating differencein precipitation
between the twandices are significant when there is a light r&fhen daily amount of
precipitation is 5Smmthe TCI considers it tbe the leas$atisfactorycondition for urban tourism
giving a score of 0. In contrast, the HCI givescare of 8 to a day with a 5mmin asurban
tourismis less rain sensitive tharther tourism segments (e.g. beach tourismdlicity holidays
provide many alternativeheltersand c t i v i t i e shortrainfalhsuch agtestaarants,0
museums, shoppingvithout significantly impacting holiday satisfactioh.more important
factor to consider when ratingecipitation is theduration and intensity of rain. A 5mm rain can
be a 1 hour moderate rain or 30 minutes heavy wiich is not a major preventative factor for
urban tourism activities taking pladecan be seen from the exanmglleat major rating
differences in precipation between the TCI and HCI play a major role in influencing overall
score difference@HCI=72, TCI=53)

Table 4.11Example of Rating Differensein Physical Facet whd®recipitation is Light

Thermal (T) Aesthetic (A) Physical (P)
CID (Tmax & RH)("GIA (Tmean & RH)('C) Cloud (%) - {Prcipitation (mm) Wind (kmh)
6(3 5(25) 10(9) 0(0) 4
2{ACID+CIA) =29 20 | 2R=0 | 2W=4
2| 6 4| 0 |5] 7 6 8 8 8 n
AT (Tmax & RH) =24 A=16 R=24 | W=8

*() represents scores used in TCI calculations basedginal 5point scale

Index | RH (%) Tmax (*C|Tmean (*C Cloud (%] P (mm){Wind (kmih) Total Score

2| 6| 0 [5] 7 5
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When a day has heavy precipitation, its impact on overall holiday experience can be seen
in both indices (seexample in Table 4.2 When there is a 25mm precipitation in a day, both
TCI and HCI rate iasthe worst physical condn for urban tourismAlthough both Tl and
HCI give very lowscore toconditions of heavy precipitation, tirapact of heavy precipitation
on overdl climatic suitabilityversushe same day with only light precipitation only can be seen
in the ratings othe HCL TheHCI captures theverriding effect oheavy rainby reducing rating
scoref the precipitation whephysical thresholds were exceeded to make sure physical scores
contribute negatively to overatiddex scoreFrom the examplen Table 4.14, it is clear that both
negative rating of precipitation and higyher weighting30%) assigned by thHeCl contribute to
the lower overall rating With the introduction of the physical override effect in the HGligh
overall score cannotebachieved with a low physical scobetter reflectinghe impact of
physical conditions on overall tourist experiences.

Table 4.12Example of Rating Differences in Physical Facet when Precipitatidaasy

Thermal (T) Aesthetic (A) Physical (P)
CID (Tmax & RH)("(BIA (Tmean & RH)(C) Cloud (%)  {Priipitation (mm) Wind (kmfh)
6(3) 5(25) 10(5) 0(0) 4
2(4CD+CIA) =2 25=0 | 2R=0 | 2W=4
HO | 2| 16 l 0 | & 7 6 8 ! 8 )
AT (Tmax & RH) = 24 2A=16 R=-3 W=8
* () represents scores used in T@lculations based on originaj®int scale

Total Score

Index | RH (%) Tmax (‘C{Tmean (*Q Cloud (%) P (mm) Wind (kmfh)

| 2| 1% U 0 | 5| 7 5

Forthe variable ofvind, the rating differences between the TCI and M@&te compared
by twowind speed: moderate and strong wind. When a day has a moderate windszeet,
in the example oflaily wind sped is 27km/h, theatings are different between the two indices
In the same 1Point rating scale, the TCI only rates a low score of 4 to a day with wind speed of
27km/h, but the HCI gies a high score of 8 (Table 413 The reason for the H

ratings is the results of obtained tourists?o
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Table 4.13Fxample of Rating Differensein Moderate Wind

: Thermal (T) Aesthetic (A) Physical (P)
Index | RH (%), Tmax (°CfTmean (°C} Cloud (%) P (mm)|Wind (kmih) Total Score
e Tmean () Cout ) P A e SRR Cout ) Pt i o
6(3) 5(25) 10() 8(4) 4
R N N N 2(4CID+CIA) =29 25=0 | 2R=16 | 2W=4 0
Hbp @] 68| “wi| 0|1 7 6 8 9 8 [
AT (Tmax & RH) =24 Az | R=T | W8

*() represents scores used in TCI calculations based on origioahtscale

When a day has a strong wi(xl’Okm/h) the TCI considers it having no contribution to
the overallscore by giving a score of 0 when daiind speed stronger than 38.52km/h. In
contrast, the HCilatings capturéhe overriding effect of physical facet by assignanmgegative
score for the purpose déflecting the effect of severe physical conditions on overall holiday
experienceAs seen in Table 4.14vhen daily wind speed is Kih/h and becomes a physical
dange to outdoor activitiesa score 0f10 is given to ensure a high rating score cannot be
achieved whem physical score is so low.

Table 4.14xample of Rating Bferences in StrongVind

. Thermal(T) Aesthetc (A) Physical P)
Index | RH (%) Tmax (°C|Tmean (‘Q Cloud (%) P (mm)| Wind (ki) Tota Seore
e e G e R T &) Cout ) Pt oo
0 S5 | 0E | 8¢ | o
I I B D+ =2 750 | IRB | M| C
; : 0 | 10
R T (markRH) =24 25 | ®2 | wan|

*() represents scores used in TCI calculations based on obgpaaht scale
4.5 Climate Change Analysis (ECHAMS Al Scenario 2020s, 2050s and 2080s)

This sectioranalyseguturetourismclimatic conditions of the selected 15 European
destinationssprojectedoy boththe newly-designed Holiday Climate Index (HGipd the TCI
in three time period2020s (201€2039), 2050s (2042069) and 2080s (2072099). The

climate resources analyzegre those projectday the ECHAM5model under th&€RES AB
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emissionscenarioThe projectedHCl mean monthly scoregere compareaith the TCI scores
to see the typeof seasonal climate changeshsf selected 15 European city destination$e
2020s, 2050s and 208@sdimportantly,how thefuture HCI ratings different from the TCI
ratingswhich have been cited in several gowveent assessment reports and media stories
4.5.1 HCI Mean Monthly Score
4.5.1.1 Northern, Western and Eastern Europe

For the selected nineorthern, western and eastern European city destingtionslon,
Paris Dublin, Amsterdam, Vienna, Berlin, Stockholm, Warsaw and Munttie)projected
climatic suitabilityfor tourism will improvefor almost allmonths of the yean thefuturetime
periods 2020s (201£2039), 2050s (2042069) and 2080s (2072099)whenrated by the HCI
(Figure 4.9. Climatic conditions othe northern, western and eastern Europe are expected to
improvethe mosin spring, summer and fall month%.steady increase in HCI scores imsmer
monthswas expected famost cities Vienna is thenly exceptionas there is hardly any change
of HCI scoresn any seasarin Munich, the projected changesabiimate conditionyvary across
seasons.nthesummer and fainonths Munich wasprojectedo havethe biggest improvement

in climatic conditionsf all the selected cities in tlseregiors.
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Figure 4.8Projected HCI Mean Monthly Scaref Northern, Western and Eastern European Cities
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