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Edappoyn €vog BLoKALHATIKOU SeiKTn yla TNV eKTipnon tng eAkuotikotntag 3S (Sea-Sun-
Sand) mpooplopwv oe dU0 mapalieg av§nuévng TouPLoTIKAG Kivnong otn Podo kat otn
Mukovo
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NepiAnyn

Edapudletal o kAwpatikog deiktng CIT (Climate Index for Tourism) ylo tnv €KTiUNON TWV BLO-KALLOTIKWY
ouvOnkwv Tou euvoolv TO 3S (Sea-Sun-Sand) Touplopd o 2 mapalie¢ otn PAdo kalL Mukovo.
Xpnotpomotifnkav wptaia petewpohoyikd Sedopéva amnod tn nepiodo Anpilio-Oktwpplo yla ta é€tn 2012-2014,
Ta omola META amo KATAAANAEG LETATPOTEG CUYKPLONKAV UE OXETIKEG UNVIALEG KALLATIKEG TIPOPBAEPELS yia Ta
€1n 2050 kat 2100 tng OANavSIKN ¢ BaotAwkrgc Metewpoloyikng Yninpeolag. Ta anoteAéopata Selxvouv OTL TOCO
o BlokAlpatikog Seiktng PET (Physiologically Equivalent Temperature) 600 kal 0 KALLATIKOG SelkTNnG TOUPLOUOU
(CIT) 86ev Ba emnpeacBolV onuUaAvTKA OTLG 2 MaPaAieg, Twv omolwv OpwE N dépouca tkavotnta poPAEneTal
va PelwBel onuavtika.

NEgerg KAewdLa: PET, CIT, BaOudc TOupLoTIKAC LKkavomoinaong, dépouaca Lkavotnta
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Abstract

The objective of this study is the implementation of the CIT (Climate Index for Tourism) in order to estimate the
current and future bioclimatic conditions of 2 major island beach (3S) tourism destinations (the Rhodes city
beach and the Kalo Livadi beach in Mykonos). Hourly meteorological data for the months April-October from
2012-2014 have been used; these data, following appropriate transformations, are compared with monthly
climatological predictions (by KNMI) for the years 2050 and 2100. The results show that both the PET
(Physiologically Equivalent Temperature) and CIT indexes will not be significantly impacted in these touristic
beaches, the carrying capacity of which is, however, predicted to be substantially reduced.

Keywords: PET, CIT, tourist satisfaction, carrying capacity

1. Elcaywyn

O ToupLoWOE, Evag armd TouC TaXUTOTA AVATTTUCOOUEVOUC TOUELG TNG TMOYKOOULAG OLKOVOULAG, TLG
televtaieg SekaeTieg £xel eTUKEVTPWOEL OTIC MAPAKTIEG TIEPLOXEG Kal, SLaitepa, OTLG TIOPAALOKES
Sdpaoctnpotnteg avauyng (Phillips & Jones, 2006). Itnv EAAASQ 0 TTAPAKTLOC TOUPLOMOC ATIOTEAEL
NV atuopnxovh tng eAANVIKAG olkovopiog (ne ouppetoxn 16.3% kat 18.2%, oto AEN kat otnv
QTacXOANON OVTLOTOLXA), EVW CUYKEVTPWVETAL KUPLWG oTn vnolwTtik EANGda kat eival emoylokoc
(SETE, 2014): 10 89.5% twv Slebvwv adifewv otn xwpa mpayuatonoleital tn nepiodo Amplliouv-
OktwpPpiou kaL to 70 % t0 4punvo louviou-ZentepuPpiou. O MAPAKTLOC TOUPLOUOC OUWE Kal Lolaitepa
QUTOG TIOU avVaNMTUOooeTal cUMdwva He To Mpotumo 3S (Sea-Sun-Sand) eival gvaicbntog petaty
AAAWV oTLG TePLBOAAOVTIKEG CUVONKEG, OTIWG To KAl (1.X. Beppokpacia kat nAtodadvela), kaBwg Kat
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™ pépouaa Lkavotnta tou ¢uaikol mopou (6nA. Twv mapaiiwy). TOco OUWG TO KALHA OGO Kal n
dépouca kavotnTa Twv TOPaAlwyY TipoPAEnoval 0Tt Ba aAAGEOUV ONPOVTIKA TIG ETOMEVEC
Sekaetiec AMOyw twv mpoPAemopevng KAotkng/oAayng/mapdktiag StaBpwonc (Monioudi et al.,
2014). O OmOTEAECUATIKOC OXESLAOUOC TNC Blwolpotntog/avantuéng Tou ToupLloTkol TPoiovTog
npenel va PacloBel oe eumeploTAtwWPEVEC TIPOPAEPEL; TWV ETUMTWOEWY TwV OAAOYWV TWV
nieptBarloviikwy cuvBnkwv (r.X. Morgan et al., 2000).

ESw, mapouotdletal n pebodoloyia Kal TO TPOKATOPKTIIKA QTMOTEAECUOTO TNG EKTIUNONG TNG
ONUEPWVNG BLOKALLOTLKAG €AKUOTIKOTNTAG O OU0 TOUPLOTIKA SNUOPIAEIC VNOLWTLKEC TOPOALES
(mapaAio MoANng Pédou kat KaAd ABadt, Muokovog, (Ewk. 1(b), 1(c)), mou PBaociletal os doov TO
Suvatov ‘avtikelpevikd' kputrpla (De Freitas et al., 2008), dnA. T TwpPLVEG Kal (TpoBAemOpeve()
HEANOVTIKEC KALLOTOAOYIKEG CUVONKEC.
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Ew. 1. (a) Neploxéc peAétng Kat BEoelc petewporoykwy otabuwyv. (b) MNapaiia meppeTpikd Tou akpwinplou
NG TOANG g Podou. () Napaiia Kahd ABasdL, MUkovoc. (d) Mivakag twy tou Seiktn CIT. (e), (f) Ethowa
Katoavou gVpoug Beppokpactwv tou PlokAwatikol 6Seiktn PET yia tn touplotikr mepiodo (AmpiAtoc-
OktwppLog) yla ta £Tn 2012-2014 og Pobdo (e) kat Mukovo (f).

2. MeBodoloyia

Mo TNV  eKTiUnon NG TWPWAG PBLO-KAMATIKAG KATAOTOONG TWV TIOHPOALWY  HEAETNG
xpnotpomnoibnkav wptaio Ssdopéva (Beppokpacia, vepokaiun, toxvTnta avépou, Bpoxomtwaon
KOl OXETIKA uypaocia yla to 2012-2014) amd peTeEwpOAOyLkoUC oTaBpolc Tng MeTEWPOAOYLKNG
Yninpeoiag (EMY) otn P6do kat Mukovo (Ew. 1a). Amo ta dedopéva autd umoloyicOnkav oL pHéaeg
pnviaieg TuéEG (yia tn mepiodo Ampiou-Oktwppiou) ywa to 2014, oL Omoleg OTn OUVEXELX
ouykpiBnkav JE avtiotolyeg TipoPAEYELC ™g OAM\QVSLKNG KNMI
(http://climexp.knmi.nl/selectfield cmip5.cgi?id=someone@somewhere#tsurface) yia to 2050 kot
2100 ywa vo eKTWNBoUV Ol EMUMTWOEL] TNG KAWLATIKAG OAAAYNG OTNV €AKUOTIKOTNTA Twv 2
TOUPLOTIKWY TIPOOPLOHWY. AOYWw TNG HeYAAng afePfalotnrag, oL eVvidoel; avépou tou 2014
Xpnotlpomnoionkav kot wg npoBAEPeLc yia to 2050 kat 2100. Apxika £ylve avaywyn Twv SeSopévwy
2012-2014 amoé wplaia oe nuepnoLa, umoAoyllovtag To HECO OpO TWV TAPAUETPWY YLO TIC WPEG
09:00-18:00, dnA. Tig wpes uPnAng INtnong (peak tourist demand). £tn ouvéxela, xpnolononénkav
oL TIHEG Beppokpaoiag, vepokAlung, TaxUTNTOC OVELOU KOL OXETLKNG UYPACLAC yLlot va UTIOAOYLOTEL
o BlokApatikog deiktng PET (Physiologically Equivalent Temperature) péow tou povtéhou RayMan
(Matzarakis et al., 2007), pe avOpwrivn Spaoctnpotnta wg 80 W (katdotaon npepiag, 1.75m, 75kg
HE puUBUO peTaBoAlopol 45W/m’=0.8Met kat péon emdbdvela owpatoc 1.8m?) kot Oeppikn
avtiotaon evéupaoiac we 0.9 clo=0.14 m**K/W (ASHRAE, 2004). H amotitnon g tkawomnoinong tou
TOPaALOAKOU ETILOKEMTN, €ywve oUUPwva HE TO KALHATIKO Seiktn touplopou (CIT), o omoiog
anoteAeital ano 3 Baoikeg petaPAntég (De Freitas et al., 2008), tn Fepuikn (T), Tnv atodntikn (A) kot
™ @uatkn (P) (Ew. 1d) mou cuvdudlovral o éva ¢paopa suvolkwv/Suopevwy cuvOnkwv we CIT=f
[(T,A)*P], kot urtoAoyiotnke oe meplPallov Matlab. H T adopd 10 avBpwrmivo evepyelako Loollylo,
kot edw mpoadlopiletal cUUPwWvVA Pe Tov Blo-KAHaTIKO Seiktn PET, pe ta eUpn Bepuokpoolwy vo
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OVTLOTOLYOUV O€ CUYKEKPLUEVA emimeda Beppikng emiBapuvong tng kKAlpakag ASHRAE (Very cold (-4)
— Akpaia puxpn emiBapuvon kat Very hot (+4) — Akpaia Bepuikn ermupdpuvon). H petafint) A
kaBopiletal and to moooaoto vedpokaAuPng (0 %-kaBapdg oupavog kat 100 %-rAnpng vedokdaun),
evw N petoPAnt P eAéyxetal amod tn Bpoxomtwon (= 3 mm) f/kat avéuwv Loxupng évtoaonc (> 6
m/s). Qc ‘BéAtlote ouvbnkeg Bewpouvial ouVONKeC TOU avVILOTOLXOUV ot eladpd Bepuikn
erupapuvon (23-27 °C PET) kat pepikr) vedpokalupn (scattered cloud < 40%), evw n Bpoxomtwon
f/kat Loxupol dvepol maipvouv TLpEG amo 1 éwg 4 (Ewk. 1d).

3. AntoteAéoparta
H katavoun cuxvotntwy tou gUpouc Bepuokpactwyv PET yia tnv Pobdo (Ew. 1e) mpooeyyilouv Tig
‘davikég’ ouvOnkeg Bepuikng aveong (27-32 °C, warm) yla €va 3S TIpoopLoO KOl UTIO TTPOoUTIOBECELS

elval Suvatdv va avtiotolyouv otnv Tt 7 tou Seiktn CIT (Ewk. 1d), evw yia thv Mokovo (Eiwk. 1f)
daivetal otL emikpatolVv ol ‘BéAtioteg’ (23-27 °C, slightly warm) kat ‘tbavikég’ ouvBnkeg (27-32 °C,
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Ek. 2. (a) Mnviaia katavoun kdbe £toug tng e€etaldpevng eptodou (2012-2014) tou beiktn CIT yia th Podo
(mdvw) kat tTn Mukovo (kdtw). (b), (c) Ektiunoelg tou CIT yia ta €tn 2014, 2050 kat 2100 yia th Podo (b) kat
Mukovo (c).

H ouyxvotnta epdaviong twv Tpwy PET < 13 °C (0.04%) Bewpeital un onuavtkn (Ew. 1e, 1f), evw
oL emkpatéotepeg TEG CIT > 4 (Ew. 2(a)) mou epdavilovtal to 4pnvo louviou-XenteuBpiou
ouoxetilovral pe tn nepiodo uPnAng Intnong (70 % twv Stebvwv adifewv, SETE, 2014). Oaivetal otL
10 KaAo ALBasdL mapouotdlet upnidtepo Seiktn CIT, kupiwg Adyw tou aveporoykol kabBsotwtog. Oa
TPEMEL OUWCG Va onNUelwBOel OtTL () 0 vOTLOG (OXETIKA TtpodUAAYLEVOC) TTPOCAVATOALOMOG Tou KaAol
ALBadlov nailel onpaviikd poio kat (B) woxupol mapaiiakol dvepol dgv unoBfabuilouv anapaitnta
TO TOUPLOTLKO TPOioV, KaBwG UmopoUlv va SnpLloupyrnoouv MpooBeTeg Spaotnplotnteg avaluyng
(r.x. Baldooia omop). Av kat n afefaldtnTa TWV KALLATIKWY HOVTEAWV TIPEMEL va AndBel unoyn,
daivetal OtL oL TMPOPAETIOUEVEG ylot TG 2 TIEPLOXEG MEAETNG KALMATIKEG aMAayég dev Ba €xouv
ONUaVTIKEG eTuntwoelg otov CIT, ou Seixvel va MOPOUEVEL OXETIKA 0TABEPOG yLa TA £TN GUYKPLONG
(2014, 2050 kot 2100, Ew. 2b, 2c).

To TPOKATAPKTIKA OUTA amoteAéopata €ival evOappuUVTIKA Yyl TO TOUPLOTIKO HEAAOV Twv 2
napaAlwy. Mpémel Opwg va onuelwBel otL mépa amod tnv afefaldotnta mMou XOopoKTNPLlEL TIG
MEANOVTIKEG KALUATIKEG TIPOPAEYPELG, N EAKUOTIKOTNTA TOU TIPoopLopoU Ba e€aptnBel kot amd AMAeg
ouVONKeC OMWC TL.X. N TOPAKTLY SLABpwWOoN TIou TIPOPRAEMETAL VA TIEPLOPLOEL ONUAVTIKA TN ONUEPLVA
dépouaoa kavotnTa Twy 2 apaAlwy, n omoia ektundnke (WTO, 1988) wg 8300 kot 1000 eMIOKEMTEG
yia t Mapaiia P6dou kat to KaAo ABadt, avrtiotowa. Ot 2 autég mopadieg mpoPAEmovtal va
omntoBoxwpnoouv/pelwbolv onuavtikd Adyw tng mpoPAemopevng avénong tng Baldoolag otddung
(Velegrakis et al., 2015), pe tic eAayLoteg onmoBoxwpnoelg va poPAEnovtal o 13 m yia tn mapalia
¢ Podou kal 8.5 m yia to Kadd AtBadt yia oevdaplo avodou tng BaAddooiag otadung katd 0.5 m.

1107



11th Panhellenic Symposium on Oceanography and Fisheries, Mytilene, Lesvos island, Greece | 2015

4. JuunepaopaTa

Mapouotaletal n pebodoloyia KAl Ta TPOKATOPKTIIKA ANMOTEAECUATA TNG EKTIUNONG TNC TWPLVAG
(2014) kat peMovtikng (2050-2100) PLo-KALLATIKAG €AKUCTIKOTNTAG SUO TOUPLOTIKA SnuodAwv
VNOLWTIKWY EAANVIKWY TapaAlwv (mapaAia MoOAng Podou kat KaAd Apasd, Muikovog). Ta
anoteAéopata Seixyvouv OTL oUPdWVA HE TIC UTIAPXOUOCEC KALULATOAOYLKEG TPOPALPELS, TOCO O
BlokAlpatikog deiktng PET 600 Kkal o KALLOTIKOG 6eiktng touplopol CIT Sev Ba emnpeacBolv
ONUOVTIKA. Ta omoteAéopato autd Opwe, Ba mpémel va efetactolv pall e TNV OVAUEVOUEVN
ONUOVTIKA Helwon tng MopaAlokng dépoucag Lkavotntag AOyw Tng avénong tng Baldcolog
oTanung.

5. Euxaplotieg

H épeuva €xel ouyxpnuatodotnBel amd tnv EE (Eupwrnaikd Kowwviko Tapeio - EKT) kat amo
€06vikoU¢ mopou¢ pEow Tou Emiyelpnotakou Mpoypdappatog «Ekmaideuon kat Ala Biou Mabnon» tou
EOvikoU ItpatnywoUl MAawsiou Avadopadag (EXMA) - Epguvntikd XpnuatodotoUpevo Epyo: OAAHS-
Emumtwoelg tng Avodou tne ITabung tg OdAaocoag otig Nnowwtikég Meploxég tou Ayaiou NeAdyoug
(ISLA).
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Complex wave oscillations in the nearshore zone of an Aegean pocket beach (Kalo Livadi
Beach, Mykonos, Greece)

e as 1 . 1 . 1 . 1 1
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Abstract

The wave conditions in the nearshore zone of the pocket beach at Kalo Livadi were studied, during a period of
seaward-directed winds, with the use of pressure recording instruments. The spectral analysis of the data
showed the existence of a complex wave pattern consisting of incoming swell, margin-reflected waves and
outgoing locally-generated wind waves. It is concluded that erosion studies for the Aegean islands should not
assume that the beaches are affected by significant wave activity only during periods of onshore winds.
Detailed in situ measurements are required to determine the nearshore hydrodynamic conditions.

Keywords: nearshore hydrodynamics, WAFO, beach erosion, spectral analysis

1. Introduction

The Aegean Sea is characterized by irregular bathymetry, complex coastline morphology and
numerous islands that cause uncertainties in the description of its wave climate (Poulos et al., 1997).
The channelling effects, due to the islands, give rise to increased wind speeds, wave heights and
currents, which are responsible for the severe erosion of many Aegean island beaches; these are
highly vulnerable due to their limited size and sediment supply (Velegrakis et al., 2008).

A significant aim of the THALES Research Project ISLA is to develop new methodologies and tools
that will allow rapid and cost-effective assessment of beach retreat at a regional level and under
varying beach morphological, hydrodynamic and sedimentological conditions. These methodologies
will be applied to the beaches of the Aegean Sea, which have a high socio-economic value and are of
vital importance for the Greek economy (Velegrakis et al., 2005).

The present contribution describes the preliminary results of a field experiment for the study of
the complex wave conditions in the nearshore zone of Kalo Livadi beach (Mykonos Island, Greece),
that was carried out in November 2014 within the framework of the ISLA project.

2. Materials and methods

Three RBRvirtuosoD|wave and two Solinst Levelogger Edge recorders were used to measure
water levels and wave characteristics in the nearshore zone (locations shown in Fig. 1, sampling
intervals in Table 1). A Nortek ADV Vector and a Nortek Continental side-looking ADCP was used to
obtain current measurements and profiles the center of the nearshore zone. The data of the two
Doppler instruments and of a fourth offshore RBR wave recorder are not included in the present
preliminary analysis; they will be analyzed after instrument retrieval in February 2015. Wind and
weather conditions were recorded by a Davis Vantage Vue weather station installed at a height of 21
m (above MSL). The absolute pressure data recorded by the RBR and Solinst instruments were
converted to time series of sea surface elevation, after correction for barometric pressure variations.
These time series were analysed, using special algorithms based on the WAFO Matlab toolbox
(Brodtkorb et al., 2000) to extract the wave characteristics. A video-based coastal imaging system,
installed above the eastern end of the beach, provided additional data in the form of snapshots,
TIMEX and SIGMA images.

1109


mailto:dsifnioti@geol.uoa.gr
mailto:gghionis@geol.uoa.gr
mailto:spetrakis@geol.uoa.gr
mailto:kkarditsa@geol.uoa.gr
mailto:Poulos@geol.uoa.gr

