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ANTIKTYMOZ 2THN KOINQNIA

To £pyo MARICC Ba weArjoet Tnv EBvikr Aloiknon, TG TOTILKEG APXEG Kot AAAOUG evdLa-
depopevous popeic, kKaBwG Kal To eupUTEPO KOO, HECW TNG a€LoAdYNaNG Tou KvéUvou
napaAtokng StaBpwong/mMAnuulpag katw amnd tnv KApatikn petafAntotnta kot AAayn
(KM&A) o€ vnolwTikr) KAlpaka. Me Tov TPOTIO QUTO EVNLEPWVEL TLG TIOALTIKEG KOl TOL [LE-

o]l aVTLp'.E'EU.)T[LOI‘]Q’, gvioXUOVTOG ’ru; npoontu(eq' Blwc’nunq avarmntuéng 'FUJV TP AKTLWV A1) NANENIZTHMIO AITAIOY
VNOLWTLKWY KOWOTATWY. Ol EKTLUNOELG TOPOALAKNG SLaBpwaong mou mapexel To MARICC K
gival {wtkAg onuaciog yia tn Slaxeiplon Twv aKTwy, KATL TTOU €XEL AVAYVWPLOTEL OTIC \ S” UNIVERSITY OF THE AEGEAN

SLeBveig kat EBvikEG moAttikég (m.x. To MAaiolo Zevtdl, n Evpwraikr kal EBvikn Itpatnyt-
k) Mpooappoyng otnv KAtpatiky ANAayr)) kat mpoPAenetal and tnv vopobeaoia (rm.x. 08n-
yieg 2000/60EK, 2007/60/EK kot 2014/52/EE).

IMPACT ON SOCIETY

The MARICC project will benefit the National Administration, local authorities, and other
stakeholders, including the broader public, by assessing the risk of coastal erosion/ flood- M£9060)\OYIK(') TTAQioI0 yla Tnv £KTI'|J non Kai 'ITGpGKO)\OL’J-

ing due to CV&C at an island scale. This assessment will inform policies and response . . . _
strategies, thereby enhancing the prospects for sustainable development in coastal island Oncr] TOU KIVOUVOU 6IGBpUJO'ﬂ§ VLR ORGP TSRy el

communities. The beach erosion assessments provided by MARICC are essential for effec- KWV 'ITGpG)\I(UV KATW aT1ro KNIJGTlKn AMGW]
tive coastal management, a need recognized in the international and national policies
(e.g., the Sendai Framework, the EU and Greek Climate Change Adaptation Strategies)

and prescribed in |egis|ati0n, such as the EU Directives 2000/60/EEC, 2007/60/EC and the erosion Risk of touristic Island beaches under Climate change
2014/52/EU.
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EpEUVNTIKO aVTIKEILEVO Kot oToXol - Research objectives

YAUEPA oL mapalieg amotedolV ToV MPWTOPXKO PUGLKO KOl OLKOVOULKO TIOPO TNG
MAPAKTIOG {WwvnNg €VW TOUTOXpova  avilpeTwrilouv cofapotata mpoBAfuata
SlaBpwong. H emtayuvopevn avodog tng BaAdooiag otabung (ABGZ), oe cuvOUACUO e
mubavég alMayég otnv évtaon/cuxvotnta twv dawopévwy Katayidag Adyw tng
KAwpatikng MetafAntotntag kat AANayng (KM&A), avamnodeukta Ba embelvwoeL Tn
SLaBpwon twv mapallwy, Le coBapEG ETMUMTWOELS oTa GUOLKA Kol avBpwrva IopAKTLa
cuotnuota. H katdotaon sival laitepa avnouxnTKy ylo TIG VNOLWTIKEG TIEPLOXEC, OL
omoleg¢ yevika xoapoaktnpilovtat oamd TmopoAiec 'TOEMNG'  UE  TIEPLOPLOUEVEC
W{NUATOTIAPOXEG, EVW TNV BLA OTLYUH armoteAoUV TO ETIKEVTPO ToU EAANVIKOU ToupLopoU.

H rapdkrtia StdBpwon Stakpiveton os:

< Makpoxpovia StaBpwan, SnA. wéviun vroXWENoN TNG AKTOYPOUUNG, AdYyw avodou
NG OXETKNG Péong Bahdootag otdOunc-RSLR r/kat apvnTikwy looluyiwv WHKATOC
< Eneloodlakn umoxwpnon Aoyw yeyovotwv katatyidag (akpaia BaAldooia otddun-
ESL), Ta omola &ev odnyouv amapaitnta og LOVIUn dLaBpwan, evEEXETAL OUWG va
TIPOKOAEGOUV PEYAANG KALLAKOG KATAOTPODEC.
ZNPOVTLKEC KOWWVLKO-OLKOVOULKEG ETILITTWOELG

7

% AbEnon tou KdUVOU TANUUU PG TTAPAKTLWY OLKLOWY KOL UTIOSOUWV

< Meiwon mapaAlakol TTAATOUC TTOU GUVETIAYETAL UETATOMLON TNG {WvNG atylalol
Tpog ta evdoteEpa Kal peiwon tng pépoucag tkavotntag (dnA. tou aplBpol twv

ETILOKETTTWY TIOU prtopei va prrofevroet n mapalia)

KD

% Meilwon TG moldTNTOC Kol EAKUCTIKOTNTAG TG Ttapaiiag wg meptBailov avaduyng

«* EMOoKOAOUBEG CUVETIELEC OTOV TOUPLOUO KAL OTNV OLKOVOLLLA.

Sxnua 1. Moapadeiyuata ensioodiaknc StaBpwong. - Fig. 1. Examples of episodic erosion from USA




EpeuvnTIKO aVTIKELLEVO Ka oto)ol - Research objectives

Beaches are the primary natural and economic resource of the coastal zone and are
already facing significant erosion. Accelerated relative sea level rise (RSLR), combined
with possible increases in the intensity/frequency of storm events due to Climate
Variability and Change (CV&C), will inevitably exacerbate beach erosion, with severe
impacts on the natural and human coastal systems. The situation is particularly alarming
for the island regions, which are generally characterized by ‘pocket’” beaches with limited
sediment supply and at the same time are the main focus of the Greek tourist industry.

Beach erosion can be differentiated into:

+ Long-term erosion, i.e., irreversible shoreline retreat due to relative mean sea level
rise (RSLR) and/or negative sedimentary budgets

«» Short-term retreat caused by storm events (Extreme Sea Level-ESL), which although
might not result in permanent erosion, it could be, nevertheless, devastating

Significant socio-economic impacts
% Increase of flooding risk in coastal settlements and infrastructure
« Beach width reduction, resulting in the foreshore shifting inland and decreases in
carrying capacity (i.e., the number of visitors a beach can accommodate)
«» Decrease in the quality and attractiveness of the beach as a recreational
environment
«» Consequent impacts on tourism and the economy.




EPELVNTIKO AVTLKEILEVO Kal otoxol - Research objectives

Elvat Aoutév amapaitnto va ektpndel n peAlovtikn SlaBpwon/mAnuuvpa oe
UEYAAEC XWPLKEC KAIUOKEG, TIPOKELUEVOU VO TTPOGSLOPLOTOUV OL KPIOLUEG KAl EVAAWTEC
TIEPLOXEG, WOTE VA OXESLAOTOUV QMOTEAECUOTIKEG TIOATIKEG TIPOCAPHUOYAG KOl val Yivel
ootk Katavour mopwv. Mo To OKOTO autd, To €pyo €xel avamtuéel/sbapudost
TMOAUTIMA.  KOL  KOLWOTOMO  epyolAeia, Onmwg é€va  Autovopo Omukd  Zuothipa
MapakoAouBnong twv MapaAiwy, aAyopiBuoug tkavoUg va amOTUMWOOUV UETABOAEG
KPIOLLWY XaPaKTNPLOTIKWY, OTWE N OKTOYPOMMN KAl TO QVWTEPO OPLO TNG KUMATLKAG
avappixnong kat Texvntd Neupwvikd Aiktua (TNA) Kavd va T(POCOUOLWOOUV TNV
mapaAlakr popdoSuvaLkh.

O otoyoL Tou €pyou MARICC eivat: The objectives of the project MARICC are:
Anpoupyla ohokAnpwpévne Bdaong Construction of an integrated beach
Sedopévwv TwV Tap oAy database
Ektipnon tng mapaiiaxnic diafpwang os Assessment, at an island scale, of beach
KALpaka vholoU kdtw amd KME&A erosion under CV&C

, * [apouoiaan mapaAumv L . * Showing beaches of
IEpu,men uviotng onpooicg yua uCaa oy highest importance in
EUT[[lBEl'Ct(; uimny v edappoyr LETPWY 3 of beach the list for adaptation
nu.pu)umv otn TPOGAPHOYAL vuln?rablllty to measures
Safpwan = Emioyr TAOTIKGV erosion = Selection of pilot

TopaAlwv beaches
4 Muakpoypovn, uliouyvn mapakohotBnon 4 Long-term, high-frequency monitoring of
e mopadakig popdoduvaikng ko coastal morphodynamics and
UuSpoSUVALIKRC TWV TTAQTIKWY o aAlWY hydrodynamics of pilot beaches
5 Kowwvko-ouovopt avaluon oty 5 Socio-economic analysis of pilot beaches

Mapaiwv

Based on the above, it is necessary to assess future beach retreat/erosion and flood
risk at large spatial scales in order to identify critical and vulnerable areas for the design
of effective adaptation policies and the efficient allocation of human and financial
resources. For this purpose, the project has developed/applied valuable and innovative
tools, such as an Autonomous Optical Beach Monitoring System, algorithms capable of
capturing changes in critical features, such as the coastline and the upper limit of the
wave run-up and Artificial Neural Networks (ANNs), which seem to be capable of
simulating coastal morphodynamics.



Bdon dedopévwv napaliwyv - Beach inventory

Y10 mhaiolo tou €pyou MARICC SnutoupynBnke pia oAokAnpwuévn Baon dedopévwv
Twv MopaAlwy TNG Zavropivng kat Kw. MeplthapPfavel mAnpodopia yla ta yew-xwplka
TEPLBAAAOVTIKA, KOLVWVLKOOLKOVOULIKA XOPAKTNPLOTIKA KOL TIG avBpwriveg opeUPAOEL.
Ta apxka dedopéva mpoépyovtal ano tnv PndLomoinon o0pudoplkwy ELKOVWY, EUPEWG
SlaBéolpwv and tv edapuoyn Google Earth Pro. Emiong peletiBnkav ol LOTOPLKEG
taocelg SlaPBpwong/mpooxwaong, HECw CUYKPLONG LOTOPLKWV €elkOVwy. H Bdon eival
opyavwiévn os GIS kat mpoofaoiun oto https://maricc.gr/ kat mepléxel minpodopia yla
30 mopahieg otn Zavropivn kat ya 78 otnv Kw (Zynua 3a). Itatiotiky avaAuon tng
Baong €belée otL: (a) oL mapahieg €xouv UIKPO HEyeOOC, e To 88% va €XOuv pEyLoTA
TAQTN < 50 m, yeyovog TOU TIG KAVEL EEQLPETIKA EVAAWTEG oTnV AGOZ: (B) OL LOTOPLKEG
MeTaBoAég €6elav onUAVTIKEG TAOELS SlaBpwong (Zxnpa 3b). H Baon autr amotelel
moAUTIHO epyaleio mapakTiag Slaxeiplonc.
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Ixnua 3. (a) Wnelonoinon mapadiakwv opiwv (Uéyloto mapaAiako mAato¢ - BMW) yia 2
Slapopetikéc nuepounvies (b) lotopikn petaBoAn tov BMW uetaév 2 neptodwyv (Savtopivn).
Fig. 3. (a) Beach delimitation for 2 dates; (b) historical changes in Beach Max. Width-BMW.

Within the framework of the project MARICC, a GIS-based inventory (database) of the
beaches of Santorini and Kos was constructed. It contains information for the geo-
spatial, environmental, socio-economic characteristics and the human intervention
features. The information is based on the digitization of satellite/aerial photographs
widely available in the Google Earth Pro application. 30 beaches of Santorini and 78 of
Kos have been digitized (Fig. 3a) and stored in the database (https://maricc.gr/).
Historical trends of erosion/accretion were also studied through historical imagery.
Statistical analysis showed that: (i) the beaches are limited in size (pocket beaches) with
88 % showing max. widths < 50 m; (ii) historical changes have shown significant erosion
trends (Fig. 3b). This database comprises a valuable coastal management tool.
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Ektipnon Kwdlvou napaliakig Stafpwong
Beach erosion risk assessment

AvamtuxOnke pla mPooEyylon Tou TapEXEL UL ypryopn ektipnon tou Kwduvou
SlaBpwong o€ MeyaAn Xwplkn. Zuviotatal amd 2 ouotolyieg MovtéAwv (i) uia
aroTeAOUHEVN ATTO TA AVAAUTIKA HovTéAa Bruun, Dean kat Edelman, n omola mpoPAénet
TN HOVIUN poKpoxpovia uroxwpnon Aoyw RSLR kau (i) pio amotelolpevn amod ta
Suvaulkad povtéla Leont’yev, SBEACH, Xbeach kat Boussinesq, n omoia mpoPAEneL tnv
umoxwpnon Katw amnod enetcodlakn ESL (Monioudi et al., 2017; 2023). Eneldn ta povtéla
edapuéoTNKAV O PEYAAN XwpPLKN KAlHaKa, Xpnolpomoltnkav ypapUIKEG SLATOUEG WG
apxikn Babupetpla, Bewpwvtag £va Aoyilkd eUpog KAioewv Kkat peyebwy Wuotog, BAcel
TOLOTIKWY TANpodopiwv amod t Pacn dedoucvwy. Ot EAAXLOTEC, UEYLOTEG Kal SLAPEDES
TIUEG TwV TPOPAEPEWY TWV CUCTOLLWY CUYKPLONKAV HE TA PEY. TIAATN TWV TOPAALWY,
WwoTe va ektunBouv: (i) to mooooto peiwong/katdkAuong tng "énpng" mapaliog kat, Kot
EMEKTAON, N EMIMTWON otnv d€pouca LKAVOTNTA TNG Kt (i) oL EMMTWOELG 08 UTIOSOUEG
/KoL TEpLOUCLAKA oToLXEla TTou Bpiokovtal otnv ontcBomapahia.

MpoPAEPELS KALHATIKWY MAPAHETPWY Climatic factors projections
RSLR KOpo ESL,g0 RSLR Wave ESL,g0
\—'\. ' - ‘\—'\_ VO =
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FuoTtoyia avaAuTIKWY JuoTolgia SuvapLkwy Analytical model Dynamic model

HOVTEAWY HOVTEAWY ensemble ensemble
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MpoBAEYELG LEANOVTLKIG UTTOXWRNGNG Future beach retreat/inundation projections

ZUykpLon Twv mpoPAEPEWY TWV CUGTOLXLV LE TO Comparison of model ensemble projections with
uey. mapalilaké mhdtoc the beach max. width

Eruntwoelg otn ‘§npo’ napahia (dpépovoa
LKQVOTNTA) KoL GTLC UTIOSOUEC/ IEPLOV GLAK G
otoeia tng omoBonapadiag

Impacts on ‘dry’ beach width (beach carrying
capacity) and on backshore infrastructure/assets

Two model ensembles were created: (a) an analytical ensemble consisting of the
models Bruun, Dean and Edelman, which was used to assess beach retreat due to long-
term RSLR and (b) a numerical (dynamic) model ensemble comprising the models
SBEACH, Leont’yev, Xbeach and Boussinesq which was used to assess beach retreat
under episodic ESL (Monioudi et al., 2017; 2023). Since the models were applied at an
island scale, the use of in-situ measurements was not feasible. Therefore, linear profiles
were used as initial bathymetry, considering a plausible range of slopes and median
sediment sizes, based on qualitative information gathered on the beach database. The
minimum, maximum, and median values of the model ensemble predictions were
compared with the max. beach widths to estimate: (i) the percentage of the "dry" beach
reduction/inundation, and consequently, the impact on the beach carrying capacity, and
(ii) the effects on the backshore infrastructure/assets.

e .



Ektipnon kwd0vou napaliakng Stappwaong
Beach erosion risk assessment

NpoPAEPELC pakpoxpovioe SwaBpwonc

To 2050 kATw amo pakpoxpovia RSLR mpoBAEneTal 0Tl €éwg Kat To 60% Twv TapaALwv
otn Zavropivn Kot To 70% otnv Kw Ba umoxwproouv povipa Kotd touAdylotov to 20%
TOU Mey. MAATOG Toug (HEyLoteg MPoPAEYELS yia analolodofo cevaplo RCP8.5). To 2100
ol emutwoelg Ba sival o coPapéc, ELOKA cUudwva pe to RCP8.5, kabwg to 40% -
90% twv mapaAlwv otn avropivn Kol to 36% - 82% otnv Kw Ba umoxwproouv
TOUAQXLOTOV KATA TO AMLOU TOU TTAATOC TOUG, EVW To 7% - 17% otn avtopivn kat to 3% -
28% otnv Kw Ba StaBfpwbouv mARpwe. Emeldn 6Aeg ol mapalieg otn Zavropivn Kal To
95% twv TapaAlwy ™G Kw oploBetolvtal amd MapdKTloug KpNUVOUC /Kol TTApAKTLEG
urtodouEg, dev SLABETOUV €MApPK XWPO Yld va UTIOXWPNOOUV TPOG TtV &npd. Q¢ &k
TOUTOU, Ol TAPATAVW EKTWUNOELS Ba 0bnynoouv e CUPPIKVWON TWV TIAPOALWY Kal
poviun SlaBpwon.
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Sxnuo 4. MpoBAEYeLg mapaAiaknc umoxwpnong o€ axean (%) Ue To UEY. TTOPAALOKO TTAATOG, KATW
arto RSLR yia t (a) Zavropivn kat (b) yia Kw.

Fig. 4. Projections of beach retreat in relation (%) to the beach max. width, under RSLR for (a)
Santorini and (b) Kos.

Projections of long-term beach retreat

In 2050, under long-term RSLR, it is predicted that up to 60% of beaches in Santorini
and 70% in Kos will permanently retreat by at least 20% of their max. width (max.
prediction, pessimistic scenario RCP8.5). In 2100 the impacts will be more severe,
especially based on RCP8.5, since 40% - 90% of the beaches in Santorini and 36% - 82% in
Kos will retreat by at least half of their max. width, while 7% - 17% in Santorini and 3% -
28% in Kos will be completely eroded. Because all beaches in Santorini and 95% of Kos
beaches are backed by coastal cliffs and/or coastal infrastructure, they do not have the
accommodation space to retreat landwards. Therefore, the above estimates will lead to
beach squeeze and permanent erosion.

~6~



Ektipnon Kwdlvou napaliakig Stafpwong
Beach erosion risk assessment

NpoPAEPeLc enelocodaknc Stafpwonc

Kdtw amo ESL, ot mpoBAEPelg Seixvouv OTL OL EMUTTWOELS oTa 2 vnold Ba sivatl
KataotpodikéG. To 2050, mpoPAEmeTal OTL £wG Kal To 47% TwWV TMOPOALWY OTN Zavtopivn
Kal to 42% otnv Kw Ba katakAuoTtolv MANpwE, £€0TW KOL TPOCOWPLVA, ATIO £VA YEYOVOG
ESL mou spdaviletat pio popd ava 100 xpovia, evw {NULEG O UTIOSOUEG/TIEPLOUGLAKA
otoxela Ba mapatnpnBouv oto 13% twv mapaAlwy TnG Zavtopivng kat oto 19% tng Kw,
ocludwva PE TG LEYLOTEG TIPOPAEYELS yla To oevaplo RCP8.5. To 2100 (yia to RCP8.5) ot
ETIMTWOELG AVOUEVETAL va glval akdpn To coBapég, kabwg to 43% - 90% Twv TToPOALWY
otn Zavtopivn kat to 44% - 81% otnv Kw Ba katakAuotouv TARPWG, TOUAAXLOTOV
Mipoowpvd. EmumAéov, 1o 23% - 57% twv mapallwv otn avropivn Kat 1o 17% - 37% otnv
Kw Ba unootouv {nuLEG o€ KTipla Katl utoSouES TnG ormtoBomapaAiag (Zxrua 5).
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Ixnua 5. Arteikovifovral n mapaAilakn KatakAuon katw amod ESLigp yia () Zavtopivn kat (8) yia Kw.
SUYKeKpLUEVL artelkovi{ovTal (i) pe HAUPO XPWUA TO APXLKO UEY. TAATOC TWV MUPUALWY, UE YaAdLo
(i) To TeAiko mAdtog eéautiag tng mapadiaknc katakAvong (i) n kaAvyn (%) twv vmodouwyv miocw
aro v kade napadioa. Ot apvnTIKEG TIUEG UTTOSNAWVOUV UTTOXWPNON > TO UEY. TAATOG.

Fig. 5. Projected beach retreat/inundation for (a) Santorini and (b) Kos, under ESLip is shown
together with the recorded coverage of frontline backshore assets (as a percentage of the beach
length); the current (initial) BMWs (black bars) are compared with those resulting from the beach
retreats (blue bars); negative values indicate beach retreat more than the current BMW.

Projections of episodic beach retreat

Under ESL, the results show that the impacts on the 2 islands will be devastating. In
2050, it is projected that up to 47% of the beaches in Santorini and 42% in Kos will be
fully inundated, even temporarily, by an ESL event with a 1 in 100 years return period,
while damages to infrastructure and assets will be observed on 13% of Santorini beaches
and 19% of Kos, according to the max. projections for the RCP8.5 scenario. In 2100
(under RCP8.5) the impacts are expected to be even worse, since 43% - 90% of the
beaches in Santorini and 44% - 81% in Kos will be fully inundated, at least temporarily. In
addition, 23% - 57% of the beaches in Santorini and 17% - 37% in Kos will suffer damages
to backshore buildings and infrastructure (Fig. 5).
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lepdpxnon Twv napaAlwv HE BAoN TRV TPWTOTNTA TOUG oTh StaBpwon
Prioritization of beach vulnerability to sea level rise

AvamtuxOnke lepapxlkd TAQIOLO TOU KOTATAOOEL TIG Tapoiieg pe Pdaon Tnv
KpLoldTnTa Toug yia AN TPOCTATEUTIKWY HETPWY, XPNOLUOTIOLWVTOC TTOAUKPLTNPLAKEG
puebodoug (AHP, TOPSIS, PROMETHEE II) kot cuvdudlovtog KpLtiplo mou UToSELKVUOUV
TNV KOLWVWVLKO-OLKOVOULKA Kal TieplBallovTiky toug aia, kabwe Kal TNV TPWTOTATA TOUG
otnv npoPAenopevn Stafpwon. Katd oepd ol mapahiieg Kapdpt, MNepiooa kat BAuxada
otn Zavtopivn kat ot mapaiieg Mapudpt, @dapog kat Kapdapawva otnv Kw, napouciacav
otafepd TG uPpnAdtepeg Babuoloyieg (Zxnua 6), umodnAwvoviag OTL €lval oL To
evaAwteg otn SLaBpwon kat, Ba mpémnel va Bplokovtatl uPnAotepa otn Alota yla pétpa
T(POCAPHOYHAG.
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Zxnua 6. Ta moAvywva twv napaAiwv e (a) Savropivng kat (c) Kw. Baduoloyisg katataéne twv
napaiiwv e (b) Zavropivng kat (d) Kw, omou ekeives ue tnv uPnAotepn katataén eugavifovrol
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Fig. 6. Beach polygons for (a) Santorini and (c) Kos. Ranking scores of the beaches of (a) Santorini
and (c) Kos. The beaches with the highest ranking are shown in red.

A prioritization framework has been developed that aims to make the best decision
for the selection of the most critical beaches requiring protection, using multicriteria
methods (AHP, TOPSIS, PROMETHEE Il) and combining criteria that indicate the socio-
economic and environmental value of the beaches as well as their vulnerability to CV&C.
In order, the beaches of Kamari, Perissa and Vlychada in Santorini and the beaches of
Marmari, Faros and Kardamena in Kos consistently showed the highest scores (Fig. 6),
suggesting that they are the most vulnerable to erosion and should be higher on the list
for adaptation measures.
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AuTtovopo OmTiko Zuotnpa MapoakoAoOnong Twv opaAwv
Autonomous Optical System of beach monitoring

M amo T kawvotopieg tou €pyou MARICC ATav n avamtuén evog MpwTomopLakou
OmTIkoU ocuotiuatog udiouxvng mapakoAolBnong twv mapadwyv. To oclotnua
amoteleital and Bvteokauepeg, KataAAnAa tomoBOetnuéveg, BabBUOVOUNUEVES KOl YEW-
avadepuéveg, Kol ouvbebepéveg pe umoloylotr (otabuog mediou) pe poviun cuvdeon
oto Owadiktuo. To ouoTnua €ilval OUTOVOUO Kol OXeSLOOUEVO €TOL WOTE va
petadépet/apyelobetel ta ontikd dedopéva oe Baon Sedopévwy (IxAua 7). Méow tng
autopatonolnuévng anobrnkeuvong/enefepyaciag twv dedopévwy Sivetal n Suvatotnta
HaKpOXPOVNG TOPAKOAOUONONG TWV TAPOALWY HE HEYAAN XWPO-XPOVLKN SLAKPLTIKOTNTA.
JUVEMWG, amovtd otn HeyaAn mpokAnon tng uiouxvng mapakoAolBnong tng
popdoduvapikng €€EAENG Twv TOPOALWY, TOU aAmoTeAOUV amd Ta TAEOV SUVALIKA,
kpiowpa kat evaiocOnta otnv KALLOTk allayr, olkoouoTtuata tng mapdktiag {wvng. To
clOTNUO EYKOTAOTABONKE OTIC TUAOTLKEG Ttapadieg Kapdpt kat Mappudpt.
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Sxnuo 7. Atdypappio porig Tou OnTikoU GUOTHUATOG TapakoAoudnong mapaAiwy.
Fig. 7. Flow chart of the beach monitoring optical system.

An important innovation of the project MARICC is the development of a low cost,
automated, high frequency beach monitoring system. The system consists of integrated
video cameras suitably located, calibrated and geo-referenced that record time series of
shoreline positions, wave breaking zones and run-ups. Following automated pre-
processing at the field station PC, the imagery is transferred via an internet link to the lab
for archiving, final processing and storage (Fig. 7). The system can answer the Data
Resolution Challenge with regard to the long-term, high frequency monitoring of the
beaches, which form the most dynamic, critical and sensitive to climatic change coastal
ecosystem. The system was installed at the pilot beaches of Kamari and Marmari.
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Autovopo Ontiko Tuotnua NMapoakoAolOnong Twv mopaAlwy
Autonomous Optical System of beach monitoring

Ta kKUpLO MPOIOVTA TOU CUCTAMATOG €ilval oL €lkoveg TIMEX (Zxnuata 7, 8), mou
ekdppalouvv tO UEcO OGpo Kal ol IMMAX, mMou QVIUTPOCWMEVOUV TO UEYLOTO TNG
dwrtewvotntag twv 10Aemtwyv kataypadwyv. Ot TIMEX kat IMMAX gikoveg mpoablopilouv
nieplox€g vNAng onuaociag yla t popdoSuvaptky HEAETN TWV apaAlwy, Omwe tn wvn
Bpalong, Tn B€on TNG AKTOYPARMNG KAL TNG AVWTATNG KUMOTLKNAG avappixnong, n onoia
oe Babog xpovou mpoodibel tov aylald. Mia akOpa KOOoTOopia ATav n avamtuén
ypriyopwv, autopatomopévwy  oAyopiBuwv ywa  tnv - aviyveuon/eaywyn tng
oKToypOauung (Chatzipavlis et al., 2023). Edappoyn g pebodoloyiag £6el€e onuavtikn
XWPO-XPOVLKN UETAPANTOTNTA TNG AKTOYPAUUAC (ZXHa 8) Kal TOU avwTatou opiou tng
KUMOTIKAG avappixnong.
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Sxnua 8. Extiunon uetaBoAnc aktoypauung oe ewkoves TIMEX (Kauapt): (a) EAdyiotn (min),
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Fig. 8. Shoreline changes in TIMEX images extracted from the BOMS installed in Kamari beach: (a)
min, max and mean positions (b) range (max-min) and standard deviation. (c) Temporal changes in
beach gain/erosion at 6 cross-shore transects with regard to the initial recording date.

Main coastal video monitoring products include the time-averaged coastal imagery-
TIMEX and IMMAX images (Figs 7, 8). In TIMEX and IMMAX image time series, the
dynamics of significant beach features (e.g. the wet/dry beach interface, the wave
breaking zone and the upper limit of the swash zone) are recorded with the use of
specialized algorithms and image processing techniques. For the detection of shoreline
and wave run-up position, an automated procedure was developed which is fast,
processing large numbers of TIMEX/IMMAX mosaics in negligible time. Application of the
method has shown significant spatio-temporal variability with regard to the relevant
shoreline or wave run-up positions at the initial recording date (Fig. 8).



Texvnta Nevpwvika Aiktua
Artificial Neural Networks

Avamtuxnkav/Sokipudotnkay TexVIKE TPOoPAsdNng TG B€0NC TNG OKTOYPOUMUAG HE
XPon TEXVNTWV VEUPWVIKWV Siktuwv (TNA) (IxAua 9), otn PBdon mponyoUUevVwWY
npoonabswwv (m.x. Tsekouras et al., 2017; Chatzipavlis et al., 2019). Ol TEXVIKEG QUTEG
edappooTnkav oe yew-avadepuéva PeTa-6eS50UEVA TOU OMTIKOU cuotnpatog (TIMEX
Kat IMMAX €LKOVEG), TToU eyKOTAOTAONKE OTLG 2 mapalieg. Aokipdotnkav SladpopeTkol
TUTIOU TEXVIKEG VEUPWVIKWV SIkTUwV (1.x. Radial Basis Function Neural Network (RBFNN)
- Competitive Learning Network (TSK-CLN)). Enetta and tnv katd@AAnAn eknaidsuon kat
olykplon Twv TPoBALPEWV TWV SLADOPETIKWY VEUPWVIKWY SIKTUWY, GAvNKE TWE Ta
péoa TeTpaywvikd opalpata (RMSEs) eixav moAl KaAég amoSooelg (ULKpOTEPA TWV 3 M
Katd mepintwon) kot daivetal va sival e€alpetikd eAritbodopeg.
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Sxnpoa 9. Arekovion tng Soung vog TExVNTOU VEUPWVIKOU SIKTUOU TTOU Xxpnotiomoldnke ya tnv
Poyvwan the BEang tng aktoypauung, otn Baon Alywv dedouévwy eloobou-e€odou.

Fig. 9. Schematic approach showing the structure of an artificial neural network used for the
prediction of shoreline position on the basis of a few input-output parameters.

Techniques based on the development/testing of different Artificial Neural Networks
(ANNs) (Figure 9), capable of projecting shoreline position were used (e.g. Tsekouras et
al., 2017; Chatzipavlis et al., 2019). These techniques were used on the geo-referenced
metadata of the optical system (TIMEX and IMMAX timeseries) deployed on both pilot
beaches. Several Artificial Neural Networks were used (e.g., Radial Basis Function Neural
Network (RBFNN) - Competitive Learning Network (TSK-CLN)). After the necessary
training process and comparison of the results against the real recorded shoreline
positions, it was found that the Root Mean Square Errors (RMSEs) were low (even
smaller than 3 m in specific cases), showing a good performance overall.



Kowvoviko-otkovoLLkr) AvaAuon
Socio-economic Analysis

Emutomnieg €peuveg oTLg TIAOTIKEG TTOPaALeG UTTOAGYLOAV TNV OLKOVOULKN agla Toug amo
ta £€006a twv enixelpioswv oe aktiva 1 km, tv ekpicbwon atyladol-mapadiag Kal
EKTIUACELG TNG Tpobupiag mMAnpwung (WTP) twv duesca evlladepOUevwy yla thv
npootacia tng mapaliag. H etijola cuvolikn afia yia tnv mapaAio Kapdpt ektiuidnke
w¢ 100,675,669 € kat ylia to Mapudpt wg 91,326,140 €. AMNOYEG OTLG LETEWPOAOYLKEG
ouvOnKkeg (m.x. Beppokpaoia, vypacia) AVOUEVETAL VA LETABANOUV TLG TIPOTLUNOELS TWV
ETILOKETITWY KOL VO TPOTIOTIOLOOUV TLG ETILAOYEG TOUG yLa €vVaV TIPOOPLORO SLOKOTIWV.
‘Evag e€elbikeupévog BlokAlpatikog deiktng (Climate Index for Tourism — CIT, De Freitas
et al., 2008) BaBuovoundnke yia ta 2 vnold pokelévou va afloloynBei n mapelBoloa,
mapovoa Kal LEANOVTLKA EAKUOTIKOTNTA TwV MAPaBoAGCOLWY TIPOOPLOUWY TWV VNOLWV.
KAtpatikeg mpoPAEPelg Seixvouv OtL av Kat o Seiktng Bepuikng aiobnong PET (ZxAua 10)
kat o Seiktng CIT Ba petapAnbolv oto péNAOV, N €AKUCTIKOTNTA Kol ota 2 vhold Ba
ou€nOei yevikad Aoyw Kuplwg tng mbavrig Slelpuvong TS TOUPLOTIKAC Tteplodou.
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Sxnpa 10. Katavoun eupoug Yepuokpactwy tou Seiktn Jepuiknc aiodnong PET mou unoAoyiodnke
yla tn epiodo Anpidiou-OktwBpiov yia ta €tn 2020-2022 kat yia ta 2 vNold.
Fig. 10. Distribution of the temperature range of the thermal sensation index PET in both islands

covering the touristic period (April-October) of 2020-2022.
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The value of the pilot beaches was estimated from the revenues of the companies
within a radius of 1 km, from the revenues from the lease of the seashore and from the
estimation of the willingness to pay (WTP) of those directly interested in the protection
of the beach. The annual total value for Kamari beach was estimated at € 109,092,705
and for Marmari at € 91,164,005. Changes in the meteorological conditions (i.e.,
temperature, wind, humidity, cloudiness and precipitation) are expected to alter the
preferences of beach visitors and modify their choices for a holiday destination. A
specialized bio-climatic index (the Climate Index for Tourism — CIT, De Freitas et al., 2008)
was calibrated for the 2 islands in order to evaluate the past, present and future
attractiveness of the island beach destinations. Both the thermal sensation PET index
(Fig. 10) and the CIT are expected to not be significantly altered in the future. A slight
increase of the CIT is projected for specific months during the touristic season for both
islands, which is expected to enhance the overall attractiveness of Kos and Santorini.



UVNTLKI) GUVTOVLOTIKN opdda — Research coordinating group

O ouvtoviopog tou €pyou MARICC mpaypatonolibnke amo Ty €PEUVNTIK opada
“NMapaktiac Moppoduvauikng-Ataxeipione & Oaldooiag lewAoyiag” tou TUAUOTOG
Qkeavoypadiag kot Oalacoiwv Blosmotnuwy (MavemiotApo Awyaiou). H gpsuvntiki
Spaotnplétnta tng opadoag sotidaletal otn PeAETN TNG SUVAULKAG Kol Slaxelplong g
TapAKktTog {wvng Kat Twv UKWV TOpWVY TNG. AlaBEtel olyxpovo €SOTALOUO OTWG
peupatoypadoug ADVs, ADCPs kat ECM, OBSs, RTK-DGPS, emiyelo oapwtn,
udpoypadikd BuBouETPo, NXOBOALOTEG TAEUPLKAG OAPWONG KAl OKOUOTIKO Topoypddo
TuOUEVA, POOUETPA, oTadunypddous, OAOKANPWUEVO CUCTAUOTA KOUEPWY KAOwWE Kot
oUYXPOVEC UTIOAOYLOTIKEG UTTOSOUEG (Zxpa 11). H opdda £xel avarmtuéel/Behtiwoet 1-D,
2-D kat quasi-3-D povtéha mpocopoiwong Tng mopaktag HopdoSUVAUIKAG KOl TNG
motauLog udpoloyiag kot yewxnueiag. Exet avarmtiéel véeg uebodouc uicuyvng omTikng
mapakoAoUBNoNG TNG QKTOypauung kot  Aoylouikd vy (i) v avdiuon
vdpoduvapkwv/nuatoduvapkwy mapatnprioswy, (ii) tnv enefepyacia sikdvag kat (iii)
NV eKTUNON ™G MapaAtakng omoBoxwpnong Aoyw avodou tng BaAdocolag otadung
XPNOLLOTIOLWVTOG CUCTOLXLEG LOVTEAWV.

Zxnua 11. Epyaociec nediov kat E€omAtouoc - Fig. 11. Field work and equipment.

The MARICC project was coordinated by the Research Group of “Coastal
Morphodynamics-Management & Marine Geology” of the Department of Marine
Sciences, University of the Aegean. The research interests of the group focuses on the
study of the dynamics and management of the coastal zone and of its natural resources.
The research group owns/operates state-of-the-art field equipment such as ADVs,
ADCPs, ECMs, OBSs an RTK-DGPS, a terrestrial laser scanner, hydrographic echosounders
and side scan sonars, a sub-bottom profiler (boomer), water level sensors, open stream
flowmeters, integrated video camera systems and advanced computational facilities (Fig.
11). The group has developed/modified 1-D, 2-D and quasi 3-D models for the simulation
of coastal hydrodynamics/morphodyanamics and river hydrology and geochemistry. It
has also developed new methods for high frequency beach monitoring and software
toolboxes for (i) the analysis of high frequency hydrodynamic observations, (ii) image
processing, and (iii) the estimation of beach retreat under sea level rise.
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