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KAlpatikil AAAayn Kot Ta aKpoiot KALHATLKA PpaLvopEvaL:
O peyaAUTEPOC OLKOVOULKOC KivOuvoc

W Flood

W siorm

B Earthquake

B Extreme temperature
M Landslide

B Drought

W wildfire

W Volcanic activity

71.6 % twv Kataoctpopwv 1998 — 2017
AOYW LSPO-UETEWPOAOYLKWV OKPALWV

dawopévwv

World Economic Forum 2019: Global Risks
Perception Survey
http://www3.weforum.org/docs/WEF_Global_Ris
ks_Report_2019.pdf
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NapaAiokn dtaBpwon

OL aKTEG Kal Wolaitepa oL mapaAies (YUUNAEC AKTEC KTLOMEVEC O YaAopa npata), Oa
gxouv peylotn €kBeon otn KApatiky MetaBAntotnta kot AAAayn (KM & A)

H dtaBpwon odnyeital ano

— tnv avuPwon tne péong Baldoolag otadunc (mean sea level rise-SLR, poviun
StaPfpwon) kot

— aKpaLeq otaBpuec (extreme sea levels- ESLs, (mapodikn? dtaPpwon), SnA. to abpolopa
NG HEoNC oraeunq, NG acrpovouLan KoL ustswpo)\oytknq naAippotac (storm surge)
KOl TNC TIAPAKTLOG KUMOTIKAC avupwonc (wave set up)

Ot rtapaliec amoteAoUV Tov peyAAo dUOLKO TIOPO TWV TIOLPAKTLWY TIEPLOXWV KOl
WSLaitepa Twv viowv. Exouv oAU vPnAn ndovikn aio Kot olKOVOULKO SUVOULKO AOyw
tou 3S (Sun- Sea -Sand) touplopoU —)>

H Staxeipion tng dtaPfpwonc katw aro tn KM & A amnottel mAnpodopia yia
— TLG UTTAPXOUOEC SLAPPWTLKEC TAOELC KoL )

— TIPOYVWOELG ™G TIOPAALAKNC uopcboéuvautkr]q ILE uopcbo&uvautka LLOVTEAQ- O€
LEYAAEC XWPLKA EPAPUOYEC, CUOTOLXLEC LOVTEAWV ELVOLL TIPOTIUNTEEC



Napalicg: Katavoun kat tacelg dStafpwonc
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Global distribution of sandy shorelines (% of the coastline). Underlined percentages indicate the
averaged percentages of sandy shorelines per continent (Luijendijk et al., 2018, Nature SRs).

lotopikad dopudopikd dedopeva £6eLéav dtafpwon yia 24 % Twv AUPwWOWV TTapaALwY
(> 0.5 m/yr) ko anoBeon yia 28 %- 48 % eival otabepec (Luijendijk et al., 2018)

Ouwce, mpoBAnua xpovikng dtakpitikotntag (The ‘Data Resolution’ Challenge) i



Mpoyvwoelc napaAiakic Stafpwonc: MeBodoloyko MAaioto

Geo-spatial information from
historical (satellite) information:
Dimensions, sediments, density
of backshore development etc)

Trends and projections of
mean and extreme sea
levels

L

Projections of beach exposure
under CV & C with
morphodynamic model
ensembles

Prioritization of beaches beaches
for detailed risk assessment,
technical responses and cost

benefit (multi-criteria) analysis

Wave forcing (from
models and/or data
bases




Npoyvwoelc mapaAiakng Stafpwonc katw ano tn KM & A pe
ouotolyiec LopPOoSUVAHULKWV LOVTEAWV

Xpnolpormotlouvtoal

(i) Makpoxpovia cuotolyia (SLR) 1-D avaAutikwyv povteAwv (povtéla Bruun
(1988), Edelman (1972) and Dean (1991)); kau

(ii) Bpaxuxpovia cuotolyia (akpaia pawvopeva) 1-D aplBUNTIKWV LOVTIEAWV
(SBEACH (1989), Leonty’ev (1996), XBEACH (2009), and a Boussinesq (e.g.
Vel kis et al., 2016, Natural H ds 83 (S1) 201-222
elegrakis et al., , Natural Hazards 83 (S1) )
Ta povteAa tpExouv yla dtadopa oevapla avuPpwong Baldoolag otdbung
(SLR) kot KUpHATIKWY ouvBNKwV, TIapaALlaKwV KALOEWV Kal peyebwv
LNUATWV* €TOL, TTOPAYETAL EVPOC TIPOYVWOEWV.

OL LECEC LEYLOTEG KOl EAAYLOTEG TIPOYVWOELC TWV LOVIEAWV TNG cuoTtolyiag
ouyKpilvovTal PE Ta pEylota apoAtakd mAdtn (BMWSs) yia tnv extipnon
¢ SaBpwong



NapaAiakn StaBpwon katw amnd tnv KM & A os mepidepetakn
KAipaka (10s -100s km aktic)

Extipnon pe kaBoplopévn odnynon (mpooeyyion katwdpAtov- USACE)

Extipnon pe mBavoloyikeg (probabilistic ) odnynoelc (akpaio patvopeva)
le StadpopeTikeC eplodouc ertotpodnc, 1.X.100 £tn. AnapoaltnTeg yo tnv
EKTLUNOELC Kvduvou (risk) yia Spaoelc mpooappoyng >



Mpoyvwoelg mapaAlaKkng Stafpwonc oo akpaileg oTAOUEC/KUUATIOHOUG
(ka@oplopévn odbnynon- Npooéyyion USACE)
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Mpoyvwoelg mapaAlaKkng Stafpwonc oo akpaileg oTAOUEC/KUUATIOHOUG
Ektipnon pe miBavoloyikég (probabilistic ) odnynoeig
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Cyprus: Major administrative boundaries, cities, transport network,
rivers and dams. Beaches with their maximum widths recorded in this
study are numbered clockwise from the eastern UNAZ border. Inset
shows the generaliesd geology (unpublished data)



NapaAisg Kumpou: Taoelc dtaBpwong
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Beach delimitation in the historical imagery of (i) a

southern beach (ID 27) and (ii) a northern beach (ID 222).
The differing landward boundary position in (i) is due to
changes in vegetation coverage. There are apparent area
losses in both embayed beaches, but the beach maximum
widths (BMWs, stippled lines) of the ‘dry’ beaches have

not changed significantly.
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Historical changes in the (a) recorded BMW and (b)
frontline backshore urbanization, i.e. in the density of
the frontline assets as a percentage of the beach length.
Changes shown are between the oldest and the most
recent good quality beach images available.



Mpoyvwoelg akpaiog oTadung/KUHATIONWY

Mpoyvwoelg akpaiag otabung kot kupatiopwyv (RCP4.5 kot RCP8.5 yia kdBe xpovo
HEXPL To 2100) cupdwva pe toug Vousdoukas et al. (2018)

e [lpoyvwoelc SLR amo Jevrejeva et al. (2016).

e  To povtého DFLOW-FM xpnotpomnolifnke yia tnv ektipnon aAAaywyv otn
naAippola Aoyw tn¢ SLR o€ ouykpton ue to 2000 (baseline)

e Yoc petewpoloyknc taAippotac (storm surge) amo npocopowwoels (LOVTEAO
DFLOW-FM, ob6Aynon amnoé cuototyio 6 poviéAwv amno tnv CMIP5 database)

e Kupatiopoti amnd npoocopolwwoelc (Loviého WAVEWATCH Ill, odriynon amno
cuotolyia 6 povteAwv amo tnv CMIP5 database)

e  Re-analysis (1980-2014): o6nynon amno ERA-INTERIM debouéva

e  Kupatwkn avuopwon (wave set up) cupdpwva pe CEM (2002) (0.2 x Hs).

AmtoteAEopaTo: XpOVOOELPEC CUVIOTWOWYV TOU ESL KOl KUMOTIOUWYV yLa KaBe 25 km
OLKTOYPOLUUAG

AvAAuon akpoilwy TIHWV E6WOE TIPOYVWOELC yla akpaia cuppfavta (1-, 5-, 10-, 20-, 50-,
100- and 200—year events).

Monte Carlo simulations



Mpoyvwoelc akpaiag oTAOUNC Kol KUUOTIONWVY

33000 34000 ‘ ‘ 33000E ‘ 34900 . — ESLo —ESLso — ESL10o
A RCPB.5, 2030, T;=1/100 270,035 | A RCP8.5, 2030, T;=1/100 2700033 | 2n ' o ‘ "
N s 200 N s o RC
-%__f"'” 250 , 257 |

3! SO.OOIN

:
%r Hs (m)
- 095-12| m098-1.2| "W HEITTRE R b et NI Y PR L e e e s et
=12-14 - 12-14
ey e 1.4-16 1416 B
Tamraphlcda!a 60 0 25 50k = 16-18 = 16-18 5
Exploration, Agency (JAXA) e m— 1) - 18- 2-[04 119;211,6, Q 1 01
; - E
A | 5
[0
N J;;;- o ] |
L 10— 10— N L

8=

2000 2020 2040 2060 2080 2100 2000

35°00'N

2020

2040 2060 2080 2100

Year Year
) Time evolution of ESLs) (a and b); and their
i corresponding return periods (c and d)
| Topographic data: | Topographic data: - = 16-18 . . .
e S o SR o —=—"= ais2/  compared to their baseline return periods
- L for the 10- 50- and 100-year events, under
Lo~
RCPA4.5 (a and c) and RCP8.5 (b and d).
Predictions shown are for all beaches
«  (which explains the spread of the results).
ESL(m) | Hom) 5
= 0.95-1.2] = 0.96-1.2
m12-14 m12-14
14-186 e 14-186
SRR, S LR o e
33000E 34°00'E 33900 34900'E
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(Hs) for different dates under RCP8.5.



Maximum width (m)

Mpoyvwoelg mapaAlaKkng Stafpwonc oo akpaileg oTAOUEC/KUUATIOHOUG
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Shoreline retreat
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current maximum
width)
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Retreat estimations for the 325
beaches under the 100-year ESL
(RCP4.5) for 2050.

The retreat shown is the minimum
projected retreat (% of the present
beach maximum width (BMW).

Lower panels: the minimum (a)
and maximum (b) retreat (2050)
of all beaches and recorded
density of the frontline backshore
assets (% of the beach length)

The current (initial) BMWs (black
bars) are compared with those
resulting from beach erosion (blue
bars); negative values indicate
total beach erosion (and damages
to backshore assets).




Mpoyvwoelc dtaBpwonc twv Kumplakwv napoaAiwv (KM & A)

MeyaAec eruntwoelc amno to 2030 (RCP4.5).

To 2050 (ouvtnpNTLKEG EKTLUNOELG), 59 % Twv nmapaAlwyv Ba xacouv
TouAaxlotov to 50 % tou onuepvol BMW and 24 % to 100 %, katw oo To

ESL100.

To 2100, ol enunttwoel Ba eival KataoTpodLkeC. To 32 — 89 % twv Kumplakwv
nopoAlwyv Ba StafpwBoulv teAeiwg

H dtaBpwon Ba eival rto peyaAutepn oto B. Kumpo
Ta anoteAéopata pmopouv va xpnotpornotn8ouv ya 1.x.
® TNV EKTLUNON TOU TIOPAKTLOU TIANUUUPLKOU Kivduvou (Odnyia 2007/60/EC)

* Tnv oploBetnon (wvwv omntcBoxwpnong (set back zones, Article 8.2 ICZM
Protocol to the Barcelona convention)

OL MPOYVWOELC aKpalog oTAOUNC/KUUATIOUWY Kol UE TTANUMUPLKA LLOVTEAQL
LLTTOPOUV VO XpNoLpomnotnBouv Kal yla TTpoyvVwoEeLS TANUUUPLKOU KlvdUvou
nopaktiwy urtodopwv (rt.x. Monioudi et al. 2018, Regional Environmental
Change 18, 2211-2225).



Mpoyvwoelc MANHUUPOC TIOPAKTLWY UTTOSOMWV

S
o G

g e 2.
. :j’_,‘,o ' 500m qugle{E

" ESL100 (2100, RCPS.5)

L4 GoogleEarth

ESL100 (1.5 °C, 2030)

Inundation of Sangster International
Airport (SIA) (a, ¢, ) and Norman
Manley International Airport (NMIA)
(b,d, f) under the 100-year event
and1.5 °C SWL (a, b), the 50-year
event in 2050 under RCP4.5 (c,d), and
the ESL100 in 2100, under CP8.5 (e,
f).

Inundation simulations by Lisflood-
ACC (LFP) model.

DEM resolution is of about 5 m. DEM
was orrected for vertical biases;
elevation is expressed relative to MSL
=0

(Monioudi et al, 2018 Regional
Environmental Change 18, 2211-
2225)
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Super Paradise (Mykonos). A pocket
beach with an extreme economic
potential. Min. earning of Greek
beaches €1400/m/yr (Velegrakis et al.,
2005). This beach, €60000/m/yr.

Hainan island beach, China




1968-2006  2006-2008
6 meter depth
s Profile

Shoreline change
w20 meter erosion [
= 20 meter accretion

Land Cover

[ coral

[ Dense seagrass
[[] Patchy seagrass |

100 meter

Negril beach (Jamaica) provides about 8 % of Jamaica’s GDP, but it
erodes by 1 m per year for the last 45 years. Conservative projections
suggest complete beach erosion by 2040, due to SLR and storm
surges/waves (Peduzzi P.,, Velegrakis A.F., Estrella M. et al. 2013. In
FG Renaud et al. (eds): The role of Ecosystems in Disaster Risk
Reduction, UN University Press, 109-139.)




High Frequency Optical Monitoring System: Installation and Setup
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Optical Monitoring System: Installation and Setup

hydrodynamic stuff..

bathymetry

beach topography

ground control points

lens distortion

focus/zoom/view field

PC & network setup

camera post




Optical Monitoring System: Basic products

Gerakas, Zakynthos Kalo Livadi, Mykonos

TIMEX
SIGMA
Recording schedule: 10 min/h @5 fps
== 3000 frames/h
Snapshots




Spatio-temporal variability of shoreline: A sampling resolution problem

Example state: 2016.06.26, 11:00 Example state: 2016.12.31, 11:00
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E _ XEpoaiec 06eUOEC
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Analysis period: 2016.06.26 to 2016.12.31 | Mosaic shown: 2016.06.29, 14:00
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animation
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Kamari Santorini 2016
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Ot uiouxvec popdoroytkéc aAAAYEC KOl KUMOTIKEC XPOVOOELPEC amoTteAoUV inputs kat outputs ANNs
ywa popdoduvapikég npoyvwoelg: RMSEs < 2.7 m (Tsekouras et al., 2018, Neurocomputing 280, 32-45,
Chatzipavlis et al. 2019. Neural Computing and Applications)




Elevation (m)

Predictions of beach retreat under storm surges: Model validation

Elevation (m)
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Monioudi et al., 2017, Natural Hazards and Earth System experiment --8.66 m).

Science 17, 449-466.
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Mpoyvwoelg mapaAlaKkng Stafpwonc oo akpaileg oTAOUEC/KUUATIOHOUG
Ektipnon pe miBavoloyikég (probabilistic ) odnynoeig

ESL (m)

AESL (m)

AESL (m)

Present global Extreme Sea Levels (ESLs) and changes under climate change. Maps show the
median present-day 100-year ESL (a) and the projected changes in ESLs,,, (median) under RCP4.5

(b) and RCP8.5 (c) by 2100 (Vousdoukas et al., Nature Communications 2018).
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