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rischio costiero da mareggiata a scala Europea ‘n

ANYWHERE

* Le inondazioni costiere sono uno dei principali pericoli naturali che
determinano impatti sociali, economici e ambientali (Hinkel et al., 2014).

Il fenomeno della storm surge-acqua alta, € la causa principale delle alluvioni
costiere (Resio, 2012).

COASTAL EROSION

= French Coast Xynthia storm Feb-2010

COASTAL FLOODING

UK east coast Xaver storm Dec-2013 ‘

N

 Con l'aumentare dello sviluppo della fascia costiera il rischio aumentera,
aumentando gli elementi esposti, aldila che aumentino le forzanti
(mareggiate) come frequenza o intensita

Ciavola cvp@unife-Armaroli
clara.armaroli@iusspavia.it



‘ Cosa ci aspetta fino al fine del secolo ? “
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Trend di aumento delle acque alte (% variazione nell’apparizione di eventi estremi)

Vousdouskas et al. (2016)

Ciavola cvp@unife-Armaroli
clara.armaroli@iusspavia.it



¢

The Disaster
Management
Cycle

N

Source: Van Dongeren, A., Ciavola, P., Martinez, G., Viavattene, C., Bogaard, T., Ferreira, 0., Higgins, R. and McCall, R.: Introduction to
RISC-KIT: Resilience-increasing strategies for coasts, Coast. Eng., 134, 2-9, doi:10.1016/j.coastaleng.2’,,017.10.007, 2018.

Ciavola cvp@unife-Armaroli
clara.armaroli@iusspavia.it



WWW.micore.eu

MICORE

micore
Morphological Impacts and COastal Risks
induced by Extreme Storm events

Paolo Ciavola, Project Coordinator

Morphological Impacts
and COastal Risks induced
by Extreme storm events
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\T,z Schema di catena operativa

Ciavola et al.
(2011)

Storm impacts
along European
coastlines. Part
2: lessons
learned from
the MICORE
project.
Environmental
Science & Policy
doi:10.1016/
j.envsci.
2011.05.009

Morphological forecast model

Results: H,, Water Level, Digital
Terrain Model, Currents

Dike Breaching Module

Translation Module
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’Q La catena operativa in Emilia-Romagna

COSMO-I7
(atmosphere)

..} S ' ' XBeach
ROMS R 4T (hydro/morphodynamics)
(sea surface elevation)

drpae NRegioneEmiliaRomagna -

emilia-romagna

FEp
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YsTevs

4 ()
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) La catena operativa in Emilia-Romagna
\J

X-Beach model Run Date: 27-O1t-2018

/ o ‘\\/ Veneto Indicators
’&2~M = \-"“? delodra /
pd —. J( T "~Mln8w01

Show SCW
— Sey
;~' lr\ / Show BWD
K -y >
= o Seaed { Show both |
NG { MinBWD:20m
Y : SCW - Safe Corridor Width
Pnnw Comacch .
M\ b \ Objective: Prevent loss of iife due to
Motifela — o) MINSCW-30'm s hazardous maritime conditions
Argenta
9 1 BWD - Bullding-Waterine D
gw-o 2
ha : : Prevent marine flooding of
bulldings due to high water level andfor run«
2 up conditions
o

m‘c\r‘\(xo
5';'?‘"_“"9' Min BWOD: -1.0m
Mariny

%
N

“ Min BWD- 6.0 m

y :
- ' { Rimini
o \
¥ el ] A
o Sam Phel I f _Serraville Catalica
2o e : San Marino &9\
\ 8P 7% e _gns” N o Peﬁ\w\

{~ Mto Nnhmam J ' .
N delie Foceste J Fana,
“Cosentines. L | ; NN
Dats CC-fy-SA by OpenStreetMap Coordinate WGSS4 UTMI2: BO3TIY. 4077961

arpae ERegioneEmi]ia:Romagﬂa

emilia-romagna

Ciavola cvp@unife-Armaroli
clara.armaroli@iusspavia.it



QQ La sfida per chi & in prima linea

Emilia-Romagna Sea-Flood 5 February 2015
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%ANYWHERE Multi Hazard Early Warning System
MH-EWS products
here-h2020.eu/catalogue

Products and algorithms Contact

HAZARDS

Meteorological forecast and Floods, flash-floods, debris flow Heatwaves and weather-induced
nowcast and landslides health impacts

Weather-induced forest fires Convective storms, severe Snowfall
winds
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QQ Il sistema a scala Europea

ECMWF FORECAST

33 H!m}'é!

STORM
~ SURGE LEVEL
(SSL)

HISTORICAL
HINDCAST

VERY HIGH

Try(<=SSL<Tr . .
50 100 Comparison with the storm surge

level for different
return period (Tr=[5,10,20,50,100])

TI‘20<=SSL<Tr50 MEDIUM

Tr,o<=SSL<Tr,,

Ferndndez-Montblanc, T., Vousdoukas, M. I., Ciavola, P., Voukouvalas, E., Mentaschi, L.,
Breyiannis, G., ... & Salamon, P. (2019). Towards robust pan-European storm surge
forecasting. Ocean Modelling, 133, 129-144. doi:
https://doi.org/10.1016/j.0cemod.2018.12.001

VERY LOW
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~%% Il sistema a scala Europea >

ANYWHERE
CIRCULATION MODEL . SPECTRAL WAVE MODEL.
SCHISM (zhang and Baptista, 2008), g, WWMIII (Roland et al., 2012)

>

* 2D Barotropic model * It solves wave action equations

* Semi-Implicit AT=400 S
* Unstructured mesh
* Number of nodes: 339138

* Tide: Open boundary (Tidal
constituent from FES2012) and
tidal forces.

* Atmospheric forcing: ECMWF
(ul0, v10 and MSL pressure)

* Resolution: ~70 Km(Greenland)
-~ 10 Km (eurpean coastline)

* Wave forces from WWMIII

*Source terms growth /
dissipation ST4 (Arduin et al
2010).

* Bottom Friction JONSWAP
Shallow wave breaking (0.78)

. * Number of directional bins 24
* Number of frequency bins 24

~ * Nonlinear 4-wave interactions
DIA (Hasselman et al, 1985)

* Elevation and current from
SCHISM

A

* Surface stress wave dependent

Fernandez-Montblanc, T., Vousdoukas, M. I., Ciavola, P., Voukouvalas, E., Mentaschi, L., Breyiannis, G., ... & Salamon, P. (2019).
Towards robust pan-European storm surge forecasting. Ocean Modelling, 133, 129-144. doi:
https://doi.org/10.1016/j.0cemod.2018.12.001
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"% Test mareggiata 28 ottobre 2018-altezza Ve
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\ Test mareggiata 28 ottobre 2018-altezza VY
d’onda e livello
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¢

The Disaster
Management
Cycle

N

Source: Van Dongeren, A., Ciavola, P., Martinez, G., Viavattene, C., Bogaard, T., Ferreira, 0., Higgins, R. and McCall, R.: Introduction to
RISC-KIT: Resilience-increasing strategies for coasts, Coast. Eng., 134, 2-9, doi:10.1016/j.coastaleng.2’,,017.10.007, 2018.
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’,5 Prevenzione: valutazioni di vulnerabilita e rischio

Sea

J) e\ ,(1 fl‘ P /A )b)
COASTAL RISK ASSESSMENT FRAMEWORK -

Coast

l PHASE 1

Identificazione di aree sensibili
CRAF 1
Sea (Hotspots) a scala regionale
@J o Sth @ Classificazione degli hotspot in base
Potential Coast  pgiential
Mol ot CRAF 2 | all'impatto di eventi estremi (dove
‘ PHASE 2 . . .
intervenire prima)
Hotspo RISC-KIT
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ﬁ CRAF 1 - metodologia

RISC-KIT
Interazione con gli utilizzatori finali (ER SGSS)

La costa e stata suddivisa in settori di ~1km di lunghezza
E’ stato scelto un profilo rappresentativo per ogni settore

O O O O

Modelli semplificati per erosione e inondazione
(in_CoastFlood, T10 e T100, Perini et al., 2016 e 2017)

|dentificazione degli elementi esposti nelle zone inondate

O

o Approccio basato su un indice costiero (Coastal Index)

Cl = II(ih * iexp)]]g

C. Viavattene, J.A. Jiménegz, O. Ferreira, S. Priest, D. Owen, R. McCall, 2018. Selecting coastal hotspots to
storm impacts at the regional scale: a Coastal Risk Assessment Framework, Coastal Engineering, 134,
33-47. https://doi.org/10.1016/j.coastaleng.2017.09.002
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\34;) Indicatore di pericolosita - hazard

1

CI = [[(ip * lexp) ]2

Indicatore di
pericolosita

(erosione e

inondazione)

Perini, L., Calabrese, L., Salerno, G., Ciavola, P., Armaroli, C. (2016). Evaluation
of coastal vulnerability to flooding: comparison of two different
methodologies adopted by the Emilia-Romagna region (Italy). NATURAL
HAZARDS AND EARTH SYSTEM SCIENCES, Volume 16, Issue 1, p. 181-194.
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#2 Indicatori di esposizione - exposure ":%r

1= [l

lexp = [[(lexp—LU *lexp—pPoP * lexp-TS * lexp—UT * lexp—BS)]]

Lo Lo

1/5

Uso del Popolazione Sistemi di Attivita
suolo reti (gas, economiche
\ 4 acqua, luce)
Sistema dei
trasporti

C. Viavattene, J.A. Jiménez, O. Ferreira, S. Priest, D. Owen, R. McCall, 2018. Selecting coastal hotspots
to storm impacts at the regional scale: a Coastal Risk Assessment Framework, Coastal Engineering, 134,
33-47. https://doi.org/10.1016/j.coastaleng.2017.09.002
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@ |dentificazione degli hotspots e selezione per la fase 2
——

Flooding Impacts 1946-2010 Erosion Impacts 1946-2010

e 0-5 o 0-5
® 6-10 O 6-10
@® 1-15 O 11-15

@ -2

CRAF Phase 1 - Flooding T100 }
I Critical

Not Critical

O 16-20

CRAF Phase 1 - Erosion T100

Bl Critical
Not Critical

C. Armaroli, E. Duo, 2018. Validation of the Coastal Storm Risk Assessment Framework along the Emilia-Romagna coast,
Coastal Engineering, 134, 159-167. https://doi.org/10.1016/j.coastaleng.2017.08.014
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@ |dentificazione degli hotspots e selezione per la fase 2
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C. Armaroli, E. Duo, C. Viavattene, 2019. From hazard to consequences: evaluation of direct and indirect
impacts of flooding along the Emilia-Romagna coastline, Italy. FRONTIERS IN EARTH SCIENCE, GEOHAZARDS

AND GEORISKS, https://doi.org/10.3389/feart.2019.00203
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Modellazione di inondazione e erosione con i modelli XBeach e
LISFLOOD-FP
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C. Armaroli, E. Duo, C. Viavattene, 2019. From hazard to consequences: evaluation of direct and indirect s
impacts of flooding along the Emilia-Romagna coastline, Italy. FRONTIERS IN EARTH SCIENCE, GEOHAZARDS RISC-KIT

AND GEORISKS, https://doi.org/10.3389/feart.2019.00203
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Vulnerability indicator

Direct impact Indirect assessment Impact indicator

Time in Alternative Household
Accommodation Displacement

Households N\ Flood depth damage Households Insurance Matrix Houscre{hold Financial
Building collapse ECOvEry
Businesses - . Reinstatement time .& Regional Business
. Businesses Business Supply Chain . .
Erosion . Disruption
Analysis
Others /|
Others . Business Financial
Insurance Matrix
Recovery
Ecosystems Ecosystem
Ecosystem Recovery
Risk to Life Risk to Life
Reinstatement 'Eime & Regional Utilities
Utilities Flood depti damage Utilities | ——> Loss of service Service Disruption
Building collapse network analysis
Reinstatement time &
Transport Erosion Transport +—>
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Travel time network

analysis

Regional Transport
Service Disruption




Impatto sugli elementi esposti

Scolo Cupo
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of direct and indirect impacts of flooding along the Emilia-Romagna coastline, Italy.

FRONTIERS IN EARTH SCIENCE, GEOHAZARDS AND GEORISKS,

C. Armaroli, E. Duo, C. Viavattene, 2019. From hazard to consequences: evaluation
https://doi.org/10.3389/feart.2019.00203
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RISC-KIT
RISCHIO = PERICOLOSITA’ X CONSEGUENZE

’Q Approccio SPRC

Scala locale/regionale

Scala locale (caso studio)

¢ Scala del recettore
Receptors
e Scala del recettore
“ Conseque
Bayesian 3 nces

Network

Sanuy, M., Duo, E., Jager, W. S., Ciavola, P., and Jiménez, J. A.(2018). Linking source
with consequences of coastal storm impacts for climate change and risk reduction

scenarios for Mediterranean sandy beaches, Nat. Hazards Earth Syst. Sci., 18,

1825-1847, https://doi.org/10.5194/nhess-18-1825-2018.
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RISC-KIT
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Sanuy, M., Duo, E., Jager, W. S., Ciavola, P., and Jiménez, J. A.(2018). Linking source
with consequences of coastal storm impacts for climate change and risk reduction

scenarios for Mediterranean sandy beaches, Nat. Hazards Earth Syst. Sci., 18,

1825-1847, https://doi.org/10.5194/nhess-18-1825-2018.
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