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1908 12 28 Destructions,
hundreds of victims

Date: 1908 12 28 (yy mm dd)
Time: 4 20 27 (hh mm ss5}
Date Reliability:

Region: M2

Subregion: Messina Straits
Event Reliability: 4

Cause: ER

Intensity: 6

Intensity (Papadopoulos-
Imamura): X

Runup: 13(m)

Main Catalogue: Tinti et al., 2004
Description: More Info

Source Parameters

Source Coordinates:
i Latitude: 38.18
' Longitude: 15.G8

y | 5 Earthquake Intensity: 11
T : T Earthguake Magnitude: 7.2
4 Focal Depth: (km)
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MANY FAULTS WITH LATE QUATERNARY ACTIVITY
- Potential tsunami sources ?




I Seismic sources in the Mediterranean Sea
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ISPRA @ Volcanic and submarine slide sources
In the Mediterranean Sea
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Volcanic and submarine slide source
B .. Stromboli volcano
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Volcanic and submarine slide source
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Gerardi et al., 2008

R TR T TR TR TN E ) I g -
= g w |

Teumami 1170174623

T Historical rur-up

28 mi(08-2.49) Computad run-up

Ii-'lfrelli (M.di Ragusa) (min - rma)
S0 m Extant of

inundated araa
= anaric informmation




IQA i Tsunami evidence in Eastern Sicily

per la Protezios
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37°18N
015°10°E

Events: 1693, 1169
Estimated run-up (Nott formula )
5,10-9.37-10,63 m

Observed run-up 12 m at
Augusta (Boccone 1697)

Magnis
Peninsula

Fig. 8 I Maddalena
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1906 earthquake and tsunami

“Messina sea“front
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Debated source:
earthquake fault
or submarine
landslides?

20 villes et villages dairuits. - L' Humaniie en deuil
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1908 event
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Bianco Marina

Pellaro 13.0m
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5 1908 event

istema Nazionale
per la Protezione
dellAmbiente

Hroxnd zemetfesent v jizni [talid,

i = TERREMOTO CALABRO SICULO ECC,

MESSINA - Rovine della banchinn

R s Rus 1R 5 Meeaid. it ilued el i Aot el SRS g
i.ra [ o 5

i MESSINA = Rowine della banchina (altro particolare) e B lediih it d BATE Akl Bl




ISPRA heteme Nezianale

Tstituto Supesiore per fa Protezione per la F’rqrszlonp
¢ 12 Ricerea Ambicntale dell Ambiente

1908 event

b *

~ Pellafo —destroyedwill3ge
e Y & o ¢

)

l
\
!
\
|

-

FOT. LODI-FOCARDI

Messing dope if kerrexofy dei 38 Dicemboe 1508
Via dal Torramt: Poctaleani - Rivlae

FOT. LODI-FOCARDI



NEAMTWS
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Intergovernmental Oceanographic Commission

O Tsunaml Programme

Intergovernmental Coordination Group for
the Tsunami Early Warning and Mitigation

System in the Northeast Atlantic area, FESSs "

Mediterranean and connected seas ! . v 4 2

(ICG / NEAMTWS) : ‘ United Kingdom nanen:::. ¥ 3 : E:ﬁ:ﬂon
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Promotes {::}Fm.u * b Ukrsine

» Collaboration among partners 5 ol o ope m ,',"'

« Guidelines for interoperability
« Regional monitoring networks



SPRA B SiAM - National Alert System for Earthquake-
triggered tsunamis
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SiAM structure
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and Tsunami monitoring in real time. monitoring network to CAT.

Probabilistic Hazard calculation Inundation/evacuation maps



Alert levels

The SiAM Directive defines at the national level the same alert procedures of those
internationally used for the NEAMTWS program.

2 alert levels
(ICG/NEAMTWS )

+Information

Orange level Red level
(Advisory) (Watch)
Delimitation of coastal alert / evacuation zones
Main requirements:
1. alert / evacuation zones =2 reliable envelope of all areas potentially subject to
flooding due to tsunamigenic seismic sources
2. Maps =2 available quickly and for the entire national territory, so that the alert

system can be fully operational and effective.
3. Methodology = verified and homogeneous, easily replicable




Q & Decision Matrix
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ALERT LEVEL VS DISTANCE
Depth M Epicenter Location Tsunami Potential <
: P Aeiz100km |100%M k:“eq =400/ Aeq>4a00km
5.5=M=<6.0 |n|g:§:0$§;m Nil Information Bulletin
Inland
(40km<Inland = Nil Information Bulletin
6.0< M= 6.5 100 km)
Offshore or Potential of weak Local T :
0Ca sunam
near the coast local tsunami gl Information Bulletin
AQVISOI
(Inland = 40 km) Aeq < 100 km ’
Potential of destructive ! : , .
i Local Tsunami Regional Tsunami Infonmation
<100 km 65< M= 7.0 local tsunami S :
s Watch Advisory Bulletin
Aeq <100 km| 400 km
Orfshare Potential of destructive i
70< M< 7.5 ot regional tsunami Regional Tsunami Watch l ( T =
\dvisory
Inland <100km | Aeq <400 km | basin '
Potential of
destructive tsunami
M>75 . i Basin-wide Tsunami Watch
in the whole basin
any Aeq
=100 km M 255 Qifsiore o Jniane Nil J'nformafron Information Bulletin|Information Bulletin
<100 km Bulletin
LOCAL REGIONAL BASIN-WIDE




TSUMAPS-NEAM Interactive Hazard Curve Tool
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Q G CAT - INGV
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Area of competence and focal points for which Alert level and arrival times are
computed in the Mediterranean Sea by CAT
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TR - SIAM - Activities performed by ISPRA

Monitoring-warning system (National Tide Gauge Network, RMN)

* Maintenance and optimization of the existing
network

 Transfer of sea level data through several
channels to 10C, INGV, JRC, DPC, other users

* Technological upgrade enabling quick transport
of data by FAST and IRIDIUM systems

* Implementation of an off-shore/islands sea level
monitoring network
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Modeling in selected critical
coastal tracts of coastal
inundation and vulnerability



SIAM - Activities performed by ISPRA

Inundation (Geological Survey)

Compilation and updating of inundation maps for scenario run-up values,
freely accessible via web portal

Support to local administrations for the definition of the alert zones and to
Civil Protection for public awareness

Modelling and historical studies

|||||

Satimesnca S0m




Problems
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DTM quality

Neither of the two
coastlines (2006,
2009) represents the
current state of the
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Inundation mapping

Numerical modeling

Valid approach, but generally quite complex, not able to provide reliable
results for wide regions.

Empirical models of propagation and flooding

based on the application of an empirical relationship between run-up and
inland wave penetration, obtained through observations following recent and
historic tsunami events, especially in the Pacific area, in particular that of
Tohoku (Japan) in 2011. In this way, the energy dissipation of the wave,
mainly due to the resistance to flow due to the unevenness of the ground
("friction") is empirically taken into account.

Levels of uncertainty rather high but conservative and, at the same time,
realistic.

Applied model

Empirical model of wave penetration against run-up, following in particular
the example of the New Zealand guidelines (Leonard et al., 2009; MCDEM,
2008, 2016). Calculation of dry/wet pixels by GIS tools




SPRA e Empirical relation between inundation and run-up
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Scenario run-ups

Assessment nodes: Focal Points at -50 m b.s.l., distributed every ca. 200
km of coastline),

At each FP, wave height estimated based on a probabilistic hazard
assessment = return period 2,500 years, 84t percentile

Maximum run-up (scenario run-up) established by numerical modelling for
each coast sector facing a Focal Point

For each coastal sector, same Advisory level: 1 m (+1 m to account for
uncertainties in the DTM)

level varies depending on the scenario run-up

Cross-section (not to scale)
shows how the evacuation
areas are defined for the
Watch and Advisory alert
levels

Evacuation zone boundaries




Example of inundation map calculation
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For river beds, to take into account the Iower.._}‘-’é_'s.i_stance to inflow of

the tsunami wave, a scaled attenuation law was adopted: 1 meter of
R = 400 meters, while laterally the assumed a'tt'enduati'on‘.is 1 meter
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Dati preliminari, potranne subire forti modifiche.
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national level for the local emergency planning

Tsunami Map Viewer
SIAM - Sistema Allerta Maremoto indotto da sisma
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Tsunami Map Viewer
SIAM - Sistema Allerta Maremoto indotto da sisma
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SPRA S Flooded area with scenario run-up 2 m
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Flooded area with scenario run-up 710 m
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Comparison with historical data

Inundation at Pellaro for R= 10 ed R=20 meters 4

Mar Tirreno




Comparison with historical data

Inundation at Pellaro for R=10, 20 m and
comparison with 1908 tsunami R=13 m and
Distance = 600 m along the creek Fiumarella

Mar Tirreno
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Testing performances of decision matrix and inundation zones defined in the frame of the Italian tsunami early warning system EGU2019-17866
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10

Tsunami scenarios are modelled with Tsunami-HySEA (Macias et
al., 2017), a non-linear hydrostatic shallow-water multi-GPU code
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- Preparedness and communication

per la Pr UY‘EZIDH
dell'Ambiente

PERICOLO MAREMOTO

‘Em aremoto

What you need
to know and what to do

VIA DI
ALLONTANAMENTO 9
EVACUATION ROUTE

\ (

TSUNAMI HAZARD

INCASO DI
= Terremoto

= Ritiro improvviso del mare = Sudden withdrawal of the sea
= Allerta maremoto = Tsunami alert

ALLONTANATI

IMMEDIATAMENTE DALLA  AREA IMMEDIATELY

ZONA COSTIERA

RAGGIUNGI RAPIDAMENTE GROUND

L'AREA PIU ELEVATA FOLLOW THE EVACUATION

SEGUI LE VIE DI

ALLONTANAMENTO

IN CASE OF
= Earthquake

LEAVE THE COASTAL
Share your knowledge with your family, your
schoolmates and your colleagues: each of

us should contribute to the dissemination
of information on tsunami risk.

QUICKLY REACH HIGH

ROUTES



%@8 Preparedness ana’ communication

Ilnlohpuhn T Protezione per la Profezione
Abletste deltAmbiente

ORISR0
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Stay in the area you have reached and discourage amyone from going back
| g l I to the coast: the first wave might be followed by more dangerous ones. -»

4= Check the health conditions of the
people around you and, if possible, give
first aid assistance.

If you are at the beach or in a coastal area

and receive an alert message that indicates the possible arrival of a tsunami wave, or recognii

+ A strong earthquake you have felt or that you have heard about

+ Asudden and unusual retreat of the sea, a rapid rise in sea level or a hig wave extending acn

+ A deep and increasing noise coming from the sea, like that of a train or a low flying aircraft @

Listen to the authorities to find out when it's safe
to leave and what you need to do.

Use the phone only for emergencies.

&~ Move away from the water and quickly reach
the nearest elevated area (such as a hill or

the upper fioors of a building). If your home has been affected by the tsunami,
do not return without permission. «J

Warn those around you of imminent danger

Do not eat foods that have come into contact with the water and
materials transported by the tsunami: they may be contaminated.
Do not drink tap water. ™

Run on foot following the fastest
escape route. Do not go by car, it
could become a trap. 3

A tsunami can be generated by an earthquake or volcanic activity: be
informed, therefore, about what to do in case of an earthquake or eruption.
&8

If you are at sea,

Hang this cardin a place visivle to all the members of your family: it will help you to remember some useful tipsin case of emergency

you may not be aware of the phenomena accompanying the
arrival of a tsunami, so it is important to always listen to radio
press releases:

CM 70795 @ 2007
Printed by ABC Tipog

AREA DI ATTESA
WAITING AREA

If you are in a boat and you get news of an earthquake on =~ =
the coast or at sea, move further offshare; if you are in a port,

leave the boat in port and move to safety in a higher place. - ma




ISPRA @ National tide gauge Network (RVIN)

[l level Infrastructure (full instrumental scale 2 meters):

» can confirm an ongoing event on the national coasts = serves as
early warning only for coastal areas sensibly farther away!

* Need for offshore tide gauges for a fully effective early warning!
| level infrastructure (full instrumental scale 10 m) in deployment
« gauges mostly on islands for early offshore monitoring of wave transit

Tide Network designed for

O early detection and characterization of propagation of tidal waves
(tsunami)

O characterization of exceptional breaking sea.

The stations comply with the guidelines of the Intergovernmental Coordination Group for the
Tsunami Early Warning and Mitigation System in the Northeast Atlantic area, Mediterranean
and connected seas (ICG / NEAMTWS).



How SIAM is made operational

ISPRA provides in real time to the centre for tsunami alert (CAT) of INGV sea level data
surveyed by its tide gauge stations mostly located in the main national ports

Satellite Riliewa

TIDE GAUGE
NETWORK
(RMN)

b s

ki Il level (2m)
36 stations

DATA TRANSMISSION AND AVAILABILITY

 via TCP IP (FAST UMTS connection)

O Satellite connection (IRIDIUM
Short Burst Data SBD), which
triggers after lack of UMTS
coverage longer than 3 minutes,

for 9 stations so far
On-line publication, freely
accessible



Istituto Superiore per la Protezione
e la Ricerca Ambientale

(2 ISPRA “Conventional” port gauges (Instrumental scale 2 m)

= L4
p“ - o .f
S Ll

Float tide gauge
(analogic)

1 &

Radar (digital sensor)

1 1 7.
AR B b"_’_ i

Tide Gauge Station - Vieste

Stilling detail with the
measurement system
of the new tide gauge
stations
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Is% %@ Greek mini-tsunami 25 Octqbe_r 2018
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_,.zfzﬁAm ’% e Sz‘afe of the an‘ and next steps in SIAM
| r A e g stunami monitoring network

Start in 2019 of a survey
for the installation of 10
new stations to measure
sea level with full
instrumental scale of
about 10 meters and
resistant to operating
hard offshore conditions
(similar to the Ginostra
station)

B? JRC

- - ——i* L = 4-.
. . Mpﬁéﬂ&a‘
. , 10° a* N

© Stazioni JRC esistenti © Stazioni JRC in prev1sxone ® Stazmm RMN e Stazioni RST mn prev151one
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Isttuto Superioee per ta Proscrione
& fa Ricerea Ambientake

e‘auge station - Gifjostra (Stromboli voleano)




delf Ambiente

SPRA S Tide gauge station - Ginostra (Stromboli volcano)

Double pressurimeter 10 m/100 m
* Thermometer

Little harbour * Low maintenance cycle (2 years)
» Complete darkness = no bio attack
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Need of off-shore measurement for Tsunami Monitoring for.
a. Early Tsunami Detection
b. Cleaner Tsunami Estimations

The measurement of Sea Level using differential GPS can e
be extremely useful for the monitoring of sea level around Sl S
the Mediterranean Sea = | '

This technique is not new and is already extensively
adopted in Japan GPS Satellite

But cost of buoy devices extremely high and problematic | L af "
installation because of dimensions. |

The availability of more affordable GNSS receivers, |
connected with the newly created Galileo constellation oo hate
allows to develop low-cost floating GPS devices, suitable H
for the Mediterranean Sea.

Base o » GPS Tsunami
Station .- e Meter
a = -

Japanese approach



B e INNOVATIVE COMPONENTS
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- decimated
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—— reference

ISPRA- JRC
The present sea level

infrastructure4s undergoing a
development,and innovation
process.

&
o

elevation [m]
&»
F-N

&
o

The Floating GNSS
system
e In collaboration with the
16:00 18:00 20:00 22:(2?me ?STOC(:)) 02:00 04:00 Oﬁiﬁcl ISPRA |S testlng 3
floating GNSS system to
detect tsunami waves. A
large oceanic buoy will
be instrumented with
the latest satellite
receivers (Galileo and
GPS) to provide an
accurate sea level
measurement off-shore
(15-20 km from the

coast).
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Ongoing initiatives

PPE -Detivery of inundation zone
" and assistance (including cort
b. Refinement of inundation zoi
resolution DTM |

localities Trah

. Installation of a new rea -L@é sea level monitoring
network based on low-costinstruments (roati‘ﬁ/g and
fixed tide gauges)







