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Introduction

VEarthquake tsunami
VFrequent events

VOccur along well defined zones (faults)

VWell established PTHA methods

VSubmarine landslide tsunamis
VNot so frequent events (2nd most frequent tsunami source, likely underreported) Ą

better evaluated on the long term, in periods not covered by tsunami DB.

VDo not tend to occur where they did in the past / they are more spatially random

VNot accounted in current PTHA methodologies

VCritical infrastructureĄ Pf~10ς4 - млς6
Ą events with return periods of 10 kyrs 

- 1 Myrs. 
VThe US Nuclear Regulatory Commission considers submarine landslides as the most probable tsunami 

source to the US east coast. 
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Völker et al., 2011, SMMTC

Introduction & aim
VLandslide location & geomorphology Ą
VTrigger mechanisms
VStrength characteristics
VLandslide dynamics
VTsunamigenic potential

VLandslide catalogues Ą
VPLHA
VPTHA

Moore et al., 1994, Ann. Rev. EPS
Twichell et al., 2009 Mar.Geol.

Urgeles et al., 2013, JGRES

Gamboa et al., 2021, Sci.Data
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EMSS25

VIncreased coverage

VMore events
V6954 Scars

V6945 Source areas

V2191 Deposits

VMore features & information

VSeed for the world ocean 
submarine landslide database
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Landslide Tsunami Hazard

Landslide hazard ςHL  (Guzzetti et al., 2006; NHESS):

HL = P(ML җ ƳL) × P(NL) × P(S) expresses landslide hazard HL as the conditional 
probability of 
VP(MLҗ ƳL) landslide size, the magnitude (A|V) of a landslide greater or equal than a minimum 

magnitude,  mL. 
VP(NL) landslide occurrence in a given region in an established period 
VP(S) landslide spatial occurrence given the local environmental setting.

For HT, HL needs to be propagated for 

VLandslide runout

VTsunami generation

VTsunami propagation

VTsunami runup
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P(HT җ ƘT); P(RT җ ǊT)



VWhere? How deep? Ą P(S) 

VHow large? Ą P(ML)

VHow often? How many? Ą P(NL)

VWhich runout?

What matters?

VWhich runout?

VHow fast? (landslide dynamics)

VHow tsunamigenic?
  P(HT җ ƘT); P(RT җ ǊT)

DB driven
Model driven
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Where? How deep? Ą P(S) 

VMost landslides occur in 
between 100-1500 mbsl Ą 
continental slope Max

Min
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Where? How deep? Ą P(S) 
Hazard models cannot predict when a 
landslide will occur based on where 
landslides have occurred in the past 
(Guzzetti, 2003)

Model performance quantification

Receiver Operating Characteristic (ROC) 
curves compare

1. model outputs (probabilistic 
susceptibility maps) 

2. observations (i.e. grid cells with 
mapped landslide)
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Collico et al., 2021. Mar. Geol.



How often?

Mediterranean subset (n=141)

V > 1 km3

Flux

Accounting for age uncertainty

#

Age Ą not so important if 
we can put an overall time 
frame and assume equal 
probability in time
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How large? Ą P(ML); How many? Ą P(NL)

VFrequency/magnitude distribution

Complete data set

Mediterranean data set

Roll-over

#
 E

ve
n
ts

 V
>

v ~150 events/kyr

~500 events/kyr
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How large? Ą P(ML); How many? Ą P(NL)

Poison process?

VActive/passive margins have different 
slopes of the F/M relationship

VThe larger failure volumes dominate the 
flux, even for active margins

#
 E

ve
n
ts

 V
>

v
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How fast?

VStructured in:
VSource areas
VDeposits

 

VImplications for:
VInitial tsunami source
VLandslide rheology
VAcceleration history
VTsunami build-up
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Subaerial
Locat and Lee (2000); De Blasio (2011)

Submarine
Locat and Lee (2000); De Blasio (2011)



How fast?

n

Pa Pa Pa.s º

1000 100 0.005 50 0.5 5

1000 800 0.005 50 0.5 2

1000 800 0.005 50 0.5 5

1000 800 0.005 50 0.5 45

1500 1500 0.005 50 0.5 5

1500 1500 0.005 50 1 5

1500 1500 0.005 100 0.5 5

1500 1500 0.005 400 0.5 5

1650 1650 0.005 100 1 5

1800 1800 0.005 100 1 5

0.0005 100 1 5

0.005 100 1 5

0.05 100 1 5

0.5 100 1 5
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How fast?

Initial 
Yield 
Stress

Min 
Yield 
Stress

Wetting 
efficiency

Visco
sity

HB 
Exp

Int 
Friction

Pa Pa Pa.s º

1000 100 0.005 50 0.5 5

1000 800 0.005 50 0.5 2

1000 800 0.005 50 0.5 5

1000 800 0.005 50 0.5 45

1500 1500 0.005 50 0.5 5

1500 1500 0.005 50 1 5

1500 1500 0.005 100 0.5 5

1500 1500 0.005 400 0.5 5

1650 1650 0.005 100 1 5

1800 1800 0.005 100 1 5

8000 1650 0.0005 100 1 5

8000 1650 0.005 100 1 5

8000 1650 0.05 100 1 5

8000 1650 0.5 100 1 5

Actual observation
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How fast?
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Conclusions
VDespite size and time biases, landslide catalogs offer 

adequate data for assessing  landslide tsunami hazard
VWhere Ą Susceptibility mapping
VWhen and how large Ą Frequency/magnitude relationships
VDynamics Ą Runout

HLĄ HT

VHazard models cannot predict when a landslide will 
occur based on where landslides have occurred in the 
past 

VSynthetic submarine landslide catalogue consistent 
with:
VDB ground-truthed landslide susceptibility
VFrequency/Magnitude relationship
VAspect ratio
VSlope/size relationship

VPropagated into
VLandslide dynamics (consistent with DB runout statistics)
VTsunami genesis & propagation

VOffer potential approaches to characterize HT

Digital 
Elevation 

Model

Fault 
catalogue

Geotechnical 
data

Subamrine 
landslide 
catalogue

Rheological 
data

Probability of 
failure Pf

Slope 
stability 
model Frequency-magnitude 

relationship
Power-law CDF(Vmin, )̒

SEISMOLOGIC
AL ANALYSIS

SYNTHETIC 
CATALOGUE 
GENERATION

LANDSLIDE 
DYNAMICS

TSUNAMI 
SIMULATION

Morphology consistent 
synthetic catalogue n(X, 

Y, R|h , V)

Landslide Dynamics: a(t, x, y), v(t, x, y), 
PDF(a0, vmax)

Depth-averaged Landslide 
dynamics model

Tsunami propagation 
model

PDF(˃ , ̀ ) maximum tsunami height at the coastline
PDF(˃ , ̀ ) minimum tsunami time at the coastline

SUBMARINE LANDSLIDE
FREQUENCY-MAGNITUDE 
ANALYSIS

SUBMARINE 
LANDSLIDE 
SUSCEPTIBILITY
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Burning Question(s)
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Tsunamis Generated by Non-Seismic Sources
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Landslide tsunamis

Carl Harbitz1,2,3   Finn Løvholt1,2,3   Sylfest Glimsdal1,2,3

1 - Global Tsunami Model (GTM)

2 - Norwegian Geotechnical Institute (NGI)

3 ς International Centre for Geohazards (ICG)
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Landslide tsunamis

Å Tectonics 

Å Subduction zones Ą earthquake tsunamis

Å Margins and slopes, materials, mass flows Ą landslide tsunamis

Å Two main classes of landslides

Å Submarine landslides 

Å Subaerial landslides, including volcano flank collapses; 
roughly 10-15% of the reported tsunami sources globally    
(Harbitz et al., 2014, Nat Haz)

Å Canin principle occur on any slope

Å Seismicallypassive or activemargins

Å Frequent violent earthquakes induce frequent smaller landslides

Å Larger landslides along passive continental margins

Å Large sediment transport from rivers and glaciers

Å More localcharacterthanearthquaketsunamis, with
potentiallysevere impactĄmightdominatethe localrisk

Å More complex generation and progatation process than
earthquaketsunamis 

Map showing landslide tsunamis, volcanic tsunamis, and joint earthquake/landslide 

tsunami events Source, NCEI, NGDC, NOAA
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Submarine landslides and tsunamis 
around the globe

1998 PNG tsunami  > 2 000 fatalities

Image courtesy of Jose Borrero
1929 Grand banks tsunami 

> 300 km3 ï 27 fatalities in Newfoundland

 Løvholt et al., (2019), GSL

Gulf of Cadiz database, 

Zengaffinen-Morris et al., (2022), JGR

Hühnerbach et al., (2004), Mar Geol

US East Coast database

Lee (2009), Mar Geol

Å The landslides are non-uniformly mapped globally

Å Many events date way back in time, dating is often uncertain
ï Most major landslides pre-historical   

Å A very small fraction of the mapped events are known to be tsunamigenic

Å Čmuch data, still large uncertainties
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Subaerial landslides tsunamis ς
More frequent, high local impact
Year Event Country Volume Max run -up 

2000 Paatuut Greenland ~50 Mm3 > 50 m

2002 Stromboli 

(two 

slides)

Italy 4-9 Mm3 and 20 

Mm3

> 10 m

2003 Qianjiang

ping

China 24 Mm3 39 m

2007 Dayantan

g

China 3Mm3 ~50 m

2007 Aysen 

fjord 

Chile High number of 

slides

~50 m

2008 Chehalis 

Lake

Canada 3Mm3 38 m

2008 Three 

Gauges

China 0.38 Mm3 13 m

2014 Lake 

Askja

Iceland ~20 Mm3 80 m

2015 Icy Bay USA 76 Mm3 193 m

2017 Karrat 

fjord

Greenland ~40 Mm3 90 m

2018 Bureya Russia 25 Mm3 90 m

2018 Baige China >10 Mm3 54 m

2018 Anak 

Krakatau

Indonesia ~210 Mm3 85 m

2020 Elliot 

Creek

Canada 13.5 Mm3 120 m

2023 Dickson 

fjord

Greenland 25 Mm3 200 m

2025 Tracy Arm Alaska ~100 Mm3 500 m

2015 Taan fjord / Icy Bay

Courtesy C Larsen

Selected events since year 2000

43 m

56 m

76 m

Lake Askja 2014

Courtesy IMO

2007 Aysen fjord

Courtesy H Fritz, GA 

Tech

2023 Dickson fjord

Svennevig et al., 2024 - Science

Global seismic signal from 

seiche
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Landslide dynamics

Å The high mobility of submarine landslides may partly be 

explained by the large volumes involved and the 

landslide/water interaction 

Å Material properties, including clay rheology, are of great 

importance for the dynamics of most events 

Å The quantification of the landslide parameters is 

complicated by the transformation of the landslide from a 

huge slab to smaller blocks, then to a highly viscous fluid 

and ς in many cases ς to a turbidity current From Bryn et al. 2005
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1990s laboratory tests @ SAFL

Å Subaerial ς high clay

Å Subaqueous ς high clay

Å Subaqueous ς low clay

Elverhøi et al. (2010) Ocean Dynamics Special Issue
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Importance of landslide parameters

Å Submarine landslides are 

most often sub-critical;  Fr=U/c < 1

Å Wavelength depends on landslide length

Å Wave height depends on 

Å landslide length!

Å wave speed (water depth)

Å landslide height

Å initial acceleration (importance of slope and viscosity)
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Generation mechanisms
8000 BP Storegga slide and tsunami

(Courtesy, S. Gibbons, NGI)
2014 Lake Askja slide and tsunami

(Courtesy, M. Rauter)
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Landslide tsunami characteristics 
and modelling needs

Å Main factors of importance for the generation
ï Submarine landslides: volume, water depth, slope, rheology

ï Subaerial landslides: impact area and velocity

Å Models need to provide time-dependent landslide motion 
ï Capture rheological properties of the landslide

ï Include effect of ambient water

ï Link landslide and tsunami models

Å Wave characteristics and propagation 
differ from earthquake tsunamis
ï Higher amplitudes, shorter wavelength, and stronger radial 

damping, frequency dispersion

ï Needs more sophisticated models than SWE, e.g.: 

Boussinesq, layered models, CFD

PNG ï slump - dipole 

Lynett et al., 2003, PAGEOPHLøvholt et al., 2015, Royal Soc

The 8100 BP Storegga Slide 

tsunamiafter30 minutes

The 2004 Indian Ocean tsunami after20 

minutesHarbitz et al. 2006, NGT

The BIGô95 landslide

Løvholt et al. 2013, SMMTC
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Still a need to advance the way we 
test and improve our prediction models

Å Calibration of prediction models

Å For idealized studies, physics, model consistency

Å US-NTHMP benchmark tests

Å Mainly laboratory tests

Å https://www1.udel.edu/kirby/landslide/

Å Kirby et al. 2022, Ocean modelling

Å Testing towards field events

Å Tsunami generation does not scale from lab 
to field; Lucas et al. 2014

Å Calibration of hazard models

Å USGS/USC led initiative ς validation towards 
Taan fjord ς revealed need for improvement

Å A range of the most recent well-documented 
events can be also used 
(e.g. Greenland, Alaska, Norway, Iceland) 

2015 Taan fjord

Courtesy C Larsen

NTMHP Benchmark tests - examples

Friction depends on the volume, 

Lucas et al., 2014, Nature Comm

https://www1.udel.edu/kirby/landslide/
https://www1.udel.edu/kirby/landslide/
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Landslide Probabilistic Tsunami 
Hazard Assessment ς LPTHA

Estimating tsunami probability of occurrence

Two alternative pathways to anchor probabilities

- Based on past landslide data

- Based on slope stability

LPTHA can largely mimic PTHA for earthquakes:

1. Generate a synthetic set of landslide sources 

2. Define annual source probabilities 

3. Simulate the wave propagation for each landslide source

4. Aggregate probabilities from all simulations to hazard curves

Challenge: Lack of landslide data

Tsunami simulation

Landslide 

statistics, 

frequency

Hazard 

curves

Landslide databases
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We have only a few extensive 
hazard applications

Å Cook Strait Canyon, NZ (Lane et al. 2016, PAGEOPH)

Å Submarine landslides

Å Simplified landslide dynamics

Å Well constrained geological setting and timing

Å Lyngen fjord Northern Norway (Løvholt et al. 2020, Landslides)

Å Subaerial landslides 

Å Four unstable slopes

Å Probabilities from rock slope stability analysis 
(subjectively established)

Å Uncertainty treatment of generation mechanisms 
(impact area and velocity, run-out distance)

Å In both cases, model calibration is needed
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Early warning and hazard analysis 
for local communities ς 
example from Norwegian fjords

Å Inter-municipalital preparedness center

Å Rock slope monitoring using a variety of fit-for-purpose 

instrumentation systems, e.g.

Å Boreholes, extensometers, weather stations

Å InSAR, laser, total stations, GPS

Å Seismic network of geophones

Å Slope motion mirrored into regional tsunami hazard models

Å Preparedness and early warning systems based on defined 

rockslide scenarios

Å Early warning issued a minimum of 72 hours in advance of 

rockslide release (large rockslides give pre-failure signals)
Courtesy:

Lene Kristensen NVE

Identified slopes

Monitored 

slopes

Some near 

water bodies

Borehole 

measurements

InSAR

GPS station

Green ïLow
Blue ïincreased
Yellow ïWarning
Orange ïHigh
Red ïAlarm
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Scaling up: Challenges related to 
hazard, risk analysis, early warning

Å Statistical background often lacking, limited, 

or without dating

Å Slope information limited or non-existing

ï Difficult to constrain volumes and probability

ï Acquiring data often expensive, and limited to 

local investigations

Å Local nature of landslides makes them 

more difficult to survey

Å They are not necessarily linked to triggers 

or precursors ï and tsunami travel times 

can be short

Ą Warning times based on wave 

measurements may be too short

Stromboli wave recording

Ripepe and Lacanna 

(2024), Nature Comm

Zengaffinen-Morris et al. 

(2022), JGR Oceans
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Other EW systems emerging ς 
discussed at the First Ocean Decade 
Tsunami Programme Conference, Nov 2025

Å Global Navigation Satellite System (GNSS)

Å aŜŀǎǳǊŜ  ŘƛǎǇƭŀŎŜƳŜƴǘ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ŀƴŘ ǘƘŜ ǊŜǎǇƻƴǎŜ ƻŦ ǘƘŜ ƛƻƴƻǎǇƘŜǊŜ

Å Smart cables (sensor-equipped)

Å Integrating SMART Capability into EWS, 
integrating scientific sensors into dual-purpose infrastructure

Å Global initiative supported by the International Telecommunication Unit (ITU), WMO and 
UNESCO-IOC; part of the global environmental monitoring system

Å Submarine fiber optic cables 

Å Based on existing and future telecom cables

Å Can be part of future SMART and dedicated cables

Å Use of existing networks of seismic monitoring units placed on the sea floor, change in water 
pressure changes cable length, distributed acoustic sensing (DAS) turn fiber optic cables into 
distributed strain sensors (detects acoustic frequency strain signals over large distances and in 
harsh environments), data delivered to shore stations at the speed of light

Å Enables deep-ocean tracking (DART buoys are closer to the shore)

Å Cabled warning systems are expensive, and cannot be used (alone) in case of short tsunami travel 
distance / short warning time 

From C R Cruz at the FIRST CONFERENCE OF 

THE OCEAN DECADE TSUNAMI PROGRAMME, 

(ODTP) 10-11 November 2025

July 29 2025 Kamchatka M8.8 mega-trust earthquake 
tsunami 500 km offshore Hawaii, >4000m depth
From M Mazur et al. at the ODTP, 10-11 November 2025
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Some final reflections

Å Landslide tsunamis recognized as an important source for tsunami hazards

Å Landslide tsunami hazard models less developed, partly because of lack of data

Å New hazard models will depend on data, either past landslide statistics or slope stability data and 
models ς without it we cannot quantify return periods (only conditional hazard)

Å With respect to early warning for all, landslide tsunamis constitute a major challenge:

Å There are few fully operational systems today (Norway and Stromboli perhaps the only ones)

Å Landslide tsunamis are highly local

Å Wave characteristics differ from earthquake tsunamis, and difficult to test as data are lacking

Å Need for extensive and expensive instrumentation

Å regional efforts might become infeasible at present

Å Most effective for areas with known hazard / slope instability

Å Focus on the high-risk landslide prone areas, and expand later

Å Emerging technologies might provide additional probabilities, ML might accelerate forecasting
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Thank you!



Burning Question(s)



Panelist

ÅDr Raphael Paris is a researcher at the 
CNRS (French National Center for 
Scientific Research) at the Laboratoire 
Magmas & Volcans, University Clermont-
Auvergne



5. Volcanic sources in the NEAM region, 
eruption-linked wave generation, and 
lessons from historical events

Raphaël Paris

Laboratoire Magmas & Volcans
CNRS - Université Clermont Auvergne

FRANCE



1. Briefpresentationof volcanoesthat might
generatedtsunamis in the NEAM region

2. Types of volcanoesand types of eruptions, and 
source mechanismsof tsunamis

3. Lessonslearnt from pastexamplesof tsunamigenic
eruptions

4. Perspectives for volcanictsunami hazardassesment

Stromboli 2002



Santorini (Greece)
Major explosive eruptionand 
regionaltsunami LateBronze Age, 
historicaleruptionsinsidethe 
caldera (last eruption in 1950)

Stromboli (Italy)
Veryactive volcano, landslidesand 
pyroclasticflowsNW flank-> 7 tsunamis 
since1916 (last one in 2024)
Local warning system specifically
designedfor volcanictsunami

Vulcano(Italy)
Active volcanowith strong unrestsince
November2021 (last eruption in 1890), 
phreatomagmaticexplosions, landslide
-> local tsunami in 1988

Kolumbo(Greece)
Submarineactive volcano, 
major explosive eruptionand 
tsunami in 1650

Vesuvius(Italy)
Active volcano(last eruption in 
1944), Small tsunami observed
duringthe 1631 eruption

Etna (Italy)
Veryactive volcano, tsunami 
reportedin 1329 (landslide?)

CampiFlegrei(Italy)
No historicaltsunami, but 
possibilityof underwater
eruptionsin the caldera

MediterraneanBasin

Manyactive volcanoesin Italy and Greece, past
eruptionsgeneratedtsunamis



VestmannIslandsand Reykjanesridge
(Iceland)
Submarineeruptionsalongthe Mid-Atlantic Ridge 
-> shallow-water phreatomagmaticexplosions and 
local tsunamis.

North Atlantic Basin

Probabilityfor a volcanic
tsunami in the North
Atlantic Basin is low, but 
local tsunami sources 
shouldnot be neglected

Oceanislands(Canary, Azores, 
Madeira) and the threat of a regional
tsunami generatedby flankcollapse

-> veryhigh-magnitude but verylow
recurrenceevents(tensto hundreds
of thousandsof years)
-> no present-dayevidenceof large-
scaleinstabilityof the flanksof these
islands
-> mostprobable scenario = local 
tsunamis due to cliff collapse (e.g. 
Madeira 1930, La Gomera 2020)

Azores

Madeira

Canary

Cape Verde



Possible sources of tsunamis differ from one volcanoto another

ExamplesNEAM region Stromboli
Vulcano

Kolumbo Santorini CanaryIslands
Azores

-> All types of volcanoesare representedin the NEAM region



Possible sources of tsunamis differ from one type of eruption to another

Kolumbo

Santorini

no example?

Stromboli
Vulcano

Iceland, Azores, 
CampiFlegrei

-> All types of source mechanismsof volcanictsunamis shouldbe consideredin the NEAM region



Volcanictsunamis ~5% of all listedtsunamis

~20 volcanictsunamis sincethe XVIIth centuryin the NEAM region
-> few damages, veryfew fatalities

BUT

Recenteventssuchas the 2002 Stromboli tsunami couldhave been deadlyif occuringin summer

Past(prehistorical) eruptionsgeneratedlarger-intensitytsunamis, as comparedto the historicalones:
ÅMinoan(LateBronze Age) eruption of Santorini
ÅCollapse of the Sciara del Fucoin Stromboli ~5 kyrsago

Volcanictsunami hazardassesmentin the NEAM regionischallengingbecause:

Ç There are no standard operating proceduresbetweenvolcanoobservatoriesand tsunami warning centers

Ç No adequatemonitoring, with the exception of Stromboli

Ç The diversityof volcanoesand eruptions-> diversityof source mechanismsand possible scenarios



Tadiniet al, submitted

Expert elicitationorganizedin 2023

Whatwould be the probabilityto have a tsunami and whichmagnitude of tsunami in the 
case of a future eruptionsat Kolumbosubmarinevolcano?

Databaseof numericalsimulationsMoving from a deterministicto a probabilisticapproach



Arrows indicate potential paths which involve different volcanic states (node 1), phenomena (node 2), source 
position and size (nodes 3 and 4), and tsunami generation (node 5).

Blue arrows indicate a possible scenario (among others) generating a tsunami (node 5) and leading to the evaluation 
of hazard at a given location (nodes 6) and exceeding a certain threshold of wave height at the shoreline (7).

Introducinga bayesian Event Tree for Volcanic Tsunami Hazard Assessment (PVTHA)

Collaboration LMV, INGV, Univ. Naples



GEOLOGY                                           PHYSICS                                                    MODELING

Paris et al. 2019a (CampiFlegrei) Ulvrovaet al. 2016 (Kolumbo) Paris et al. 2019b (Lake Taal)



Burning Question(s)



ÅMr Domenico Mangione 
is a volcanic risk 
management specialist 
employed in the Volcanic 
Risk Unit of the Italian 
National Civil Protection 
Department since 2007.



The tsunami early -warning system at Stromboli

Dr. Domenico Mangione
National Civil Protection Department
Volcanic Risk Unit



Activity type: persistent strombolian
Location: Sicilia ς Tyrrhenian Sea
Height: 924 m s.l.m.
Area: 12 km2

Activity onset: 200.000 years ago
Last event: 2024, effusive/explosive
Current volcanic alert level: YELLOW
Population:  from 400 up to  > 5.000

Stromboli volcano



Main Institutions and roles

HAZARD ANALYSIS AND EARLY DETECTION

PREVENTION, ALARM AND RESPONSE



Tsunami hazard volcanic sources

Partial collapses of the

Sciara del Fuoco

(magmatic intrusions)

Paroxysmal explosions

(pyroclastic flows and/or 
subsequent collapses of the 

Sciara del Fuoco)

SLOW VOLCANIC DYNAMIC

(DAYS)

FAST  VOLCANIC DYNAMIC

(MINUTES)



Partial collapses of the

Sciara del Fuoco

(magmatic intrusions)

SLOW VOLCANIC DYNAMIC

(DAYS)

Medium -short term volcanic early -warning system



OHO

ωBased on one tiltmeter managed by Università di Firenze
ωForecast: between 1 and 5 minute, based on the size of event
ωSirens automatically activated: Stromboli and Ginostra
ωSound followed by a message in Italian/English (2 m 30 sec.)

10:17:15

~5 minuti

E
s
p

lo
s
io

n
e

(Ripepeet al., 2021)

Paroxysmal explosions

(pyroclastic flows and/or 
subsequent collapses of the 

Sciara del Fuoco)

FAST VOLCANIC DYNAMIC

(MINUTES)

Very short -term volcanic early -warning system



Volcanic tsunamis early -warning system

Á 8 sirens  in  Stromboli

Á 2 in  Panarea

EARLY DETECTION

ALERTING
Coast guard

SMS

e-mails

INGV

Regional civil protection

Messina Prefecture

Municipality



Response

National civil protection plan Standard operating procedures



400 m

100 m

Risk mitigation



High performance 

monitoring and early 

detection, data 

transmission , 

infrastructure and 

cybersecurity

Far field alerting 

procedures

Awareness raising

Update of the civil 

protection plan
TSUNAMI 

EARLY

WARNING 

SYSTEM

Key priorities
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THANK YOU



Burning Question(s) 



Panelist

Prof. Paraskevi Nomikou, 
National and Kapodistrian 
University of Athens, 
Greece



New findings on the Kolumbo  system near Santorini 

and its implications for hazard assesment

Nomikou Paraskevi

NEAM Regional Online Webinars on Tsunamis Generated 

by Non -Seismic Sources 



Nomikou et al., 2013

Greek Volcanoes

Royden & Papanikolaou (2011)

The four active 
volcanic centres of 
the Aegean arc and 

another ten 
inactive volcanic 
centres activated 

during Oligocene ς 
Middle Pleistocene 

following its 
southward 

migration across 
the Aegean Sea are 

described with 
emphasis on their 
tectonic signature. 

They are all 
localized within 
neotectonic and 
active tectonic 

grabens, resulting 
from the back-arc 
extension of the 
Hellenic arc and 
trench system 

throughout its Late 
Eocene ς Present 

evolution. 



R/V AEGEAO: 2001, 2006, 2012, 2013, 2014, 2023
R/V ENDEAVOR: 2015

E/V NAUTILUS: 2010, 2011
R/V MARCUS LANGSETH: 2015 
R/V POSEIDON: 2006, 2017, 2019 

YPAPANTI shuttle boat: 2015
OCEAN LINK: 2019

R/V EUROPE: 2022, 2023, 2025
E/V FILIA: 2022, 2023

JOIDES Resolution: Dec 2022-Feb 2023
MARIA MERIAN: Dec 2024, April 2025

DISCOVERY: March 2025

Santorini-
Amorgos 

field



(Nomikou et al., 2019; Preine et al., 2022 and MSM132 scientific party)

Synthetic Morphology of the region

Most cones of the Kolumbo Volcanic Chain are monogenetic eruptive centres, generally associated with the rapid ascent of small batches 
of relatively primitive magma with bulk volumes of less than 0.2 km3 dense-rock equivalent (Nomikou et al., 2012). The ŎƻƴŜǎΩ lack of 
pronounced summit craters suggests only mildly explosive formation, and the absence of slope failure scars indicate minor tsunamigenic 
potential (Schindelé, F. et al. 2024).



(Isken et al., 2025)

(Preine et al., 2022)

(Nomikou et al., 2016)

Multi -channel reflection seismic profiles
Highly faulted basement of the Anhydros block 

The shallow subsurface is disrupted by various sub-kilometre-scale 
fault zones that control the location of fluid escape structures on the 
seafloor, evidenced by the linear alignment of volcanic centres of the 
KVC, both of which form on southeast-dipping faults.

Multi -channel reflection 
seismic profiles  from 
GEOMAR, University of 
Hamburg in collaboration with 
NKUA



Tectonic Map (based on Multi-channel reflection seismic profiles, C. Berndt and MSM132 scientific party, Isken et al., 2025)

Santorini-Anafi fault

Amorgos fault

Anafi fault

Ios fault
Anhydros fault

The Anhydros block is a 
tilted block that likely 
represents a large relay 
ramp structure between 
the bounding Amorgos and 
Santorini-Anafi faults 
(Crutchley, et al. 2023)

(Nomikou et al., 
2019)

Amorgos

Santorini

Anhydros

Anafi

Ios



1956 Amorgos Earthquakes

The exceptional 

event of the 

1956 twin 

Amorgos 

earthquakes of 

magnitude 7.5 

and 7.2 affected 

the wider area 

and produced a 

large tsunami.





Leclerc et al., 2024 (Nat.Comm.)

3D viewof 
the Amorgos 
fault scarp

Video

The highestwaves
in the 

Mediterraneansea
for the past2 

centuries





Karsten et al. (NatCom2023)


