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Why do earthquakes happen?

From Namazu....

Thermo chemical convection
http://geo.mff.cuni.cz/~cizkova/Anim/animace.htm

...to complex fluid dynamics

http://geo.mff.cuni.cz/~cizkova/Anim/animace.htm
http://geo.mff.cuni.cz/~cizkova/Anim/animace.htm


Why do earthquakes happen?



Earthquake (complex) cycle



rupture velocities of a dynamic rupture model of a magnitude 7.7 on the southernmost San Andreas fault www.scec.org

Dynamic rupture and stress transfer

When a fault fails during an earthquake, it modifies the stress field in its surroundings. The modification of the stress 
pattern can give a rough idea of where the next shocks are more likely occur.

Coulomb stresses transmitted by 
seismic wave propagation for the 
M=7.2 1944 earthquake on the 

North Anatolian fault.

Courtesy of Kim B. Olsen

http://www.scec.org
http://www.scec.org


Dynamic rupture and stress transfer



Any strategy for seismic risk reduction should 
be outlined trying to answer two basic 

questions: 

 When, where and how big we have to expect a 
strong earthquake to strike a region?  

 What should we expect when it occurs? 

The answer to the first question is matter for 
earthquake prediction, 

while the second one is matter for 
sound seismic & tsunami hazard assessment... 



Earthquake effects

Earthquake Engineering

 

Civil & Environmental Engineering 
University College London 

•Ground shaking

•Surface rupture

•Landslides

•Liquefaction

What earthquake effects cause 

damage?
Earthquake Engineering

 

Civil & Environmental Engineering 
University College London 

•Ground shaking

•Surface rupture

•Landslides

•Liquefaction

What earthquake effects cause damage?
liquefactionground shaking

Chi Chi E/q, Taiwan

Hector Mines E/q, USA

surface rupture



Hazard, Risk & Vulnerability

Risk Hazard Vulnerability*=

Nature decided, and can be 
assessed

Man decided, and can be reduced

  R = Hi,Pi,Ci

set of i-events with 
possible adverse 
consequences 

associated 
intolerable 

consequences

associated probabilities of 
their occurrence



Know the input - Bound the output...

the road to (earthquake) safety...

Chapultepec. This dike was 12 km long and 20 m thick. He also built Chapultepec
Aqueduct to provide fresh water to the city (Serra Puche, in Kumate and Mazari 1990).

After the Spanish conquest, in 1521, the Aztec city was razed and the colonial capital
was founded in the same location. Mexica constructions were used as sources of building
materials. Floods and epidemics suggested a need to drain the lakes and this long effort
began near 1524. In 1607 Enrico Martinez designed a channel and tunnel at Nochistongo to
deviate the course of Cuauhtitlan River to the north. Because of continuing disastrous
floods, in 1629 King Charles IV ordered to move the capital elsewhere, but the settlers

Fig. 3 The Mexico Basin Lakes as the Spanish found them in 1392 (D. D. F. 1975). These days, there is
only a small lake near Xochimilco, which is a natural reserve

Nat Hazards (2007) 40:357–372 361
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Know the input - Bound the output...

Mitigate the difference...

the road to (earthquake) safety...

Earthquake fatalities versus repair costs in 2005 US$
 Bilham, 2009. The seismic future of cities, Bull Earthquake Eng.

Roughly updated with help of Bilham, 2010 (Personal communication)

Bull Earthquake Eng
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Fig. 24 Earthquake fatalities versus repair costs in 2005 US$ (data from Vranes and Pielke 2009). The
high pseudo-death-toll for the 1906 San Francisco earthquake plotted here is extrapolated for present-day
population and vulnerability. The Scenario 2008 event is based on estimated $ losses from a hypothetical
M7.8 earthquake near Los Angeles (http://pubs.usgs.gov/of/2008/1150/). Tsunami-related deaths from the
Indonesia 2004 earthquake are omitted

of the world’s building stock has been replaced at least twice (assuming a 50 year life-span
to most buildings). In addition, a four to sixfold increase in building stock has occurred. This
constitutes a lost opportunity of massive proportions.

Underscoring this tragic lost opportunity, is the observation that we still live in a world
where deaths are expected to accompany large earthquakes near cities. Within 30 min of a
damaging earthquake we can quantify the number of fatalities and injuries anticipated in set-
tlements surrounding the epicentre, before news of actual deaths are known on the ground.
That this is possible admits that we have a problem in our cities that needs to be fixed. The
time to have undertaken this fix was in the era of construction that started in about 1950. We
have a further 30 years left in this global building boom, but it is unlikely that earthquake
resistance will occur where the structures are going up most rapidly. The focus of earth-
quake resistance efforts should clearly be in the places where fatalities have been historically
the worst—in the western Americas and in the Alpine/Himalayan/Indonesian collision belt.
Given the present recession of world economies, the cost of the fix is likely to prevent the
expenditure of funds where it matters most, at a time when it matters most. This suggests that
urban populations will continue to be killed by earthquakes in the foreseeable future, and in
greater numbers than in the documented past.
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in the past few decades by NEHRP, the National Science Foundation and by the John Simon Guggenheim
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M=9.0



Very basic tsunami physics...

Figure 1. Excitation of a tsunami by a seismic dislocation. In this very simple model, a fraction of the ocean
e

o
floor is suddenly uplifted, resulting in an immediate and identical hump on the ocean surface (a). Because th
cean is fluid, the hump is unstable and flows sideways (b), with the center of mass of the displaced material

t
(solid dot) falling down by an amount !h /2. The resulting change in potential energy makes up the energy of the
sunami wave, which propagates away from the now defunct hump (c).

Okal and Synolakis Page 2
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Navier-Stokes equations

Newton’s law + +

    
ρ
∂v
∂t

+ρ(v ⋅grad)v = −grad(P) − ρgrad(φ) +

    
+ηΔv + (η+ ʹ′ η )grad div(v)( )

and in the incompressible case...

    

∂Ω

∂t
+ rot(Ω× v) = η

ρ
ΔΩ

Conservation of matter Viscosity



Tsunami eigenvalues & eigenfunctions





9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

This earthquake was the result 
of thrust faulting along or near 
the convergent plate boundary 

where the Pacific Plate subducts 
beneath Japan. 

This map also shows the rate 
and direction of motion of the 
Pacific Plate with respect to the 

Eurasian Plate near the Japan 
Trench. The rate of convergence 
at this plate boundary is about 

100 mm/yr 
(9 cm/year). This is a fairly high 

convergence rate and this 
subduction zone is very 

seismically active. 

Eurasian

Pacific Plate

Japan Trench

Tohoku-oki event:
Tectonic setting



9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

USGS - CMT - Seismic Moment solution



9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

USGS - Finite fault model
Cross-section of slip distribution. The strike direction of the fault plane is indicated by the 
black arrow and the hypocenter location is denoted by the red star. The slip amplitude 
are showed in color and motion direction of the hanging wall relative to the footwall is 
indicated by black arrows. Contours show the rupture initiation time in seconds.



9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

Image courtesy of the US Geological Survey

This earthquake (gold star), plotted with regional 
seismicity since 1990, occurred at approximately the 

same location as the March 9, 2011 M 7.2 earthquake.

In a cluster, the earthquake with the largest magnitude 
is called the main shock; anything before it is a 
foreshock and anything after it is an aftershock. 

A main shock will be redefined as a foreshock if a 
subsequent event has a larger magnitude.

This earthquake redefines the M 7.2 earthquake as a 
foreshock, with this event replacing it as the main 

shock.

Historical seismicity



9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

Image and text courtesy of the US Geological Survey

Aftershock sequences follow predictable patterns as a group, although the 
individual earthquakes are themselves not predictable. The graph below shows 
how the number of aftershocks and the magnitude of aftershocks decay with 

increasing time since the main shock. The number of aftershocks also decreases 
with distance from the main shock.

Aftershocks usually occur 
geographically near the 

main shock. The stress on 
the main shock's fault 

changes drastically during 
the main shock and that 

fault produces most of the 
aftershocks. Sometimes 

the change in stress caused 
by the main shock is great 

enough to trigger 
aftershocks on other, 

nearby faults.

Aftershocks



9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

Historical seismicity and aftershocks

Image courtesy of Charles Ammon



9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

Co-seismic slip



9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

Co-seismic slip



9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

Shakemap - Instrumental Intensity



9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

PGA
A strong ground acceleration of 
over 2933 cm/s/s was observed in 
K-NET Tsukidate observation 
station (Miyagi pref.) near the 
hypocenter, and a strong ground 
acceleration propagated in broad 
area from Ibaraki to southern 
Iwate. The distribution of strong 
ground acceleration is extending 
to three areas: between Iwate and 
Miyagi prefecture, Fukushima pref., 
between Tochigi and Ibaraki pref. 
Therefore, it is assumed that a 
huge fault slip have occurred on 
the east of these areas. The ground 
acceleration is decaying drastically 
just after the border of Itoigawa-
Shizuoka Tectonic Line, and it 
suggests that the wave attenuated 
at around this area.



9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

PGD
A strong ground acceleration of 
over 2933 cm/s/s was observed in 
K-NET Tsukidate observation 
station (Miyagi pref.) near the 
hypocenter, and a strong ground 
acceleration propagated in broad 
area from Ibaraki to southern 
Iwate. The distribution of strong 
ground acceleration is extending 
to three areas: between Iwate and 
Miyagi prefecture, Fukushima pref., 
between Tochigi and Ibaraki pref. 
Therefore, it is assumed that a 
huge fault slip have occurred on 
the east of these areas. The ground 
acceleration is decaying drastically 
just after the border of Itoigawa-
Shizuoka Tectonic Line, and it 
suggests that the wave attenuated 
at around this area.



9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

Waveforms
Maximum acceleration and 
maximum displacement of ground 
motion in Ishinomaki and 
Rikuzentakata where ground 
motion was strong. The arrival of 2 
strong seismic wave groups is seen 
after about 50 seconds. They 
suggest that a strong seismic wave 
was radiated from the 2 major 
asperities of the Miyagi coast and 
Iwate coast.

Two long-period pulses (40-50 
second) was found in ground 
displacement and its amplitude is 
more than 50 to 100cm. The long-
period of ground motion that 
lasted for 100 and several tens of 
seconds, indicates the long time 
rupture process of the fault in this 
massive earthquake.



9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

Ground motion - Japan

Courtesy of  Takashi Furumura



9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

Ground motion - Worldwide



9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

Ground motion - USA



9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

Finite fault model from backprojection

Courtesy of Dun Wang and Jim Mori



9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

Tsunami warning - NOAA



9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

Tsunami warning - NOAA



9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

A tsunami 
propagation 

forecast model 
contours the 
forecasted 

maximum wave 
amplitudes (in 
cm) from the 

tsunami detailing 
the tsunami 

energy 
propagation.

This led to a 
Pacific wide 

tsunami warning 
being issued.

Propagation forecast



9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

Tsunami travel times - NOAA



9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

Tsunami animation - NOAA



9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

Tsunami data 

http://www1.kaiho.mlit.go.jp/KANKYO/TIDE/real_time_tide/sel/index_e.htm

http://www1.kaiho.mlit.go.jp/KANKYO/TIDE/real_time_tide/sel/index_e.htm
http://www1.kaiho.mlit.go.jp/KANKYO/TIDE/real_time_tide/sel/index_e.htm


9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

Tsunami data 

http://www1.kaiho.mlit.go.jp/KANKYO/TIDE/real_time_tide/sel/index_e.htm

http://www1.kaiho.mlit.go.jp/KANKYO/TIDE/real_time_tide/sel/index_e.htm
http://www1.kaiho.mlit.go.jp/KANKYO/TIDE/real_time_tide/sel/index_e.htm


9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

Tsunami data - DART buoys

http://www1.kaiho.mlit.go.jp/KANKYO/TIDE/real_time_tide/sel/index_e.htm

http://www1.kaiho.mlit.go.jp/KANKYO/TIDE/real_time_tide/sel/index_e.htm
http://www1.kaiho.mlit.go.jp/KANKYO/TIDE/real_time_tide/sel/index_e.htm


9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

Tsunami data and simulations



9.0 Tohoku-oki, Japan
2011 March 11 05:46:23 UTC

For the last updates...
http://outreach.eri.u-tokyo.ac.jp/eqvolc/201103_tohoku/eng/

“Earthquake Research Institute, University of Tokyo, Prof. Takashi 
Furumura and Project Researcher Takuto Maeda”

http://eqseis.geosc.psu.edu/~cammon/Japan2011EQ/

http://supersites.earthobservations.org/honshu.php

http://outreach.eri.u-tokyo.ac.jp/eqvolc/201103_tohoku/eng/
http://outreach.eri.u-tokyo.ac.jp/eqvolc/201103_tohoku/eng/
http://eqseis.geosc.psu.edu/~cammon/Japan2011EQ/
http://eqseis.geosc.psu.edu/~cammon/Japan2011EQ/
http://supersites.earthobservations.org/honshu.php
http://supersites.earthobservations.org/honshu.php


Tsunami 
physics

research

support of improved measurement 
technology and the design of optimal 

tsunami monitoring networks

implementation of improved models 
to increase the speed and accuracy of 

operational forecasts and warnings

development of improved methods to 
predict tsunami impacts on the 
population and infrastructure of 

coastal communities



Tsunami risk mitigation

Tsunami hazard assessment: computation of 
hazard scenarios

Tsunami warning system

two different and complementary ways:



Tsunami physics

Tsunami Hazard Assessment
How does one infer the likelihood of a tsunami of a certain amplitude, 
striking a certain location within a certain time interval?

One possible way :  ANALYSIS OF EMPIRICAL TSUNAMI RUNUP DATA.

Different power laws (e.g  Soloviev 1969, Houston et al. 1977, Burroghs 
and Tebbens 2005)The frequency-size distribution introduced by Soloviev (1969) is of the

form

_n!i" # a110$b1i; !13"

where a1 and b1 are constants, _n is the number of events per annum, and i
is tsunami intensity calculated from the average runup (havg) along a
stretch of coastline:

i # log2!
!!!!!!!!!!!
2havg

p
": !14"

Rather than use tsunami intensity, for the analysis of Hawaiian tsunamis
Houston et al. (1977) used the maximum elevation of tsunami waves
200 ft. inland of the coast (h200):

_n!h200" # a210$b2h200 : !15"

In addition, for the analysis of tsunami source regions along the Alaska
and Peru-Chile subduction zones, Garcia and Houston (1975), Houston
(1980), and Crawford (1987) used an exponential frequency-size distribu-
tion of the form

_n!i" # a3e$b3i: !16"

More recently, Burroughs and Tebbens (2005) proposed that tsunami ru-
nup heights follow a power-law relationship similar to many other natural
systems, particularly the Gutenberg–Richter frequency–magnitude relation-
ship for earthquakes. In examining extensive records of tsunami wave
heights at several locations in Japan, they conclude that the cumulative fre-
quency-size distribution is best fit by a power-law relationship of the form

_n!h" # Ch$a4 ; !17"

where h is the maximum tsunami height recorded at a single site (U.S.
National Geophysical Data Center tsunami catalog). At some sites, the
catalog data are best fit by an upper-truncated power-law (Burroughs and
Tebbens, 2001):

_nr!h" # C!h$a4 $ h$a4
U "; !18"

where hU is the wave height where the frequency falls to zero. Burroughs
and Tebbens (2001, 2005) explain that the upper-truncated power law is a
result of either temporal limitations (large events not included in the cata-
log) or physical bounds on the phenomenon at a particular site (e.g., wave
breaking prior to runup). If we assume that the inter-event arrival times
and magnitudes are independent, characteristic of a Poisson process as in
PTHA (Equation 2), then the cumulative distribution function is given by

PROBABILISTIC ANALYSIS OF TSUNAMI HAZARDS 289

Problems: lack of data, different kind of data, different points of 
observation  (for not instrumental data)...



Scenario based tsunami hazard assessment
Assess the potential threat posed by earthquake 
generated tsunamis on the coastlines. 

Compilation a database of potentially tsunamigenic 
earthquake faults, to be used as input in the definition 
of scenarios.

Each Source Zone includes an active tectonic 
structure with a Maximum Credible Earthquake and 
a typical fault.

Provide information of the expected tsunami impact 
(e.g. height and arrival times) onto the target 
coastline; it can be progressively updated as 
knowledge of earthquake source advances.



Tsunami warning system

Pacific Tsunami Warning System (1946): 
seismometers; problem of false alarms (75%) and 
failures for atypical events.

 DART system (NOAA, 2001): tsunamometers: 
anticipated observation, signal in deep water, right 
filtering (natural) for tsunami frequencies

Thomas Jaggar (1923): recognized a tsunami in Hilo 
from seismic arrives from Aleutian Islands 
earthquake.



Tsunami monitoring systems have been strategically deployed near regions with 
a history of tsunami generation, to ensure measurement of the waves as they 

propagate towards coastal communities and to acquire data critical to real-time 
forecasts. 

Locations of NOAA’s National Data Buoy Center (NDBC) DART stations comprising the operational network. 

Dart buoys monitoring



The DART II® system consists of a seafloor 
bottom pressure recording (BPR) system capable 

of detecting tsunamis as small as 1 cm, and a 
moored surface buoy for real-time 

communications. 

DART II has two-way communications between 
the BPR and the Tsunami Warning Center (TWC) 

using the Iridium commercial satellite 
communications system. The two-way 

communications allow the TWCs to set stations 
in event mode in anticipation of possible tsunamis 

or retrieve the high-resolution (15-s intervals) 
data in one-hour blocks for detailed analysis.

 DART II systems transmit standard mode data, 
containing twenty-four estimated sea-level height 
observations at 15-minute intervals, once very six 

hours.

NOAA 

Dart buoys



Most model (Titov et Synolakis) 

Retro-fitting of initial conditions with updated 
source data and buoys data 

Inundation map and eventually warning

Pre-computed scenarios from potential sources 
with different magnitudes



Tsunami physics

Tsunami’s detection in atmosphere
By dynamic coupling with the atmosphere, acoustic-

gravity waves are generated

Traveling Ionospheric Disturbances (TID) can be 
detected and monitored by high-density GPS networks 



Tsunami physics

Tsunami signature in the ionosphere

Normalized vertical velocity Perturbation in the ionospheric plasma

Tsunami-generated IGWs and the response of the ionosphere to 
neutral motion at 2:40 UT.



Tsunami physics

Tsunami signature in the ionosphere



Vietnamese-Italian Bilateral Projects

Establishing appropriate approaches to increase 
Earthquake preparedness in Vietnam

Advanced seismic micro-zoning for mega cities 
(Hanoi and Ho Chi Minh cities) in Vietnam

Establishing appropriate approaches to increase 
Tsunami preparedness in Vietnam

Bilateral projects approved in the Vietnamese - Italian Executive 
Programme in Science and Technology for the years 

2002-2005, 2006-2008, 2009-2011

Institute for Geophysics, VAST - DST, University of Trieste



Vietnam

Seismotectonic map of  Vietnam



Vietnam

Map of the Southern 
Chinese Sea, with the 
locations of the 
sevenselected 
tsunamigenic seismic 
sources (the red pins 
correspond to the 
epicenters), 

and of the seven 
selected receiver sites 
(yellow pins) along 
the Vietnam coasts.

Tsunami scenarios for the Vietnam’s coasts
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Vietnam

Tsunami computation - Snapshots for S1

Snapshots of the tsunami wave height for a Mw=8.0 event located at Source 1 position



Vietnam

Different scenarios
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Extended source models
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Tsunami scenarios - Source 4

Synthetic 
tsunamigrams 

computed at the 
different sites for 
Source 4 scenario

Site Vung Tau Bac Lieu

Distance (km) 169 275

Tmax (min) 118 187

Tmax − Tmin(min) 13 13

Strike max (°) 60 0

Max(cm) M=7 68 54

Max(cm) M=7.5 384 308

Max(cm) M=8 1022 820



Vietnam

Remarks
Events with magnitude M=8.0 (which is nearly the maximum 
magnitude in many regions of the South China domain) could 
generate tsunamis with amplitudes of a few meters, in agreement 
with a number of historical events reported in the catalogues

The low level of monitoring of the South China Sea and the high 
degree of anthropization of the Vietnam coasts (and their high 
level of vulnerability) could make the risk quite high.

We hope that the results can be used as a preliminary knowledge 
basis to: design early warning systems, reduce tsunami risk and 
plan land-use for the Vietnam coasts. 
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Seismicity in the Adriatic basin

Earthquakes with M≥5.4 (1964-2004 )

12.1967
5.4

3.2003
5.4

4.1988
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5.7

10.1974
5.4

2.1968
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Tsunami reported in 
ICTP Technical Report 2005:

CATALOGUE OF REPORTED 
TSUNAMI EVENTS IN THE 

ADRIATIC SEA 
(from 58 B.C. to 1979 A.D.)

Historical tsunami in the Adriatic basin
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Fig. 1. Bathymetric map of the Adriatic Sea. The bathymetric contours are drawn with a step of 20m in the range from 0 to –200m and
with a step of 200m in the range from –200m to –1200m. The contours of the six tsunamigenic zones are shown in red, the blue triangles
correspond to the 12 receiver sites, the stars correspond to the epicenters of the considered events (yellow: offshore, orange: inland).

focal mechanism is chosen so that it has the maximum effi-
ciency in generating tsunamis (in our modelling it is always a
thrust fault, oriented normally to the source-site path in order
to maximise the radiation in the direction of the site (Okal,
1988)). We calculate scenarios for three different values
of magnitude and focal depth, to estimate how the tsunami
generation is affected by the variation of these parameters,
which are the most relevant in determining the intensity of
the tsunami. For each source zone we choose a number of
sites (usually four) among the major towns on the Adriatic
coasts where we calculate the synthetic mareograms. The
bathymetry along each source-site path is extracted from a
bathymetric map1. The water depth at the sites where the
mareograms are calculated is always taken to be 50m.

1AdriaMed, 2001. The Geographical Management Units of the
Adriatic Sea. Paper presented at the GFCM-SAC Working Group
on Management Units (Alicante, 23–25 January 2001). FAO-
MiPAF Scientific Cooperation to Support Responsible Fisheries in
the Adriatic Sea. GCP/RER/010/ITA/OP-02: 12 pp. Available from
World Wide Web �http://www.faoadriamed.org/pdf/0P-02.zip�.

Table 1. Main parameters identifying the four sites of Zone 1.

Site Latitude Longitude Epicentral dist. R

Durres (DU) 41.32◦ N 19.45◦ E 404 km
Ortona (OR) 42.35◦ N 14.40◦ E 138 km
Split (SP) 43.52◦ N 16.43◦ E 90 km
Venice (VE) 45.42◦ N 12.37◦ E 331 km

3.1.1 Zone 1: Eastern Central Adriatic Sea and coasts of
Croatia

This zone includes the area South-East of the central Adri-
atic pit (or Jabuka pit) and the Croatian coasts from Zadar
to the island of Hvar. The seismicity of the coastal region is
determined by the subduction of the Adriatic plate under the
Dinarides (ZS9) while the seismicity of the central Adriatic
area is of intra-plate type (Slejko et al., 1999; Ivancic et al.,
2002). The typical fault mechanisms are thrust or strike-slip
and the focal depth ranges from 10 to 25 km. Most of the
zone is underwater and so macroseismic data are not abun-
dant. The maximum reported historical magnitude isM=6.1

Nat. Hazards Earth Syst. Sci., 7, 309–325, 2007 www.nat-hazards-earth-syst-sci.net/7/309/2007/

Bathymetric map of the Adriatic Sea. 
The bathymetric contours are drawn 
with a step of 20 m in the range 
from 0 to –200 m and with a step of 
200 m in the range from –200 m to 
–1200 m. 

The contours of the six tsunamigenic 
zones are shown in red, the blue 
triangles correspond to the 12 
receiver sites, the stars correspond 
to the epicenters of the considered 
events (yellow: offshore, orange: 
inland).

Paulatto M., Pinat T., Romanelli F. , 2007. Tsunami hazard scenarios in the Adriatic Sea domain”. 
Natural Hazards And Earth System Sciences (on line), vol. 7, pp. 309-325.
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Fig. 1. Bathymetric map of the Adriatic Sea. The bathymetric contours are drawn with a step of 20m in the range from 0 to –200m and
with a step of 200m in the range from –200m to –1200m. The contours of the six tsunamigenic zones are shown in red, the blue triangles
correspond to the 12 receiver sites, the stars correspond to the epicenters of the considered events (yellow: offshore, orange: inland).

focal mechanism is chosen so that it has the maximum effi-
ciency in generating tsunamis (in our modelling it is always a
thrust fault, oriented normally to the source-site path in order
to maximise the radiation in the direction of the site (Okal,
1988)). We calculate scenarios for three different values
of magnitude and focal depth, to estimate how the tsunami
generation is affected by the variation of these parameters,
which are the most relevant in determining the intensity of
the tsunami. For each source zone we choose a number of
sites (usually four) among the major towns on the Adriatic
coasts where we calculate the synthetic mareograms. The
bathymetry along each source-site path is extracted from a
bathymetric map1. The water depth at the sites where the
mareograms are calculated is always taken to be 50m.

1AdriaMed, 2001. The Geographical Management Units of the
Adriatic Sea. Paper presented at the GFCM-SAC Working Group
on Management Units (Alicante, 23–25 January 2001). FAO-
MiPAF Scientific Cooperation to Support Responsible Fisheries in
the Adriatic Sea. GCP/RER/010/ITA/OP-02: 12 pp. Available from
World Wide Web �http://www.faoadriamed.org/pdf/0P-02.zip�.

Table 1. Main parameters identifying the four sites of Zone 1.

Site Latitude Longitude Epicentral dist. R

Durres (DU) 41.32◦ N 19.45◦ E 404 km
Ortona (OR) 42.35◦ N 14.40◦ E 138 km
Split (SP) 43.52◦ N 16.43◦ E 90 km
Venice (VE) 45.42◦ N 12.37◦ E 331 km

3.1.1 Zone 1: Eastern Central Adriatic Sea and coasts of
Croatia

This zone includes the area South-East of the central Adri-
atic pit (or Jabuka pit) and the Croatian coasts from Zadar
to the island of Hvar. The seismicity of the coastal region is
determined by the subduction of the Adriatic plate under the
Dinarides (ZS9) while the seismicity of the central Adriatic
area is of intra-plate type (Slejko et al., 1999; Ivancic et al.,
2002). The typical fault mechanisms are thrust or strike-slip
and the focal depth ranges from 10 to 25 km. Most of the
zone is underwater and so macroseismic data are not abun-
dant. The maximum reported historical magnitude isM=6.1

Nat. Hazards Earth Syst. Sci., 7, 309–325, 2007 www.nat-hazards-earth-syst-sci.net/7/309/2007/

Synthetic mareograms for H =10 km (blue), 15 
km (red), 25 km (green). Magnitude: M =6.5.
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Fig. 2. Bathymetric profiles (in blue) along source-site paths and
their parameterisations (in black) used for calculations for the four
sites of Zone 1. From above: Venice (VE), Durres (DU), Ortona
(OR) and Split (SP).
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Fig. 3. Synthetic mareograms for Zone 1. Focal depth, H=10 km
(blue), 15 km (red), 25 km (green). Magnitude: M=6.5.

(Musson, 1999). Even according to the most pessimistic es-
timates, earthquakes with magnitude lower than 6.0 generate
tsunamis with maximum amplitude of the order of a few cen-
timetres, therefore we study events with much higher values
of magnitude (i.e. 6.5, 7.0 and 7.5) to emphasise the tsunami-
genic effect. Three values of focal depth are used in the cal-
culations: 10, 15 and 25 km.
The focal mechanism fixed for all simulations is a thrust,

with dip angle of 45 degrees (T45). The location of the epi-
center is fixed at the point of coordinates 43.20◦ N, 15.21◦ E,
near the central Adriatic pit, in correspondence of the 29
March 2003 earthquake of magnitude M=5.52. The liquid

2Blasetti, C.: Bachelor Degree in Physics, Thesis work with ti-

Table 2. Main parameters identifying the four sites of Zone 2.

Site Latitude Longitude Epicentral dist. R

Durres (DU) 41.32◦ N 19.45◦ E 547 km
Ortona (OR) 42.35◦ N 14.40◦ E 158 km
Venice (VE) 45.42◦ N 12.37◦ E 219 km
Zadar (ZA) 44.12◦ N 15.22◦ E 143 km
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Fig. 4. Synthetic mareograms for Zone 2. Focal depth, H=10 km
(blue), 15 km (red), 25 km (green). Magnitude: M=6.0.

layer above the source is 200m thick. Four sites are chosen,
in correspondence of the cities of Durres, Ortona, Split and
Venice. The main parameters identifying each site are listed
in Table 1. In Fig. 2 we show as an example the bathymet-
ric profiles and their parameterisations along the source-site
paths for the four sites of Zone 1. The synthetic mareograms
calculated at the four sites for magnitude M=6.5 are shown
in Fig. 3.

3.1.2 Zone 2: Eastern Italian coast

This zone comprehends the Adriatic coasts of Central Italy,
from Ravenna to San Benedetto del Tronto. The seismicity
is determined by the passive subduction of the Adriatic plate
under the Northern Apennines (Slejko et al., 1999). The fo-
cal mechanisms are mainly thrust and strike-slip (ZS9), with
focal depth ranging from 10 to 25 km. The maximum mag-
nitude reported on the historical catalogues isM=6.0 (NT4).
For the simulations magnitude values of 6.0, 6.5 and 7.0 are
chosen. Three values of focal depth are used in the calcu-
lations: 10, 15 and 25 km. The location of the represen-
tative epicenter used for the modelling is chosen offshore,
at the point of coordinates 43.65◦ N, 13.55◦ E, in correspon-
dence of the epicenter of the 1972 earthquake of magnitude
5.1 (CFT, NT4.1, CEE), about 10 km far from the coast of
Ancona. The liquid layer above the source is 50m thick.
The receiving sites are chosen in correspondence of the cities
of Durres, Ortona, Venice, and Zadar. The main parame-
ters identifying each site are listed in Table 2. The synthetic

tle: “Simulazione di tsunami in Adriatico”, Università degli Studi
di Trieste, 2003.

www.nat-hazards-earth-syst-sci.net/7/309/2007/ Nat. Hazards Earth Syst. Sci., 7, 309–325, 2007
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(Musson, 1999). Even according to the most pessimistic es-
timates, earthquakes with magnitude lower than 6.0 generate
tsunamis with maximum amplitude of the order of a few cen-
timetres, therefore we study events with much higher values
of magnitude (i.e. 6.5, 7.0 and 7.5) to emphasise the tsunami-
genic effect. Three values of focal depth are used in the cal-
culations: 10, 15 and 25 km.
The focal mechanism fixed for all simulations is a thrust,

with dip angle of 45 degrees (T45). The location of the epi-
center is fixed at the point of coordinates 43.20◦ N, 15.21◦ E,
near the central Adriatic pit, in correspondence of the 29
March 2003 earthquake of magnitude M=5.52. The liquid

2Blasetti, C.: Bachelor Degree in Physics, Thesis work with ti-

Table 2. Main parameters identifying the four sites of Zone 2.

Site Latitude Longitude Epicentral dist. R

Durres (DU) 41.32◦ N 19.45◦ E 547 km
Ortona (OR) 42.35◦ N 14.40◦ E 158 km
Venice (VE) 45.42◦ N 12.37◦ E 219 km
Zadar (ZA) 44.12◦ N 15.22◦ E 143 km
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(blue), 15 km (red), 25 km (green). Magnitude: M=6.0.

layer above the source is 200m thick. Four sites are chosen,
in correspondence of the cities of Durres, Ortona, Split and
Venice. The main parameters identifying each site are listed
in Table 1. In Fig. 2 we show as an example the bathymet-
ric profiles and their parameterisations along the source-site
paths for the four sites of Zone 1. The synthetic mareograms
calculated at the four sites for magnitude M=6.5 are shown
in Fig. 3.

3.1.2 Zone 2: Eastern Italian coast

This zone comprehends the Adriatic coasts of Central Italy,
from Ravenna to San Benedetto del Tronto. The seismicity
is determined by the passive subduction of the Adriatic plate
under the Northern Apennines (Slejko et al., 1999). The fo-
cal mechanisms are mainly thrust and strike-slip (ZS9), with
focal depth ranging from 10 to 25 km. The maximum mag-
nitude reported on the historical catalogues isM=6.0 (NT4).
For the simulations magnitude values of 6.0, 6.5 and 7.0 are
chosen. Three values of focal depth are used in the calcu-
lations: 10, 15 and 25 km. The location of the represen-
tative epicenter used for the modelling is chosen offshore,
at the point of coordinates 43.65◦N, 13.55◦ E, in correspon-
dence of the epicenter of the 1972 earthquake of magnitude
5.1 (CFT, NT4.1, CEE), about 10 km far from the coast of
Ancona. The liquid layer above the source is 50m thick.
The receiving sites are chosen in correspondence of the cities
of Durres, Ortona, Venice, and Zadar. The main parame-
ters identifying each site are listed in Table 2. The synthetic

tle: “Simulazione di tsunami in Adriatico”, Università degli Studi
di Trieste, 2003.

www.nat-hazards-earth-syst-sci.net/7/309/2007/ Nat. Hazards Earth Syst. Sci., 7, 309–325, 2007

Bathymetric profiles to (from top) Venice (VE), Durres 
(DU), Ortona (OR) and Split (SP)
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Table 8. Maximum amplitudes and travel times for the four sites of Zone 1. Scenarios are calculated for three values of magnitude,M=6.5,
7.0, 7.5, and three values of focal depth, H=10, 15, 25 km. Amplitudes are reported in meters. Amplitudes exceeding 1m are written in bold
style.

M 6.5 7.0 7.5 Travel
H (km) 10 15 25 10 15 25 10 15 25 time (min)

Durres 0.02 0.01 <0.01 0.11 0.06 0.03 0.60 0.33 0.15 109
Ortona 0.07 0.04 0.02 0.40 0.22 0.10 2.25 1.22 0.54 23
Split 0.06 0.03 0.01 0.32 0.17 0.08 1.80 0.98 0.43 31
Venice 0.03 0.02 0.01 0.17 0.09 0.04 0.97 0.53 0.24 188

Table 9. Maximum amplitudes and travel times for the four sites of Zone 2. Scenarios are calculated for three values of magnitude,M=6.0,
6.5, 7.0, and three values of focal depth, H=10, 15, 25 km. Amplitudes are reported in meters. Amplitudes exceeding 1 m are written in bold
style.

M 6.0 6.5 7.0 Travel
H (km) 10 15 25 10 15 25 10 15 25 time (min)

Durres <0.01 <0.01 <0.01 0.01 <0.01 <0.01 0.05 0.02 0.01 178
Ortona 0.01 <0.01 <0.01 0.04 0.02 0.01 0.24 0.12 0.05 42
Venice <0.01 <0.01 <0.01 0.02 0.01 0.01 0.13 0.07 0.03 135
Zadar 0.01 <0.01 <0.01 0.03 0.01 0.01 0.15 0.08 0.03 84

others fixed.

– The greater is magnitude the larger is the maximum am-
plitude. Events with magnitudeM=6.0 (which is nearly
the maximum magnitude in many regions of the Adri-
atic domain) generate tsunamis with amplitudes of a few
centimetres. The shoaling and other amplification phe-
nomena due to the local morphology, could increase that
amplitude up to some factors, enough to cause small
damages and inundations, specially if coinciding with
the high tide or a sea storm (e.g. in Venice).

– The larger is the focal depth the smaller is the maximum
amplitude. According to the modal summation theory,
when a source is located deeper inside the Earth inte-
rior it is less efficient in exciting the high frequencies,
so their contribute to the total displacement at the sea
bottom is reduced. It follows that shallow earthquakes
are more capable than deep ones to generate tsunamis.

– Increasing the epicentral distance, the maximum ampli-
tude decreases, if we exclude local effects. This is due
to the fact that the radiation pattern is attenuated by the
geometrical spreading as we move the site far from the
source.

– The water layer thickness affects amplitude in two
ways: i) Where the depth of the liquid layer is thicker
tsunami waves are faster and the geometrical spread-
ing is more intense, e.g. the source-site paths cross-
ing the southern-Adriatic ridge, where the water thick-
ness reaches 1200m, present a reduction of travel times

and maximum amplitudes (compared with travel paths
with the same epicentral distance); ii) Sources set un-
der a thinner water layer are less effective in generating
tsunamis (e.g. compare Zone 1 with Zone 2)

– The maximum overall amplitude is about 5m, calcu-
lated at the site set in correspondence of the city of
Dubrovnik for a magnitude 7.5 event with epicenter in
Zone 5.

We analyse now each zone separately.

Zone 1

Zone 1 is important for its central position in the Adriatic
Sea. We note that although the epicenter chosen for the sim-
ulations is closer to the Croatian coast than to the Italian one,
travel times are shorter and the maximum amplitude is larger
for the site in Ortona than for the site in Split. This is due to
the fact that the travel path from the epicenter to Ortona runs
along the central Adriatic pit where, since the water layer
is thicker, the waves move faster. The Croatian coasts are
sheltered by the presence of many islands and are highly un-
even, so the effect of a wave reaching the coast would depend
strongly on the local morphology, being amplified at some
sites and attenuated in others.
The amplitudes at the site in Durres are strongly reduced,

but the travel time is relatively short, just 1 h and 50min to
cover more than 400 km. In Venice the maximum amplitude
is just under 1m for the M=7.5 event, while a more real-
istic scenario with M=6.5 and a focal depth of 15 km pro-
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Maximum amplitudes and related arrival times for 
different depths and magnitude

Tsunami scenarios in Adriatic Sea - Zone I
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“Si sentirono orribilissimi terremoti, uno de’ 
quali, il 26  marzo (1511), tra le ore due e le 
ore tre dopo mezzogiorno, spaventoso, due 
torri del porto atterro’ con molte mura e 
case...molti villaggi restarono rovinati e si 

grande era l’accrescimento del mare che gli 
abitanti di Trieste si trasportarono ad alloggiare 

sotto il castello” (Kandler, 1863)
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Inland source ⇒ Green-function approach
Source 2 scenario: Trieste & Venice
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Fig. 8. Synthetic mareograms for Zone 3-b, magnitude, M=7.0.

Above: dip angle=45◦; below: dip angle=75◦. Blue line, d=10 km;
red line, d=20 km.

In particular a tsunami is reported in this area correspond-

ing to the 1511 earthquake. This event caused severe dam-

age to the buildings because of the strong shocks and also

may have generated a tsunami observed in the whole North-

ern Adriatic area, specially in Trieste, where the docks and

the lower city where inundated. The local chronicles report

the effects of the shocks and the inundation:

“Si sentirono orribilissimi terremoti, uno de’ quali,

il 26 marzo (1511), tra le ore due e le tre dopo mez-

zogiorno, spaventoso, due torri del porto atterro‘

con molte mura e case... molti villaggi restarono

rovinati, e si grande era l’accrescimento del mare,

che gli abitanti di Trieste si trasportarono ad allog-

giare sotto il castello (Kandler, 1863)3”.

This event is still cause of debate, since it is not clear

whether the inundation was directly caused by the earth-

quake. Our purpose is not to model in detail this specific

event, since our method is not suitable to simulate the sea

level displacement very near the coast. Thus further calcula-

tions, e.g. with numerical methods, may be needed to solve

this controversy.

The seismicity of this region is determined by the clash be-

tween the Adriatic plate and the Alps, the typical focal mech-

anism is thrust (Slejko et al., 1999). The typical focal depth

is about 8 km (ZS9). For the calculation of tsunami scenarios

we use as a starting point the parameterisation of the 1511

earthquake, as given by Fitzko et al. (2005) with magnitude

3Translation: “Terrible earthquakes were felt, one of them oc-

curred the 26th of March (1511) between two and three o’clock in

the afternoon, it knocked down two towers in the docks and many

walls and buildings (in Trieste)... many villages were reduced to

ravines and the sea level grew so much that the inhabitants of Tri-

este had to move under the castle”.

Table 7. Main parameters identifying the three sites of Zone 6.

Site Latitude Longitude Epicentral dist. R

Trieste (TS) 45.67◦ N 13.77◦ E 30 km, 50 km

Venice (VE) 45.45◦ N 12.35◦ E 130 km, 150 km

Ravenna (RA) 44.42◦ N 12.20◦ E 210 km, 230 km
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Fig. 9. Synthetic mareograms for Zone 6, magnitude, M=7.0.

Above: dip angle=45◦; below: dip angle=30◦. Blue line, d=20 km;
red line, d=40 km.

M=7.0. We first fix the distance of the source from the coast

to be d=40 km, the epicentral distance R=50 km for Trieste,

R=150 km for Venice and R=230 km for Ravenna and the

focal depth H=10 km. Successively more scenarios are cal-

culated reducing the distance of the source from the coast to

20 km and considering different values of magnitude (6.5 and

7.0). According to Pinat et al. (2005) two focal mechanisms

are considered: a T45 and a thrust fault with dipping angle of

30◦. The relevant parameters identifying each site are listed
in Table 7. The synthetic mareograms calculated at the three

sites are shown in Fig. 9.

4 Discussion of results

We computed synthetic mareograms for a number of

tsunamigenic areas in the Adriatic Sea. Here we discuss first

the results obtained for the offshore source cases (zones 1,

2, 3-a, 4, 5) which were modeled with the modal approach,

then the results for the inland source cases (zones 3-b and 6),

studied with the Green’s functions approach.

All travel times reported in Tables 8-14 are for the maxi-

mum amplitude peak.

4.1 Offshore sources

We point out some general aspects resulting from the calcu-

lations; the effect of each parameter is considered keeping all
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Table 14. Maximum amplitudes and travel times for the three sites of Zone 6, inland source case. Scenarios are calculated for two values of

magnitude,M=6.5, 7.0, two values of the inland distance of the source from the coast, d=20 km, 40 km and two values of the dipping angle,

dip=45◦, 30◦. Travel times reported are referred to maximum amplitude peaks. Amplitudes are reported in meters.

M 6.5 7.0 Travel

d (km) 20 40 20 40 time (min)

Trieste, dip = 45◦ <0.01 <0.01 0.02 0.01 7

Trieste, dip = 30◦ <0.01 <0.01 0.05 0.01 8

Venice, dip = 45◦ <0.01 <0.01 0.02 0.01 132

Venice, dip = 30◦ <0.01 <0.01 0.03 0.01 133

Ravenna, dip = 45◦ <0.01 <0.01 0.01 <0.01 189

Ravenna, dip = 30◦ <0.01 <0.01 0.01 <0.01 189

ous hazard for the population. The potentially most danger-

ous sources are located inland, so arrival times on the Italian

coasts would be too short (a few minutes after the shock) for

any alarm system to act efficiently.

In the Southern Adriatic Sea, the coasts of Southern Croa-

tia, Bosnia Herzegovina, Montenegro and Albania present

the highest seismicity in the Adriatic domain, with the possi-

bility of very strong events (M>7.0). Maximum amplitudes

calculated on the Eastern coast are of a few meters, but they

hardly reach 1 meter on the Western coast.

5 Conclusions

The results of our calculations suggest that a tsunami with

maximum amplitude up to a few meters can be expected also

in the Adriatic Sea, in agreement with a number of historical

events reported in the catalogues.

For the offshore sources, as expected, the maximum

tsunami amplitudes coincide with the highest magnitude of

the generating event and with the minimum focal depth.

An inland source is less efficient in the tsunamigenic effect

than an analogous offshore source. The maximum tsunami

height is caused by the closest-to-coast source with the high-

est magnitude. Fault mechanism, focal depth and water layer

thickness also affect tsunami generation and propagation.

Within the Adriatic Sea, the region most prone to generate

tsunamis seems to be the Eastern coast of the basin, where

the Adriatic plate presses against the Dinarides and the Al-

banides. Other regions where this phenomenon can occur

are the Gargano Peninsula, the Eastern coasts of Central Italy

and the Italian coasts on the Northern part of the basin.

Even though the cases of a smaller magnitude and deeper

event are more frequent (both in the case of offshore and in-

land sources), the use of the maximum credible values for

calculating the tsunami risk is fundamental in the framework

of protecting the Adriatic Sea coasts, specially in such a

small and densely urbanised area that do not allow enough

time to warn the population after a detection is made.

It has also to be taken into account that even if the seismic-

ity in the Adriatic area is not high, the sea tide is, on average,

twice that of the Mediterranean Sea and the coasts are gen-

erally quite shallow. In other words a modest tsunami wave

of a couple of meters, may superimpose to a high tide of the

order of the meter and thus cause major damages, if not loss

of life, in a large number of coastal urban settlements. Partic-

ularly in cases like this the identification of the tsunamigenic

sources driving the hazard is of great importance for a proper

tsunami risk assessment.

Appendix A

Catalogue of reported tsunami events in the

Adriatic Sea (from 58 BC to 1979 AD)4

This catalogue furnishes a collection of the reported tsunamis

within the Adriatic Sea, i.e. the Italian coasts from the Strait

of Otranto to the gulf of Trieste, the coasts of Slovenia, Croa-

tia, Serbia, Bosnia Herzegovina, Montenegro and Albania.

The events are obtained by cross-comparison between many

existing catalogues, in order to extract all the reported ones.

For each tsunamigenic event, when present in a catalogue, we

report: origin time, location, macroseismic intensity, mag-

nitude and the areas (within Adriatic basin) where tsunamis

have been reported. In the last column of the table, all the cat-

alogues in which some information on the event (earthquake

and tsunami) is reported, are listed; bold letters indicate the

main reference catalogue for that event (i.e. the catalogue

where the origin time has been taken from). Since in the

present catalogue more attention is paid to the tsunamis than

to the seismic events, the bold reference indicates always

the tsunami catalogue, and not the earthquake catalogue,

when contemporarily available. For some events there are no

records of a related tsunami (they are labeled as N.A.T.R.=

not available tsunami report) but they are included since their

location and magnitude suggest a tsunamigenic potential.

4Adapted from: Pinat, T., Romanelli, F., and Panza G. F.: “Cat-

alogue of reported tsunami events in the Adriatic Sea (from 58 BC

to 1979 AD)”, ICTP Internal Report 2005, IC/IR/2005/1
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Adriatic

Updating..
land threat level, as shown in Figure 3b, where the peak of the maximum values (black

line) is almost two meters high, thereby largely entering the red code zone.

The Albania-Northern Greece SZ (Fig. 3c) poses a threat comparable to that of

Montenegro. The marine threat level is reached on the entire coast stretch from Apulia up

Figure 3
Diagram of tsunami impact along the Italian coastlines of the Adriatic Sea following earthquakes generated by

the a) Croatia SZ, b) Montenegro SZ, c) Albania-Northern Greece SZ, d) Northern Apennines SZ, e) Apulia SZ,

and f) Kefallonia-Lefkada SZ. The profiles show maximum (black), average (blue) and average plus one
standard deviation (green) of the HMAXs (maximum water height above the mean sea level) aggregated for

each SZ. Horizontal scales are distances in kilometers: see Figure 4 for locating the diagram relative to the

coastline. Vertical scales are water heights in meters. Yellow, orange and red in the background show the

marine, land and severe land threat levels respectively (see text).

b

Figure 4

Combined threat levels posed by all SZs considered in this study (except for the Hellenic Arc), color-coded as in
Figure 3, and progressive distance (in km) along the target coastlines used for displaying the modeling results.

This map is intended for use in conjunction with Figures 3, 6 and 7.
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tectonics standpoint, the Adriatic Sea falls in the middle of the Adria plate that is being

pushed by Africa northward against stable Europe. Overall, the Adria is affected by

active compression and overridden by thrust belts on all sides.

The purpose of this work was to assess systematically the potential threat posed by

earthquake–generated tsunamis on the Italian coastline of the Adriatic Sea, following the

approach proposed by LORITO et al. (2008). To this end, we first compiled a database of

potentially-tsunamigenic earthquake faults, then used them as input in the preparation of

scenarios of maximum water height (above mean sea level) based on numerical

simulations of tsunami propagation. Potential tsunami sources were selected from the

seismogenic sources listed in version 3.0.4 of the Database of Individual Seismogenic

Figure 1

Tectonic sketch map of the Adriatic basin. The double-headed arrow indicates the floating path of the Typical

Faults (see Table 1 for their parameters). a) Coastal and Offshore Croatia; b) Montenegro; c) Albania - Northern
Greece; d) Northern Apennines; e) Apulia; f) Kefallonia-Lefkada. Selected major earthquakes discussed in the

paper are indicated. The traces of the cross sections in Figure 2 are also shown.

2118 M.M. Tiberti et al. Pure appl. geophys.,

Tectonic sketch map of the Adriatic basin. Combined threat levels posed by all SZs

Tiberti et al., 2009. Scenarios of Earthquake-Generated Tsunamis for the 
Italian Coast of the Adriatic Sea, Pageoph, 165, 2117–2142.
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