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Figure 1. (a) Map of California with the site location; (b) the surface faults and the
epicenter of the 1992 Landers earthquake, together with the location of the observation
station at the Lucerne valley; (c) the velocities; and (d) the displacements at the station.
Panel (b) also shows the direction of the strike slip, the directions of the fault-normal and
-parallel components, and the directions of the maximum velocity and displacement.

Green’s functions with shallow source points. Therefore, the
second obstacle is that the integrands of wavenumber inte-
grations (equation 2) do not converge with wavenumber
when the depths of source points are close to or on the free
surface (e.g., Apsel and Luco, 1983; Hisada, 1993, 1995).
In particular, the convergence is extremely slow in the case
of the static Green’s function (x ! 0). Therefore, special
techniques are needed to overcome the two obstacles.

The purpose of this article is to propose a mathematical
methodology for computing near-fault ground motions ef-
fectively and to use it for investigating the effects of fling
and directivity in several simple situations. We first carefully
check the fault integration (equation 1) using the simplest
fault model: an axially symmetric circular fault in a homo-
geneous full-space. Based on the results from this simple
case, we will then propose a new form of the representation
theorem for calculating the fault integration efficiently for
more general cases, involving arbitrary kinematic faulting
models in layered half-spaces. In addition, we propose an
efficient method for calculating the wavenumber integration
(equation 2), considering the surface faulting. Finally, we
check the validity of the proposed method and investigate
the physical basis of the fling and directivity effects.

Efficient Methods for Computing Near-Fault Ground
Motions in Layered Half-Spaces

Near-Fault Ground Motions Using an Axially
Symmetric Fault Model in a Homogeneous
Full-Space

We first check the basic characteristics of the dynamic
and static Green’s functions in the fault integration (i.e.,
equation 1) to find efficient ways for computing the near-
fault ground motions. In this section, we use the simplest
fault model, that is, the axially symmetric circular fault
model in a homogeneous full-space. In addition, we will
check the attenuation relation of the static offset using this
model.

Figure 2 shows the fault model and the location of an
observation point. R is the radius of the circular fault model.
We assume a uniform slip, D, over the fault plane. The ob-
servation point is located at a distance, z, above the center
of the fault. The dynamic displacement, U, in the same di-
rection as D, is easily obtained by substituting Green’s func-
tion of the homogeneous full-space (e.g., Kane, 1994) into
equation (1),

Michoacan, 1985
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Near fault ground motion

 
 
Fig. 4.3.  Schematic diagram showing the orientations of fling step and directivity pulse for 
strike-slip and dip-slip faulting. 
  

 
 
Fig. 4.4.  Schematic diagram of time histories for strike-slip and dip-slip faulting in which 
the fling step and directivity pulse are shown together and separately. 
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Regression example...

Peer report, 2001

 ....may vary greatly among the earthquake scenarios, considering different source locations (and 
rupture ...)
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In SHA the site effect should be defined as the average behavior, 
relative to other sites, given all potentially damaging earthquakes.

This produces an intrinsic variability with respect to different 
earthquake locations, that cannot exceed the difference between sites



PGA as a demand parameter…

-600
-400
-200

0
200
400
600
800

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15t (s )

a 
(c

m
/s

2
)

PGA

 
Figure 1 – Acceleration time history. Rocca NS record. 1971 Ancona earthquake (ML=4.7) 
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Figure 2 – Acceleration time history. Sylmar N360 record. 1994 Northridge earthquake (Mw=6.7) 

 

!"#$#%&'()*+(,&-,.)&%&/$,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,!"/+"))0+"/,1)+23&%&/$,

,
,
,
,

,
,
,
!"#$%&'(4, 5&60,7&0+8&"9(%,(##)%)0&/0(3,#&3'&")"92,:+97,);(#9%$,97),2(3),<.=,
,
,
,
,

>&33)0,?,>&&0), !"#

PBDE

SHA produces response spectral ordinates (or other intensity 
measures) for each of the annual probabilities that are specified for 

performance-based design.

In PBDE, the ground motions may need to be specified not only as 
intensity measures such as response spectra, but also by suites of 
strong motion time histories for input into time-domain nonlinear 

analyses of structures.

It is necessary to use a suite of time histories having phasing and 
spectral shapes that are appropriate for the characteristics of the 

earthquake source, wave propagation path, and site conditions that 
control the design spectrum.

Modern PSHA & DSHA dualism
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Multiscale Integrated SHA

Ground motion scenarios

Seismic Microzoning
(including lateral heterogeneities) 

Regional seismic hazard scenarios
(ground motion at bedrock)

Time dependent neo-deterministic seismic 
hazard assessment
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Application to critical facility (real bridges...)

Road map

Romanelli F., Panza G.F. ,Vaccari, F., 2004. 
Realistic Modelling of the Effects of Asynchronous motion at the Base of Bridge 
Piers, Journal of Seismology and Earthquake Engineering, Vol. 6, No. 2, pp. 19-28

VAB Project (EC)

Effects on bridge seismic response of 
asynchronous motion at the base of bridge piers

ADVANCED METHODS FOR ASSESSING 
THE SEISMIC VULNERABILITY 

OF EXISTING MOTORWAY BRIDGES

ARSENAL RESEARCH, Vienna, Austria; ISMES S.P.A,. Bergamo, Italy; 
ICTP, Trieste, Italy; UPORTO, Porto, Portugal; CIMNE, Barcelona, Spain; 

SETRA, Bagneaux, France; JRC-ISPRA, EU.

Warth bridge
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The bridge was designed for a horizontal 
acceleration of 0,04 g using the quasi 

static method. 

According to the new Austrian seismic 
code the bridge is situated in zone 4 with 
a horizontal design acceleration of about 

0,1 g: a detailed seismic vulnerability 
assessment was necessary.



Warth bridge - Seismic sources

1) Database of focal mechanism

2) Parametric study on focal mechanism:
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Methodology- 2D/1D spectral amplifications

Local model (2D)

Bedrock (1D)

Seismogram 2D

Seismogram 1D

Response spectra 2D

Response spectra 1D

Spectral ratio
2D/1D

Different source-sites configurations

 Bedrock
   model

S1 S2S3

S1
Strike = 190˚
Dip = 70˚
Rake = 324˚
Depth = 5 km
Mw = 5.5
Distance = 8.7 km

S2
Mw = 5.5

Distance = reverse

S3
Mw = 6.0
Distance = 50 km

PARAMETRIC STUDY 1 
Focal Parameters towards MCE

All the focal mechanism parameters of the original source model have been varied in 
order to find the combination producing the maximum amplitude of the various ground 

motion components.

Longitude (°) Latitude (°) Focal Depth
(km)

Strike
(°)

Dip
(°)

Rake
(°)

Magnitude
Ms (Mb)

16.120 47.730 18 190 70 324 5.5 (4.9)

1) Strike angle (Depth=5km)

2) Rake angle

3) Strike-Rake angles variation (Dip=45°)

4) Strike-Rake angles variation (Dip=70°)

5) Strike-Rake angles variation (Dip=90°)

6) Depth-Distance variation 

    (Strike=60°, Dip=70°,Rake=0, 90°)
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PARAMETRIC STUDY 2 - Fp towards 1Hz

Another parametric study has been performed in order to find a seismic source-Warth site 
configuration providing a set of signals whose seismic energy is concentrated around 1 Hz, 

frequency that corresponds approximately to that of the fundamental transverse mode of oscillation 
of the bridge.
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The results show that, in order to reach a relevant value of PGA (e.g. greater than 
0.1g) in the desired period range (i.e. 0.8-1.2 s), an alternative and suitable 

configuration is a source 
12 km deep at an epicentral distance of 30 km.

 

4

6

8

10

12

14

16

18

20

0 10 20 30 40 50 60 70 80 90 100
fo

ca
l d

ep
th

 (k
m

)

source-site distance (km)

100

150

200

250

300

350

400

450

500



Parametric study 2  - FS & RSR

The results show that, the local structure beneath the Warth bridge greatly amplifies the frequency 
components between 3 and 7 Hz, i.e. a frequency range not corresponding to the fundamental transverse 

mode of oscillation of the bridge (about 0.8 Hz)
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M=5.5; d=8.6km; h=5km
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M=6.5; d=30.0km; h=12km
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Site response estimation 
M=5.5; d=8.6km; h=5km
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Synthetic accelerations and diffograms
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Implementation of PSD tests
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Implementation of PSD tests

(a) physical piers in the lab, (b), schematic representation 
(c) workstations running the PSD algorithm and controlling the test 



Damage pattern after the end of the High-Level Earthquake PSD test, short pier A70. 

Force-displacement for Low-level earthquake - 
experimental results Pier A40 

Identification of insufficient seismic detailing. tall pier 
A40, buckling of longitudinal reinforcement at h = 

3.5m 

Extended source model
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2-dimensional final slip distribution over a source 
rectangle, shown as a density plot. Preset magnitude 

value Mw=7.0. Rupture front evolution was simulated 
kinematically from random rupture velocity field. 

Space-time histories for each of 
21 subevents of the simplified 

“line” source model of a 
simulated Mw=7 earthquake, and 
sum over subevents, giving the 

entire-source far-field time 
function

courtesy of Alexander Gusev

Directivity parametric study Directivity & PGV - PGA
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LANDSLIDE HAZARD

Cooperation with UC, 
USM, OGP

 cartography
 quebradas Cerro Cordillera

FIRE HAZARD

Cooperation with UC, 
USM, OGP,OREMI, CORPO 

DEI POMPIERI
 cartography

 churches protection
 pilot study Cerro 

Cordillera

GIS DATABASE

cooperation with 
OGP,OREMI, SHOA, 

FIREMEN CORP
 cartography
 aerial photos

 vulnerability analysis

Urban planning  analysis            
Cerro Cordillera pilot area

In situ vulnerability 
investigation

 restoration proposals

cooperation with OGP, 
UC, Police



Laser scanner 3D

cooperation with 
GEOCOM, OGP, FIREMEN 

CORP
 La Matriz

 San Francisco
 Hermanas de la Providencia

Objectives:

Hazard at a regional scale 

Scenario parametric tests

Validation with experimental data

Seismic input at urban scale

3 selected churches

Selected profiles with site effects

SEISMIC HAZARD

El Almendral station: acceleration, velocity 
and displacement for the 1985 event. 

a) computed (unilateral rupture) 

b) recorded. 

Comparison of response spectra: this 
study, recorded and the one simulated by 
Somerville et al., 1991. 

SEISMIC HAZARD Validation



Groundshaking scenario in the Valparaiso urban area for the 1985 event.  
NS component of velocities for bilateral rupture. 

SEISMIC HAZARD Urban scale

Example of seismic input computed at the 
La Matriz church: 1906 scenario, bilateral 

rupture. 

Displacements, velocities and accelerations 
for the two horizontal components of motion. 

SEISMIC HAZARD Seismic input for 3 selected churches

 
Bedrock model (depth) at El Almendral and the 

position of the two profiles with their 
parameters. 

Radial component of motion along profile 2. 
1906 scenario

SEISMIC HAZARD Profiles & site effects

Spectral amplifications obtained along profile 2. 
From top to bottom: radial and transverse component.  

SEISMIC HAZARD Regional scale
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TSUNAMI HAZARD

Some remarks on sound SHA

Source & site effects

Integrated methodology

Groundshaking scenarios modelling

Methodology & Case studies

A bird’s eye on tsunami hazard assessment

Some physical concepts

Outline

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).
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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 forecast model

Arrival time
Height

Inundation area

Inundation maps

Inundation modelling

maximum wave height and maximum current speed as a function of location, 
maximum inundation line, as well as time series of wave height at different 

locations indicating wave arrival time

Generation of a database of pre-computed 
scenarios from potential sources

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.

Some remarks on sound SHA

Source & site effects

Integrated methodology

Groundshaking scenarios modelling

Methodology & Case studies

A bird’s eye on tsunami hazard assessment

Some physical concepts

Case studies:  Adriatic Basin

Road map

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.



Adriatic

Seismicity in the Adriatic basin

Earthquakes with M≥5.4 (1964-2004 )
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1.1968
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Adriatic

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.

Adriatic

312 M. Paulatto et al.: Tsunami hazard scenarios in the Adriatic Sea domain

12

12

13

13

14

14

15

15

16

16

17

17

18

18

19

19

20

20

40 40

41 41

42 42

43 43

44 44

45 45

46 46

47 47

zone 6

zone 1

zone 5

zone 4

zone 2

zone 3

Trieste
Venice

Ravenna

Bari

Ortona

Ancona

Durres

Dubrovnik

Zadar

Split

Lesina

Tremiti

20

40

60

80

100

200

200

400

600

1000

1200

800

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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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

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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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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Vietnam

Map of the Southern 
Chinese Sea, 

with the locations of 
the six selected 
tsunamigenic seismic 
sources (the red pins 
correspond to the 
epicenters), 

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

considering the six 
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Vietnam

Tsunami scenarios - Source 1

Synthetic 
tsunamigrams 

computed at the 
different sites for 
Source 1 scenario

Site Khan Hoa Vung Tau Bac Lieu
Quang 
Ninh

Distance (km) 911 1028 1160 1736

Tmax (min) 205 229 261 397

Tmax ! Tmin(min) 6 6 6 7

Strike max (°) 30 15 7.5 60

Max(cm) M=7 16 14 13 10

Max(cm) M=7.5 93 84 76 56

Max(cm) M=8 378 345 314 225
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