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Neo-deterministic approach

Modelling of ground shaking scenarios 

Regional scale: on a grid of sites covering the studied area

Local scale: along laterally heterogeneous profiles 

Collection of available data

Structural properties

Historical seismicity

Tectonic regime

Active seismogenic zones

...
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Scenarios - Regional Scale

Seismic zonation based on the computation of synthetic seismograms 
on the nodes of a grid that covers the study area

Average structural properties

Simple source model (scaled point source)

Cut-off frequency 1 Hz

Maps of peak displacement, velocity 
and Design Ground Acceleration

Easy parametric tests

Modal summation technique
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Scenarios - Event Scale

Ground-shaking scenario for a single, specific event

Average structural properties

Simple or detailed source model

Cut-off frequency 1 or 10 Hz

Maps of peak displacement, velocity and acceleration

Modal summation technique
s14f1tra.amx
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Scenarios - Local Scale

Synthetic seismograms computed along selected profiles

Laterally heterogeneous structural models

Detailed source model

Cut-off frequency up to 10 Hz

Maps of ground motion amplification

Hybrid technique (modal summation + finite difference)
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Once upon a time...

1985: it all started...
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Once upon a time...

1985: it all started...

Synthetic seismograms: the Rayleigh waves modal summation (Panza, 1985)
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Once upon a time...

1985: it all started...

Job submission on the Mainframe Computer of the Trieste University: 
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Once upon a time...

1985: it all started...

Job submission on the Mainframe Computer of the Trieste University: 

Submit in the evening...

Cross fingers...

Get the results in the morning...

Maybe...

Do it again...
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Once upon a time...

1985: it all started...

Synthetic seismograms: the Rayleigh waves modal summation (Panza, 1985)
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Once upon a time...

1991: SH waves as well...

Complete synthetic seismograms for multimode for high-frequency multimode SH-waves 
(Florsch et al., 1991)
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Once upon a time...

1991: SH waves as well...

Complete synthetic seismograms for multimode for high-frequency multimode SH-waves 
(Florsch et al., 1991)
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Once upon a time...

1991: SH waves as well...

Structure definition
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Once upon a time...

1991: SH waves as well...

Job submission on the IBM 3090 Mainframe Computer in Bologna (ENEA): 

Submit at any time...

Cross fingers...

Get the results in a couple of hours...
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Once upon a time...

1991: SH waves as well...

Complete synthetic seismograms for multimode for high-frequency multimode SH-waves 
(Florsch et al., 1991)
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Once upon a time...

1993: Seismic zonation at national scale!

Zoning of the Italian territory in terms of expected peak ground acceleration derived 
from complete synthetic seismograms (Costa et al., 1993)
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Once upon a time...

1993: Seismic zonation at national scale!

Zoning of the Italian territory in terms of expected peak ground acceleration derived 
from complete synthetic seismograms (Costa et al., 1993)



International School on “Advanced Modeling of Seismic Hazard in Africa”, Cairo, 25-29 October 2014

Once upon a time...

1993: Seismic zonation at national scale!

Job submission on local Unix workstation: 

Submit at any time...

Get the results in a day...
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Once upon a time...

1993: Seismic zonation at local scale!
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Once upon a time...

1993: Seismic zonation at local scale!

A new method for the realistic estimation of seismic ground motion in megacities: the 
case of Rome (Fäh et al, 1993)
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Once upon a time...

1993: Seismic zonation at local scale!

Job submission on local Unix workstation: 

Submit any time...

Get the results in a week...
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Once upon a time...

1993: Seismic zonation at local scale!

A week, that is, about the same time that it took to prepare a model...
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Nowadays...

Seismic zonation at national scale

Executing the same computation on modern desktop or laptop computers is a matter 
of hours...
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Nowadays...

Seismic zonation at local scale

Executing the same computation on modern desktop or laptop computers is a matter 
of hours...

... and preparing the model is even faster than that 
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Nowadays - Regional scale
Regional
polygons

Structural model

Earthquake
catalogue

Seismogenic
zones

Magnitude discretization
and smoothing

Focal
mechanisms

Choice of maximum 
magnitude for each cell

Choice of focal mechanism 
for each seismogenic zone

Seismic sources

Sites considered for each 
source

Synthetic seismograms

Extraction of significant
ground motion parameters

1-D layered
anelastic structures
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Regional scale - Structural model
Regional
polygons

Structural model

1-D layered
anelastic structures
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Regional scale - Structural model
Regional
polygons

Structural model

1-D layered
anelastic structures
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Regional scale - Sources
Regional
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Regional scale - Sources
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Regional scale - Sources
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Regional scale - Sources

Magnitude discretization
and smoothingSeismicity
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Regional scale - Sources

Magnitude discretization
and smoothingSeismicity 1 - Discretization
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Regional scale - Sources

Magnitude discretization
and smoothingSeismicity 1 - Discretization 2 - Smoothing
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Regional scale - Sources

Magnitude discretization
and smoothingSeismicity 1 - Discretization 2 - Smoothing

3 - Seismogenic zone
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Regional scale - Sources

Magnitude discretization
and smoothingSeismicity 1 - Discretization 2 - Smoothing

4 - Truncation 3 - Seismogenic zone
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Regional scale - Sources

Magnitude discretization
and smoothingSeismicity 1 - Discretization 2 - Smoothing

4 - Truncation5 - Sources 3 - Seismogenic zone
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Regional scale - Sources

Magnitude discretization
and smoothingSeismicity

Sources
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Regional scale - Sources
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Regional scale - Sources

Magnitude discretization
and smoothingSeismicity

Sources

Why do we do this?

To account for mislocations of events in the catalogue
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Regional scale - Sources

Magnitude discretization
and smoothingSeismicity

Sources

Why do we do this?

To account for mislocations of events in the catalogue

To account (roughly) for fault dimensions
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Regional scale - Sources

Magnitude discretization
and smoothingSeismicity

Sources

Why do we do this?

To account for mislocations of events in the catalogue

To account (roughly) for fault dimensions

To account for the location of future events

In essence: to be conservative...
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Regional scale - Discretized Magnitude

6˚

6˚

8˚

8˚

10˚

10˚

12˚

12˚

14˚

14˚

16˚

16˚

18˚

18˚

20˚

20˚

36˚

38˚

40˚

42˚

44˚

46˚

48˚

3.5

5.0

5.5

6.0

6.5

7.0

7.5

M



International School on “Advanced Modeling of Seismic Hazard in Africa”, Cairo, 25-29 October 2014

6˚

6˚

8˚

8˚

10˚

10˚

12˚

12˚

14˚

14˚

16˚

16˚

18˚

18˚

20˚

20˚

36˚

38˚

40˚

42˚

44˚

46˚

48˚

3.5

5.0

5.5

6.0

6.5

7.0

7.5

M

Regional scale - Smoothed magnitude
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Regional scale - Sources inside SZ
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Source definition - Radiation pattern

vertical strike-slip

45° dipping strike-slip

45° dipping oblique slip

45° dip-slip (thrust)

45° dip-slip (normal)

vertical dip-slip

Love   Rayleigh

Dip 

Strike - receiver

 

Rake 
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The moment-magnitude relation 
by Kanamori (1977) is used

At first synthetic seismograms are 
computed for a unitary scalar 
seismic moment (1 dyn cm)

Then they are scaled for magnitude 
in the frequency domain according 
to the spectral law by Gusev (1983) 
as reported in Aki (1987)

Source definition - Scaled point source
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Source kinematic model

Source definition - Scaled point source
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2-dimensional final slip distribution over a source 
rectangle, shown as a density plot (Mw=7.0).

Rupture front evolution was simulated 
kinematically from random rupture velocity field. 

(Gusev, 2011)

Far-field source time histories and their spectra. 

“Displacement” far-field functions (arbitrary 
scale) for the simulated case of mostly unilateral 

rupture propagation
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Example computation - Ground shaking
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Example computation - Ground shaking
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Example computation - Ground shaking
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To obtain an estimate of PGA, overcoming the 1 Hz limitation chosen 
in the modelling, the shape of Design Spectra can be used

From 1Hz acceleration to DGA
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0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
T (s)

EC8 -Soil A
synt -Soil A

Design Ground Acceleration:      ≈ 0.2 g
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From 1Hz acceleration to DGA
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The procedure gives good results when applied to the case of the 
Irpinia 1980 earthquake. The DGA predicted by the modelling is 
similar the actual DGA obtained from recordings

From 1Hz acceleration to DGA

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

0 1 2 3 4 5 6 7 8 9 10
T (s)

synthetic

EC8 soil “A”

Sturno NS

Sturno Z

Design Ground Acceleration:      ≈ 0.4 g

Irpinia, 1980: M = 6.9
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Regional Scale - Check (1 Hz cutoff)

Friuli, 6 May 1976 (North-Eastern Italy) Irpinia, 23 October 1980 (Southern Italy)

Comparison with two grid nodes
close to the Tolmezzo station

0 2 4 6 8 10 12 14 16
time (s)
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synthetic

VERY complicated source model

Point-source inadequate to reproduce 
duration, but peak value is OK
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Regional Scale - Check (1 Hz cutoff)

Friuli, 6 May 1976 (North-Eastern Italy) Irpinia, 23 October 1980 (Southern Italy)

VERY complicated source model

Point-source inadequate to reproduce 
duration, but peak value is OK

Comparison with two grid nodes
close to the Tolmezzo station
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With a sequence of point sources the 
duration can be reproduced but this is 
deliberately neglected since rupturing 

process is not known a priori
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Parametric Test on Earthquake Catalogue

gpscpti.uni
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Parametric Test on Earthquake Catalogue

CPTI

CPTI - UCI

gpscptif2maxexm.dga
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Regional Scale - Homogeneity!

If seismogenic zones are not defined according to homogeneous 
criteria, hazard results will be hardly comparable (source: 
GSHAP)
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Regional Scale - Homogeneity!
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FORTRAN codes

gfortran compiler
(any should work)

Plotting tools

GMT

gnuplot

Shell scripts

Regional Scale - Implementation

Regional
polygons

Structural model

Earthquake
catalogue

Seismogenic
zones

Magnitude discretization
and smoothing

Focal
mechanisms

Choice of maximum 
magnitude for each cell

Choice of focal mechanism 
for each seismogenic zone

Seismic sources

Sites considered for each 
source

Synthetic seismograms

Extraction of significant
ground motion parameters

1-D layered
anelastic structures
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Local Scale - Definition of Model
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Local Scale - Definition of Model

Modal Summation

Source

Sites
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Local Scale - Input Definition

Modal Summation

Parameters file for program pfdg10
---------------------------------------------------------------------------
Modal summation model
---------------------------------------------------------------------------
test.spr                          Modes for 1D structure
0         First mode to use (1=fundamental, 0=all)
0         Last mode to use (0=all)
10.0      Low pass filter cutoff frequency (xcutof)
.50       Ratio between filter's max freq with unit response and xcutof
.02       Low pass filter amplitude at cutoff
0         Interpolation for modal summation part 
5.000     Source depth (km)
125.0     strike-receiver angle (SH modelling)
45.0      fault dip             (SH modelling)
90.0      fault rake            (SH modelling)
125.0     strike-receiver angle (P-SV modelling)
45.0      fault dip             (P-SV modelling)
90.0      fault rake            (P-SV modelling)
7.5       Source-2D model origin distance (km)
---------------------------------------------------------------------------
Finite differences model
---------------------------------------------------------------------------
test                           Generated FD model
test.pof                      Polygons with 2D part definition
2800      Max number of grid points along x
600       Max number of grind points along z
0         Force an air layer of 5 grid points without topography (0=no, 1=yes)
0.0       Min velocity (km/s) for grid definition (0=auto -> look for min Vs)
0         FD model length from 1st column of seismograms (km) (0=auto)
0.00      FD model depth (km) (0=auto)
0.000     Grid spacing (km) (0=auto)
0         dz multiplier (0=auto)
0.000     Depth where step along z changes (0=auto)
0         Number of absorbing points along x (0=auto)
0         Number of absorbing zones (0=auto)
0         Lowest Q for absorbing zones (0=auto)
0         Highest Q for absorbing zones (0=auto)
1         Geom. spreading (0=no, 1=yes) for SH (suggested: 0 far/short,1 near/long)
1         Geom. spreading (0=no, 1=yes) for P-SV (suggested: 1)
10        Time window length (s) for 1D SH (0=auto)
10        Time window length (s) for 1D P-SV (0=auto)
10        Time window length (s) for 2D SH (0=auto)
10        Time window length (s) for 2D P-SV (0=auto)
00        Shift in origin time (SH)
00        Shift in origin time (P-SV)
-------------------------------------------------------------------

Finite Difference
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FORTRAN codes

gfortran compiler
(any should work)

Plotting tools

GMT

gnuplot

Shell scripts

Perl scripts

Local Scale - Implementation
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Local Scale - Choice of Scenario Earthquakes

Regional zonation

Morphostructural analysis

Active faults

Earthquake prone areas

S1

S2

S3

Trieste



International School on “Advanced Modeling of Seismic Hazard in Africa”, Cairo, 25-29 October 2014

Local Scale - Choice of Profiles
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Local Scale - Choice of Profiles
Profiles definition in Google Earth
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Local Scale - Choice of Profiles
Definition of the profile topography
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Drawing of the profile with XDigiMac

Local Scale - Choice of Profiles
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Main elements of XDigiMac user interface

Local Scale - Choice of Profiles
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Local Scale - Preliminary Parametric Test

Radiation Pattern

Source Depth
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Local Scale - Synthetic Seismograms 2D
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Local Scale - Response Spectra Ratios

2D/1D RSR
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Local Scale - Seismograms and Response 

Same site at the intersection of two profiles (red triangle)

Z

R
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Accelerogram Response spectrum Accelerogram Response spectrum
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Local Scale - Source Model

Seismic Source of finite dimension and complicated rupturing process

T R Z

P

F

N

B
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 74 

 
 
Fig. 3.23 - Accelerogrammi sintetici ed accelerogrammi differenziali per la componente trasversale 

del moto calcolati lungo il profilo C usando il modello dinarb per la propagazione delle onde dalla 

sorgente all’inizio del profilo. Sorgente in S3 scalata mediante il metodo PULSYN per un azimut di 

90° e magnitudo M=6.5. Il valore di picco è indicato in cm/s2 in corrispondenza del segnale di 

ampiezza maggiore. Nella colonna di sinistra è mostrata la componente trasversale estratta dalla 

figura 3.21. Nella colonna centrale sono mostrati gli accelerogrammi differenziali ottenuti in ciascun 

sito sottraendo al segnale modellato in loco il segnale ottenuto al sito adiacente piú vicino alla 

sorgente. Si può notare come i valori differenziali abbiano, in alcune porzioni del profilo, ampiezza 

confrontabile con l’accelerazione assoluta. Nella colonna di destra, al fine di evidenziare il ruolo 

giocato dalle eterogeneità laterali del modello, sono mostrati gli accelerogrammi differenziali calcolati 

per il modello di bedrock di riferimento dinarb. Il rettangolo lungo il profilo evidenzia la posizione 

del viadotto del raccordo autostradale nei pressi di via Caboto.  

 

 

Local Scale - Differential Motion
Significant for elongated structures (bridges, lifelines etc)

Transverse Acceleration Differential (2D) Differential (1D)
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Local Scale - Engineering Analysis

The data set of synthetic seismograms can 
be used and analysed by civil engineers for 
design and reinforcement actions, and 
therefore supply a particularly powerful 
and economical tool for the prevention 
aspects of Civil Defence.
Evaluate the response of relevant man-
made structures, in terms of displacements 
and stresses, with respect to a set of 
possible scenario earthquakes

Palazzo Carciotti
(masonry)

Model Vertical tensions
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Then what?
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Then what?

Not fully satisfied with shell scripts
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Then what?

Not fully satisfied with shell scripts

How to reach the potential adopters?
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Then what?

Not fully satisfied with shell scripts

How to reach the potential adopters?

Web application!
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The Web Application

See you at the computer exercise session!
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The Web Application
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The Web Application
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The Web Application
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The Web Application
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The Web Application
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The Web Application
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The Web Application
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The Web Application
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The Web Application
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Computational tasks

Optimization

Identification of critical package programs

Identification of hot spots within programs

Porting to grid or cloud infrastructure

Parametric runs

Data management
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Flow chart of the package - Optimization

Regional
polygons

Structural 
model

Earthquake
catalogue

Seismogenic
zones

Magnitude 
discretization
and smoothing

Focal
mechanisms

Choice of maximum 
magnitude for each 

cell

Choice of focal 
mechanism for each 
seismogenic zone

Seismic sources

Sites considered for 
each source

Synthetic seismograms

Extraction of significant
ground motion parameters

1-D layered
anelastic 

structures

Speed optimization
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Optimization - Profiling
2011/04/15" 13:01:55"  " esgr0050" computing        74 seismograms for structure n.  1 (index 0010)
2011/04/15" 13:02:14"  " esgr0050" radial components computed and rotated to NS and EW
2011/04/15" 13:02:14"  " esgr0050" OK - Execution terminated
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Optimization - Seismogram computation

Removed repeated formatted disk I/O, defined new arrays instead

6.5 hours         2 hours (Rayleigh waves) (3.25 x speedup)
5 hours         1.3 hours (Love waves)      (3.8 x speedup)

 Tested further optimization: sorting seismograms by source depth

2 hours           1.0 hours (Rayleigh waves) (2.0 x speedup)
1.3 hours         0.8 hours (Love waves)     (1.6 x speedup)

0

3.75

7.5
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Before After I/O opt After sorting

H
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Total speedup: ~6.5 x
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Flow chart of the package - Grid
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Project tasks - Grid
Add to the package a FORTRAN program that perturbs the 
properties of the earthquake source (orientation and depth, four 
parameters changed in loops)

Prepare a shell script to generate as many JDL scripts as the 
combinations of parameters are, and submits all the combinations to 
the grid in a single command

Improve the job submission

Manage data retrieval
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Further possible optimization...

Vectorization and parallelization

FFT routines

modal summation technique

receiverstructuresource
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The Web Application

See you at the computer exercise session!


