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Integrated neo-deterministic seismic hazard
assessment:

- Real-time monitoring of the seismic flow

- Evaluating prediction results

- Pattern-recognition of earthquake prone areas
- Time-dependent ground shaking scenarios

- The Aquilano earthquake

The ASI-SISMA prototype system:
- General approach
- System engineering
- Products




Earth Observations
(GNSS and DInSAR)

Intermediate-term
middle-range
earthquake predictions

Pattern recognition
of earthquake prone areas

Restrained areas
for expected sources
+ Time

SPACE + TIME Integrated SEISMIC
INFORMATION FOR Neo-deterministic INPUT FOR
SEISMIC RISK Ground Motion ENGINEERING
MITIGATION Scenarios ANALYSIS

The real-time earthquake prediction
experiment in Italy
by CN and M8S algorithms




Real-time monitoring of the seismic flow
in the Italian Region and its surroundings

(Gabrielov et al., 1986; Rotwain and Novikova, 1999)
(Keilis-Borok and Kossobokov, 1987; Kossobokov et al., 2002)

Main features:
Fully formalized algorithms and software available for independent testing;
Use of published & routine catalogs of earthquakes (e.g. NEIC);
Worldwide tests ongoing for more than 15 years already permitted to assess

the significance of the issued predictions.
Italy:

Stability tests with respect to several free parameters of the algorithms (e.g.
Costa et al., 1995; Peresan et al., GJI, 2000, Peresan et al., PEPI, 130, 2002),

CN predictions are regularly updated every two months since January 1998.
M8S predictions are regularly updated every six months since January 2002.

=mmmd Real time prospective testing started in July 2003
(Peresan al., Earth Sci. Rev. 2005).

Intermediate-term middle-range earthquake prediction
experiment in Italy

The prediction experiment, ongoing for more than six years, is
aimed at a real/-time test of CN and M8S predictions in Italy.

Updated predictions are regularly posted at:
“http://www.ictp.trieste.it/www_users/sand/prediction/prediction.htm”

A complete archive of predictions is made accessible to a number
of scientists, with the goal to accumulate a collection of correct
and wrong predictions, that will permit to validate the
considered methodology.

Current predictions are protected by password. Although these
predictions are intermediate-term and

there is a legitimate concern about maintaining necessary
confidentiality.




Real-time monitoring of the seismic flow
in the Adria Region and its surroundings

CN and MS8S algorithms are based on a set of empirical

functions of time to allow for a quantitative analysis of

the premonitory patterns which can be detected in the
seismic flow:

Variations in the seismic activity
Seismic quiescence
Space-time clustering of events

They allow to identify the TIPs
(Times of Increased Probability)
for the occurrence of a strong earthquake
within a delimited region

CN and MS8S algorithms in
Italy: the input data
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CN and MS8S algorithms make use of
the information contained in routinely
published earthquake catalogs.
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Italian catalog (basically PFG and Alpor data) is
used up to 1985, mainly to set up the algorithms
parameters

Global data from NEIC are used since 1986 to
1900 1910 1520 1980 190 1950 1960 1870 o8 1990 2000 perform routine real time predictions
Year




Analysis of spatial completeness

The analysis is carried out according to Kossobokov et. al., 1999. The Bollettino Sismico
Italiano, BSI catalog, since 16 April 2005 to 1 January 2008 is used as reference data
set = The level of reporting for M >3.0 events in NEIC is comparable (76-100%) with
that of BSI for most of Italy in the period 2005-2007.

1990 1995

It is also found that the level of detection
of magnitude 3.0 and even 2.5
earthquakes in NEIC catalog keeps rather
stable in the period 1986-2007

L.Romashkova, lina@mitp.ru

Algorithm MS8S in Italy

= Predictions for Italy are performed for three different magnitude
ranges, hamely ’ and ; Where M, + indicates
the magnitude range: M;<M < M,+0.5.

M6.0+

Monitored region Alerted region

Updated to July 1 2009




Algorithm CN in Italy

*The algorithm CN analyses the seismic activity inside a set of
predefined polygons (regions), outlined strictly following the
seismotectonic zoning (Peresan, Costa & Panza., 1999, Pageaph, 154)

5.86.05.

W

1985 1995 2005 2015 1955 {965 1975 1985 1995 2005 2015 1955 1965 1975 1985 1995 2005 2015

Updated to November 1 2009

CN application to the Adriatic region

ADRIA REGION

Prediction of the events
with M>5.4

Updated to 1-11-2009
(next update: 1-1-2010)
TSP: 1964 — 1999
Predictions regularly updated since January 2003

78% predicted events (7 out of 9)
TIP: 36.4% of total time
5 false alarms

TIPs 56
V' Strong Earthquakes predicted 5‘%05'5 24 &
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The CN real-time monitoring of seismic flow

Real-time testing 1998-2009

Earthquakes occurred within the space-time-
magnitude volume monitored by CN since 1998

Latitude, Lon%ilude, Depth, M
N E KM

1998.04.12 . Slovenia

1998.09.09 . South Italy
2003.09.14 . Near Bologna
2004.07.12 ! Slovenia jcmatecteule
2004.11.24 . North ltaly
2009.04.06 . Central Italy

= Volcanic

3 Compressional

2 Transitional

B Trunspressive

7 Foreland |
1 Extensional-mived |
1 Extensional-pure |

Updated to November 1 2009 (next updating January 1
2010)

The CN real-time monitoring of seismic flow

The Bovec earthquake - July 12 2004
Alarmed area for M>5.4 by
Peresan et al., ESR,2005)
(As on 1 July 2004)
<

Southeastern Alps — External Dinarides
InSAR - CGPS - Campaign GPS monitoring

6.

\/

—
‘HH‘HWH\‘HH‘H
1965 1975 1985
Time

Emm—  TIPs: alarm time
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The MS8S real-time monitoring of seismic flow

Real-time testing M5.5+, 2002-2008

Date Latitude, Lon%ilude, Depth, Mpn.x M8S
°N 3

Location
KM

2002.09.06 38.38 13.70 ) 5.9 Near Sicily
2002.10.31 41.79 14.87 10 5.9 South Italy
2003.03.29 43.11 15.46 10 5.5 Adriatic sea
2003.09.14 44.33 11.45 10 5.6 Near Bologna
2004.02.23 47.27 6.27 17 9.9 Switzerland
2004.05.05 38.51 14.82 228 5.5 Near Sicily
2004.07.12 46.30 13.64 24 5.6 Slovenia
2004.11.24 45.63 10.57 24 5.5 North Italy

2006.10.26 38.67 15.40 216 5.8 Yes Near Sicily

. Monitored region

. Alerted region

Events with M, ., >5.5

occurred since July 2003

ﬁ};\
' A Updated to January 1 2009

A review of the application of the algorithms CN and M8
to the Italian territory, about the input data, as well as
detailed information about their performances is
provided in:

“Intermediate-term middle-range earthquake
predictions in Italy: a review" (2005), by A.
Peresan, V. Kossobokov, L. Romashkova and G.F. Panza.
Earth Science Reviews (69, 97-132, 2005).




Evaluating
prediction results

Intermediate-term middle-range earthquake prediction
Space-time volume of alarm in application in Italy

Experiment M6.5+ M6.0+ M5.5+

Space-time Space-time Space-time n/N
volume, % volume, % volume, %

Retrospective 36 40 39 9/14
(1972-2001)

Forward 35 39 20 5/9
(2002-2009)

All together
(1972-2009)

Algorithm predicted of the events occurred in the monitored zones in Italy,
i.e. out of events occurred within the area alerted for the corresponding
magnitude range. The confidence level of M5.5+ predictions since 1972 has been

estimated to be above 98%; no estimation is yet possible for other magnitude levels.

(updated to July 1 2009;

next updating January 1 2010) A cc"mplete archive of M8S predictions detaly can be viewed at:
it t n

rediction/prediction.htm
http://www.mitp.ru/prediction.htm

e-mail: lina@mitp.ru




Intermediate-term middle-range earthquake prediction
Space-time volume of alarm in application in Italy

. Space-time volume Confidence
Experiment of alarm (%) level (%)

Retrospective* 41 93
(1954 — 1963)

Retrospective 27
(1964 — 1997)

27

Forward
(1998 — 2009)
All together 29
(1954 — 2009)

* Central and Southern regions only

Algorithm predicted out of the strong earthquakes occurred in the
monitored zones of Italy, with less than of the considered space-time
volume occupied by alarms.

(updated to November 1 2009; A complete archive of CN predictions in Italy can be viewed at:
next updating January 1 2010) http://www.ictp.trieste.it/www_users/sand/prediction/prediction.htm

e-mail: aperesan@units.it |

Intermediate-term middle-range
earthquake prediction

Evaluation of prediction results

The quality of prediction results can be .
characterised by using two prediction g
parameters (Molchan, 1997) : .

71 : the rate of failures-to-predict (n/N)
7: the space-time volume of alarm

40 60 80 100

;\~ 4 =+ M8S for M5.5+
Y \\;\ Random guess 95% contf. level

CN and M8S predictions in Italy
Updated to November 1 2009 (next updating January 1 2010) ‘ ‘ ‘ ‘ n]

100
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Evaluation of prediction results:
CSEP Testing in Italy

The Collaboratory for the Study of Earthquake Predictability
(CSEP) aims to provide a well controlled environment in which

earthquake forecasts can be run and evaluated.

The Italian testing region: Rules of the Game and some basic shortcomings

1. Errors in the input data. "Models will be evaluated against the authoritative observed data
supplied by INGV [...]. The INGV ML magnitude scale will be considered the reference scale for
model development and testing.”

Missing methods/criteria to compare different alarm-based models and to compare
alarm-based models with probability-based models.

Short testing time interval: five years testing could be too short to reach any
conclusion about the effectiveness of predictions for the largest earthquakes.

Non real-time predictions. "7ests are performed with a delay of 30 days relative to real-
time, in order for the authoritative data to be manually revised and published.”

Independency amongst testing centers, data providers and modelists should be
guaranteed

Local magnitude comparison: : LDG - INGV
Italian territory

Yearly Average differences
for M > 3.0
(from previous studies)

Peresan, Panza, Costa (2000) — GJI, 141, 425-437

TTTT T rirTTr T rT
80 1982 1984 1986 1988 1990 1992 1994 1996 1998
Year

NEIC - INGV : NEIC - LDG

- TTTTTT T T T
TTTT T T T T T T T
TED 1530 (630 IPED 15D 785D IR 16N T6ED TED 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998
Year Year
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“Il confronto con le procedure attualmente in uso presso la
RSNC ha confermato che queste tendono a sottostimare alle
magnitudo elevate (fino a 0.5 unita per M>5.0) e a sovrastimare
alle basse (circa 0.2-0.3 unita per M< 2.5)”

Rivalutazione della magnitudo per i terremoti italiani nel periodo post
1980

P. Gasperini G. Vannucci e L. Orlanducci
“Catalogo strumentale dei terremoti Italiani dal 1981 al 1996
Versione 1.0 — 5.3.2001

Local magnitude comparison: CSEP testing region

Average magnitude differences between NEIC (PDE) and INGV (CSEP)
data set evidence a significant M, (INGV) magnitude change in the period
1986-2002

Magnitude diffarences: ML{MEIC) - MIMNGY)
ML{MEIC)»=310

Yearly Average
differences
M, (NEIC) — M(INGV)

)

The average M, (INGV)
difference is well : ' i
comparable to that 0, csit.1 : -
evidenced so far by - Maan
(Peresan, Panza & Costa, GJI T 1 1692 1596 20 2008
2000). year

L 95% Conf. It

CSI1.1.- Castello, B., et al. (2007). Bull. Seism. Soc. Am. 97(1B): 128-139.

12



Local magnitude comparison: CSEP testing region

Magnitude differences: ML{NEIC) - M(INGV)

M, (NEIC) — M, (CSI) ML(NEIC)>-3.0
1986-2002

An average M, (CSI)
underestimation
of =~ 0.5-0.6 3 Common events within
iS identiﬁed [T E CSEP tesing region
for events with M>3 : _—

¥ 888886 3E

- B

3
Magnitude

M(INGV/ISIDE) — M(INGV/CSI)
2002

The heterogeneity

of INGV magnitude estimates is
supported by the cross-comparison
of CSI1.1 and ISIDE bulletin,

both available in 2002

CSEP testing in Italy: errors in the input data

Time diagrams of the standard CN functions
in the Central region (peresan et al, 1999)

Existing heterogeneities in the
input catalog may significantly
affect any related
characterization of seismicity
and thus the detection of
premonitory patterns

Effect of local magnitude underestimation
on the standard CN functions

13



Spatial distribution analysis

109,(Pest/ Prerc) 109,(Prsioe/ Puerc) 109,(Past/ Prerc)
1986/1/1 - 2002/12/31 2002/1/1-2005/4/15 2005/4/16 - 2008/12/31

log(Pier/ Presc)
4 3 -2 -1 0 2 4

Maps of the ratio of empirical spatial probability density distribution functions for earthquakes
with M(INGV)2>3 reported in different INGV data sources within CSEP Testing Region and their
density distributions (%). Values around 0 (i.e., comparable values of p) indicate general agreement in
recurrence density between INGV and NEIC data sets.

CSEP testing in Italy: errors in the input data

The comparative analysis of magnitudes reported by INGV and
NEIC, evidenced an average underestimation of about 0.5 in
the local magnitudes provided in CSI1.1 catalogue (Castello et al,
2007) during the period 1986-2002.

The magnitude difference is well comparable to that detected
so far (Peresan, Panza & Costa, GJI 2000), and confirmed by a later work
(Gasperini, Vannucci & Orlanducci, 2001), considering an earlier version of
the Italian INGV data.

Problem: the INGV data, that are proposed as the
“authoritative” data source for CSEP testing in Italy and are
the input data for various probabilistic prediction methods (g
Cint, Faenza, Marzocchi e Montone. Geochem. Geophys. Geosyst., 2004, Faenza et al., 2003) ,
turn out to be heterogeneous over space and time.




Evaluation of prediction results:

examples of biased assessment

Probability map for the occurrence for a
2 5.5 event — 10 years

input data: 1950-2002

Some possible pitfalls in the analysis

of prediction models (e.g. Marzocchi,
Annals of Geophys, 2008)

Comparison of statistics achieved in
real-time time testing to the model
ones, with parameters adjusted a
posteriori.

Neglecting evident failures allows to
create the illusion of high efficiency
for some other models

Evaluation of the space-time volume
of alarms is also necessary...

H H 5 10 18°
‘ No s_yst_ematlc formal analysis of T _— ® Events with M larger than 5.5 since 2003
pred iction results (Faenza, Marzocchi & Boschi, GJI 2003)

20

process mosdeled through a Poisson process, aimed forecasting the occurrence of the M 5.9+

Eva I uatlon of predlctlon “‘In}\i:-lr‘.:'l.l [:Iu:nrll':.:;;'l“lltlI:LTE‘:‘::::“:}:II:: mext canhquakes in laly for different time win-

dows, The Umbna-Marche region has the sixth

It & I f b- d ent processes for different zones. bat | just fo- highest probability of sccurrence in the imerval
m cus the attention on the forccasting made by 1995-2000 out of 20 regions (scc i this
resu SI exa p es o Iase Baoschi et al. (1995). In particular, the maodel respect, the ocourrence of the 1997 eanth.

assessments

Neglecting evident failures
creates the impression of high
efficiency...

Bovec 1998 event (M=6.0 ) is inside — o — —
Zone 4 that has the 2nd smallest mon___Sy__Jv__wow sy ow ww

probability in Table after Boschi et al.

D015 016044 04087
002007 00702 oISab

(1995)l 3 Q190N 081087 100100
1 onnss 0030108 0AT080 0951.00
H 10061742 100100 10601080 100100
1] 61903 000006 002024 030088
W 0211982 000006 Q01007 020084 ansa2s
b o810 [TSFE T aMaM
» R85 013028 045075 099100
41 11231580 08003 02ra41 Qt4-088
& 11001887 oS82 019040 OSRONT
] N 0091 LG40 065099
w1z ooMaNz A1I03  o3sast

3 GIESTE QMO50 0SP05E 100100
53 (SO7IBAG  QE7OS4 100100 100100
OIS 0000M4 0DIO0S Q13072

1 (1995) foeecasts. A) Map of the regic
2 M 5,54t dlifferenn forecasting time windows (5, 211, and 100
Marzocchi (Annals of Geophys, 2008) confidence imiervals, The red hates mark ihe region where |

tson used, B) The prohabilivies estimated for
repaeted; the intervals repeesent the G8%
arche eurthquakes occurred




Pattern Recognition
of Earthquake Prone Areas

Pattern Recognition
of Earthquake Prone areas

Pattern recognition technique is used to identify,
independently from seismicity information, the sites
where strong earthquakes are likely to occur.

Assumption: strong events nucleate at the 7
specific structures that are formed around
intersections of lineaments.

L

The nodes are defined by the Morphostructural
Zonation Method, based on: topography, tectonic
data, geological data.

16



Pattern Recognition
of Earthquake Prone areas

= Earthquake Prone Areas are identified
evaluating the following characteristics :

» Topographic parameters
(elevation, slope)
» Geological parameters
(area covered by quaternary sediments)
- Parameters from the morphostructural map
(rank and number of lineaments)
- Morphological parameter
(morphology within each node)
» Gravity parameters
(Bouguer anomaly)

Pattern Recognition
of Earthquake Prone areas

The Earthquake Prone Areas are identified evaluating,
among the others, the following topographic
characteristics :

= Elevation and its variations in mountain belts and
watershed areas;

= Orientation and density of linear topographic
features;

= Type and density of drainage pattern.

These features indicate higher intensity in the
neotectonic movements and increased fragmentation
of the crust at the nodes.

17



Pattern Recognition
of Earthquake Prone areas

The fact that earthquakes are nucleated at the
nodes was first established from observations in
the Pamirs and Tien Shan (Gelfand et al., 1972).

This approach has been applied to many regions
of the world. The predictions made in the last 3
decades have been followed by many events
(84% of the total) that occurred in some of the
nodes previously recognized to be the potential
sites for the occurrence of strong events.

Lineaments (iines) and epicenters (dots)
of strong earthquakes in the Mediterranean area

Morphostructural Zonation Map

Gorshkov et al. (2002, 2004)

18



Recognition of where strong earthquakes may
nucleate in the Mediterranean area

Target magnitudes: M =6.0 - Alps, Apennines and Dinarides
M =5.0 - Iberia
circles show earthquake-prone nodes

dots mark target earthquakes
yellow marks the nodes where such earthquakes are still unknown
BW 4w 0 4E 8E 12E

k]

Bay '.?fgf‘.'c‘ar 133

Cam
iy

LT3 [
gt :.‘«- =

Mediterranean

ion of sei ic nodes

References
Gorshkov AL, Panes GF., Soloviev AA. & Aoudia A. (2002). Morphostructural zoning and j
around the Adria margin in peninsular laly and Sicily, JSEE: Spring 2002, 4. No.1, 1-24.

Gorshkov AL, Panea GF, Soloviev A.A Aoudia A, (2004). Identification of scismogenic nodes in the Alps and Dinarides. BollSoc. Geol ltal. 123, 3-18

"Seismological database for seismic hazard assessment needs
to be uniform and to cover a long enough time interval to
allow the occurrence of rare, large-magnitude events —
generally associated with long return periods — to be
estimated, notably for critical structures.”

(IAEA — ICTP “"Workshop on the Conduct of Seismic Hazard Analyses for Critical Facilities”
Trieste, May 2006)

]

Is the information on observed seismicity sufficient to
identify the sites where large earthquakes may occur?

19



Is the information on observed seismicity sufficient
to identify the sites where large earthquakes may occur?

Austria
Swisgs = L7 2 " Hungary
3 3 ‘_( ‘roatia Romania
France !{a‘-’" i
; =Y - £ : =R " Bulgaria

N’"ﬁ‘s’-‘!}

Spain

£,

Integrated Neo-deterministic
Hazard Scenarios

(ground motion at bedrock)

Scenarios associated to alerted CN and M8S regions (+ time)
Scenarios associated to seismogenic nodes

20



REGIONAL FOCAL SEISMOGENIC EARTHQUAKE
POLYGONS MECHANISMS ZONES AND NODES CATALOGUE FlOW-Cha rt Of the
neo-deterministic
SRS hazard method
SITES ASSOCIATED X X
Ws'ToTJE’éﬁH Seismic sources are
T defined based on
| seismic history,
TIME SERIES A A
EERE = seismotectonic and

P-SV SYNTHETIC

SH SYNTHETIC

seismogenic nodes.

Seismic sources are

SEISMOGRAMS SEISMOGRAMS o
then selected within
| ' | ! the alerted regions
VERTICAL HORIZONTAL (CN or M8S) or
COMPONENT COMPONENTS within the
S earthquake prone
EXTRACTION OF nodes.
SIGNIFICANT
PARAMETERS

Neo-deterministic hazard scenarios

associated to alerted regions:

Alerted areas by M8S algorithm
for an earthquake with 5.5<M<6.0
(as on 1 July 2006 — 1 January 2007)
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Neo-deterministic hazard scenarios
associated to alerted regions:

Northern Region

M>5.4

6.5 . 5.8 6.05.55.65.5
ARV, 4
— 1

A RAREERRA RN ER R RRRRRN RRRN R NERREN R

1965 1975 1985 1995 2005

Scenario associated to earthquake prone nodes

Example: node determining the maximum ground motion in the city of Trieste
corresponding to an earthquake with M=6.5
(compatible with seismic history and seismotectonics)

& » T

PGD PGV DGA Imax Imax

(cm) (cm/s) (9) computed observed
ING ISG

e e e e 2.0-35 4.0-8.0 0.08-0.15 IX Vil Vil

Peak Ground Displacement (PGD), Peak Ground Velocity (PGV), Design Ground Acceleration (DGA) and maximum
computed intensity (I,,,., computed), estimated using the conversion tables proposed by Panza et al. (2001). The
observed intensity in the city of Trieste is the same in the ING and ISG data sets.

22



Integrated Neo-deterministic
Hazard Scenarios

(including lateral heterogeneities and local soil conditions)

Site effects

The use of synthetic computations is necessary to
overcome the fact that the so-called

generating the seismic input (Panza et al, 2000).

is the spectral ratio between the horizontal and
vertical components of motion.

is the ratio between the amplitudes of the response
spectra, for 5% damping, obtained considering the bedrock
structure, and the corresponding values, computed taking

into account the local heterogeneous medium.

23



Modeling of seismic input

(azimuth effect)

spectral
ratio

25 24 23

‘Alluvial deposits

ands
W At p=199g/cm? 91 g/cm3
a=i501m/s B =210m/s Bb20 8B =280 m/s

Quartzous sands Yellow clays
B ss o212/ em [ asg o= <201 g/m3
=1600m/s B =500 m/s a=1400m/s B =280 m/s

Modeling of seismic input

(azimuth effect)

for the
SH
compone
of motion

(180°)-

Tequency (e

Alluvial depo its

20
Sands
|.Alf p=1.99 g/c: ||D M p=191g/

Cimis0 /e B =210m/s C=550 /s | B»zx«vm/e

Creysblue clays

|.Aa p=2.06 g/c

170055 B =650 m/s

Tavas
W e o-2455/em3

Quartzous sapds Yellow clays

[ ss p-212g/cm [ Asg p=2.04 g/cm3
a=1600m/s p =500 m/s a=1400my/s B =280 m/s

@
=170 m/s p=500m/s




Hybrid Method:
Modal Summation+Finite Differences

Distance from the source

Free surface — ™\

Y4

Source

Reference layered model

Artificial boundaries, limiting
the FD grid.

Zone of high attenuation, where
Q s decreasing linearly toward
the artificial boundary.

Local heterogeneous model

Adjacent grid lines, where the wave
field is introduced into the FD grid. The
incoming wave field is computed with
the mode summation technique. The
two grid lines are transparent for
backscattered waves (Alterman and
Karal, 1968).

Site

Detailed scenario of ground motion
including local site effects

Example: scenarios of ground motion in the city of Trieste

Based on the
morphostructural zonation
and on the identified
earthquake prone areas,
three possible seismic
sources have been
considered for ground

motion modelling in Trieste.

A seismic source in the
Bovec zone (65 km from
Trieste)

A seismic source East of
Gorizia (30 km from Trieste)

The closest seismic source
at 17 km from Trieste
(within Adria region)

25



Definition of the local model

The modeling of ground motion and the
evaluation of expected amplifications are
performed considering the following
profiles:

| Dascr.

Aria
Riporti

Sed. marini
Flysch
Arenarie
Calcari

OECOmED

Distance along the profie km)

Detailed scenario of ground motion
including local site effects

Example: scenarios of ground motion in the city of Trieste

Synthetic Selsmugrams

B

S
| \\‘HHWHHHHH‘H‘H\HH\‘l-\Hl\'l'W\‘l\ \H

- Bedrock “B” - Dist. 17 km - M=6.0
Accelerations and Amplifications (RSR 2D/1D)

Response Spectra Ratio

x:
®
a
[}

"
"
a

i
[
:
f
i
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Engineering analysis

The data set of synthetic seismograms can be fruitfully
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.

Non-linear dynamic analysis is possible considering the
seismic input provided by the complete synthetic
accelerograms as obtained from microzoning = Evaluate
the response of relevant man-made structures, in terms of
displacements and stresses, with respect to a set of
possible scenario earthquakes

Engineering analysis

PALAZZO CARCIOTTI
(masonry)

Dynamic analysis

Dynamic linear analysis
(time evolution of
Drucker-Prager tensions)

Model

|

iR




Positive steps towards implementation:

An Agreement has been signed among the Abdus Salam International
Centre for Theorethical Physics, , and the of the
Friuli Venezia Giulia Region (NE Italy) for the practical implementation
of the integrated neo-deterministic hazard procedure.

Routinely updated CN and M8S predictions, as well as the related
hazard maps, are made available to the Civil Defence of the Friuli
Venezia Giulia Region since 2006.

i The Abdus Salam

} International Centre for Theoretical Physics

The Aquilano earthquake
6th April 2009
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The Aquilano earthquake, 6t" April 2009
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Alarmed areas by CN and M8S

algorithms (as on 6 April 2009)

CN Algorithm

The L'’Aquila earthquake turns out
to be a failure to predict within the
Central Region

The epicenter was about 10 km
outside the alarmed CN territory (TIP
declared for M>5.4 within Northern
region from 1.3.2009 to 1.3.2010)

M8S Algorithm

The Aquilano earthquake occurred
outside the areas identified by M8S
for the magnitude range M6.0+

The Aquilano earthquake, 6t" April 2009

14

Alarmed polygon (red line) identified by CN
algorithm for the period 1 March 2009 — 1 May
2009. The star indicates the epicenter of the 6

April 2009 event.
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Scenario of MCS intensity associated with the alarmed
area, as defined for the period 1 March 2009 — 1 May
2009. The epicenter is indicated by the blue star
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The Aquilano earthquake, 6t" April 2009
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M WT QEST-Rapporto sugli effetti del terremoto aquilano
=3 del 6 aprile 2009 [RPT03 — 20.04.2009]
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i The time dependent

s scenario of ground motion
correctly predicted the
occurred Intensities

Prediction of Subsequent Strong Earthquake in Central Italy

Prediction of subsequent strong earthquake The Aqunano earthquake
after Aquilano earthquake, 6 April 2009, Mw = 6.3 6 April 2009

Alarmed area for M>5.3
by

<=

Application of the algorithm SSE
(Vorobieva, 1999; Vorobieva and Panza,
1993) to the aftershocks of this
earthquake leads to the following
prediction: a subsequent strong
earthquake with magnitude M > 5.3 is
expected within 43 km of the epicenter
of the Aquilano earthquake (for details see
http://www.mitp.ru/en/restricted_global/Aquila16.gif).
The algorithm is applied using the
preliminary data from NEIC and INGV.

Vorobieva@mitp.ru

WWWw.mitp.ru
http://www.mitp.ru/en/sse/SSE-Alg.html




Detailed scenario of ground motion
including local site effects

Example: scenarios of ground motion in the city of L'Aquila

Response Spectra Ratio Rapporto H/V
L [ EE———"—

0 75

L SURFACE

Distance akng P protie fum|

The ratio H/V, based on the same synthetic

seismograms, does not allow to evidentiate

the relevant amplifications associated with
low velocity sediments (Aterno river).

2D Model from De Luca et al. (2005). BSSA, 95, 1469-1481

=
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F. Vaccari, vaccari@units.it

The ASI-SISMA project:
integrating data from earth-observations
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ASI Pilot Project - SISMA
“Seismic Information System for Monitoring and Alert”

Development of a system, based on the neo-deterministic
approach for the estimation of seismic ground motion,
integrating the space and time dependent information provided
by real-time monitoring of seismic flow and EO data analysis,
through geophysical forward modeling.

University of Politecnico
Milano di Milano

Description of the Project

SISMA - Seismic Information System for Monitoring and
Alert

SISMA is a three year Pilot Project funded by the Italian
Space Agency;

Aim of the project is the development of a prototype
system to support the Civil Defence (End User) in the
decisional process for the management of the seismic risk
in Italy;

SISMA is organized in three subsequent versions, scaling
down from national scale to local scale;

The pre-operative demonstration phase, including real-
time updating of products, started in May 2009.




SISMA Deterministic Approach

SISMA innovative approach towards the understanding of earthquake
generation process builds over three major objectives:

1) To take advantage of new generation of SAR satellites systems and
of GNSS deformation data at the Earth’s surface, in association with
seismic flow monitoring

2) To develop an integrated geophysical, geodetic and seismological
scheme to disclose stress built up within active faults for a
deterministic approach of earthquake cycle description

. B

3) To overcome the shortcomings of the traditional methods for
seismic hazard assessment, based on a purely probabilistic approach.

SISMA Overall Description

2nd Level

Restrained areas
For GPS and SAR
Velocity Maps NRT applications

\ USER GIS /
Information on impending
earthquakes:

Time, Space,
Deterministic Scenarios




Maps of alerted areas, prone to earthquake events with
given magnitude, are obtained through comparison of non-
EO information, provided by seismological data analysis,
and taking into account results provided by Geophysical
Modelling based on EO information;

EO observations, consisting of GPS and DinSAR images, will
permit to draw deformation maps on the surface;

Stress maps at the depth of the active faults will be
obtained through integration of EO geodetic information
into Geophysical Forward Modelling.

SISMA
Regional scale (m m
\ //

— 8

Scenarios at bedrock at alerted rem
for M2M, fioTpHostIctTa| Hap,
seismogenic nodes

over Italy —4

A

seismogenic nodes

Scenarios at bedrock at for M>6.0 & M>6.5 =
local scale within the ap of active faults
alerted regions /n’earby the seismogenic )
seismological and local scale

geodetic T
observations . Monitoring of
Fault zones

Deformation maps at the surface Stress at depth




SISMA Local scale

Establishment of a local
network of GPS Receiver
set uo on monumented sites,
co-located with proper CAT

Near Real Time GPS

processing to retrieve Restrained areas
continuously updated

deformation and for GPS and SAR

velocity maps

NRT Geophysical :
: For

Formalized analysis /V i

of seismicity update

Geophysical
Forward
Modelling

NRT application
in alerted areas

Acquisition of the historical
SAR images of the area and
request to running Missions
(e.g. Cosmo Skymed) to
planning new observations.

Near Real Time SAR
Data processing to
retrieve continuously
updated deformation

Permanent
GPS

Strain-rate and stress maps
At local and national scale
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Methodology for detecting the vertical movements
during the pre-seismic, co-seismic and post-seismic phases
in earthquake prone areas

8
©
©
1
<
7]
=
(m)]

E —_ ! I I— 1
12°36' 12°48' 13°00 1312

Colfiorito seismic sequence 1997

4720000 4780000
Computed
j4780000 4780000
-
4770000 - 4770000
ja 760000 4760000
j4750000 4750000
l4740000 4740000
300000 310000 320000 330000 340000 350000 360000 300000 310000 320000 330000 340000 350000 360000
— .
4790000 | Ll )‘_ Obs.-comp. | o - )
=, a e . 8 Comparison between predicted
arsocco (SRR : *‘".'_- :  crust and lithosphere deformation
R N T 1| : patterns and SAR retrieved ones
4770000 (1S S g1 8 show the feasibility of contribution
=y b W & to seismic hazard assessment by
4760000 St | ; means of the synergic use of
'--J-‘;." e W ; InSAR and geophysical modeling.
4750000 a ' - - . | 2
2 R 1
ko . ;
4740000 : aw o = i Dalla Via et al., GRL, 34, (2007)

300000 310000 :E]O[HJ 330000 340000 350000 350000

36



Which is the contribution of Earth Observations?

Inter and pre-seismic phase: monitoring of surface
deformations, which is a possible indicator of stress
build up on faults

Co-seismic phase: improve understanding of the
process taking place along the fault plane and
permit estimating of the interactions of the stress
field (modified after the seismic event) and nearby
faults.

Post-seismic phase: monitoring possible
phenomena (e.g. afterslip, post-seismic relaxation)
that may affect the stress field in the lithosphere

Selected Test Areas

Friuli-Venezia Giulia - inter-seismic phase
Pollino (Calabria) > pre-seismic phase

Where surface deformations are a possible
indicator of stress built up on faults

Umbria-Marche - post-seismic phase

Where possible phenomena (e.g. afterslip,
post-seismic relaxation) may affect the
stress field in the lithosphere.
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SISMA: system engineering requirements

Procedures for verification and validation of
applied methodologies

Unit and Integration tests for developed
software

Validation tests for developed products
Formal definition of interfaces

Automatic software documentation (Robodoc)

Revision control system (Subversion) applied to
software, documents and products

SISMA: products GIS interface
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SISMA: products GIS interface
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Regional Bedrock Ground Shaking (V1)

Fully formalized algorithms for intermediate-term middle range
earthquake predictions are currently applied for the routine
monitoring of Italian seismicity. The real-time monitoring of seismic
flow allows for the rigorous prospective testing of CN and M8S
predictions.

Earth Observation Data contribute to the definition of a set of time-
dependent neo-deterministic scenarios of ground motion at regional
and local scale.

One of the advantages of the proposed approach consists in the time
information provided by intermediate-term predictions, that supply
decision makers an objective tool indicating priorities for timely
mitigation actions (e.g. retrofitting of critical structures).




The neo-deterministic seismic hazard procedure makes it possible
to use wide geophysical data sets, including EO data, as well as
the current knowledge of the physical process of earthquake
generation and wave propagation in realistic anelastic media, and
do not need to rely only on macroseismic observations.

Deterministic hazard assessment and recognition of earthquake
prone areas procedures are especially useful as a mean of
prevention in areas where historical and instrumental information
is scarce.

The seismic input (complete seismograms) provided by the
realistic modeling of ground motion permits the engineering non-
linear dynamic analysis of relevant structures (e.g. power plants,
bridges, dams).
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