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Selsmlc hazard assessment
-~ some limits of the

- probabilistic approach
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PSHA: is it science?
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Abstract

Probabilistic seismic hazard analysis (PSHA) 15 beginning to be seen as unreliable. The problem with PSHA is that its data
are inadequate and its logic is defective. Much more reliable, and more scientific, are deterministic procedures, especially when
coupled with engineering judgment. © 2002 Elsevier Science B.V. All rights reserved.
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“Probabilistic vs. Deterministic

The two methodologres 0)210)| anc
have some common.elements, siich;as the characterization-of -
seismicity. in . the area, the geological and eotechnrca.l

' conditions and the size of the expected eart1qua es.

+ Lessons from recent eartwquakes (e.g. Kobe, Japan Bam | |
—Iram;— Boumerdes, Algeria) —indicate that— the —available—
| observatlons may be not sufficiently: representatrve of the |

seismic hazard inraigiven region. sk | |

Case studies of seismic hazard assessment technlques ]
" indicate the of the currently used' methodologies, .
deeply rooted in engrneerrng practlce—-based prevalently-on a.'; A0

L) In view of the I|m|ted sersmologlcal data it seems more' |
___ appropriate to. resort to a\ lseéng ARt




? GSHAP 2

. analysis supplies indications__ that
([ oe | afel
i : Recent examples Kobe
(17 1. 1995) BhUJ (26 1.2001), Boumerdes. (21 5. 2003) |

\ and Bam (26.12. 2003) events.
HENEEN PGA(g)

'Expeifced i Observed

with a probability, of exceedence of 10 % .
' 1in/50 years (return perlod 475 years)

~  Kobe
- Gujarat
. Boumerdes
. Bam '




 2GSHAP?

‘ --The detall glven by the probablllstlc maps _
- proposed by - GSHAP, when -the  input -
— infermation malnly consists of macroselsmlc’. —
—intensities, is, in general ga-pricie “of the
'processmg mlmwn: 1 /EEEimRR

| "This Ilmltatlon to the pract|c'al use of GSHAP'-; /
L MAPS IS partlcularly severe when dealing with
L .','."Iarge urban settlements or speC|aI objects "




The GSHAP probabilistic map at 475 years
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| Horizontal Peak Ground Acceleration seismic hazard map representing stiff site conditions for an exceedance or
occurrence rate of 10% within 50 years for the Mediterranean region.




_____ The log-linear regression between maximum observed macroseismic
/ Lintensity, I (MCS), and computed. peak values of ground motion (A),
considering historical. events, has a slope close to 0.3 (see Panza et al.,
1999; Shteinberg et al., 1993 and references therein): \ Y

Log A=a+DbI

1 Cancani, in 1904, modified

the Mercalli scale with the
' declared intent to get a
slope equal to 0.3




Hence one degree of |nten5|w corresponds to a factor two
/In the CIES of ground motlon =

DGA(I-l)/DGA(D:Z
 PGV(FDPGV()=2

PGD(-1)YPGD()=2

__Comparison between GSHAP sca-.le Ljsedi-n the '
Mediterranean, and MCS Intensity scale

L T [ T 7T T [ T [

mis® 02 03 Q4 05 068 7 04 1.0 1.3 18 20 25 3.0 4.0 &0 nvs?




' Envirntnmental & Engineering The hazard iNn usmg &3 :

|..'|'ni."--:||'..|r:||.:|l . Geoscience o - - -
ineering Gesdiense - Quarterly | probabilistic seismic hazard
Co-published by GSA and the analysis for engineering

Association of Engineering Geologists,
this respected journal presents new L \
theory applications and case histories E”|S L. KI’InItZSky '

illustrating the dynamics of the fast- Waterways Experiment Station ~Geotechnical
growing environmental and applied

disciplines. About 700 pages annually. Laboratory, _VleSburgl MS :U.r.“te“d States

. The problem Wlth selsmlc
Probablllty s that it relies on the
Gutenberg -Richter = b-line, _ which

- has severe shortcomlngs




‘The Gutenberg-Richter law

Averaged over a large territory. -
and time the number of '
earthguakes equal or above
certain magnltude N(M) scales =
as: | - 0]

This general law of similarity:
establishes the scaI‘ing of
earthquake sizes in'a glven space
time volume but gives no._. |
| | | éxplanation to the questlon how
~theinumber, N, changes-when=
|| you. 7o0m the analysis tola | ||
. smaller size part of this volume |




Multiscale seismicity model

The ' analysis of \global seismicity  shows that a single Gutenberg-
Rlchter (GR) Iaw |s not universally valid and that a
- - “(Molchan, Kronrod & Panza, BSSA, 1997) Can reconaleﬁcwo', -
—apparently Conﬂlctlng paradigms: ther CharacteristicrEarthquake
modelfand the Self-OrganizediCritcel ity ~ concept.

Gutenberg-Richter Distribution Characteristic Earthquake Distribution §

SOC CE

Magnitude Magnitude




Multiscale seismicity model

The Eoalb . implies that only the set of earthquakes
with--dimensions  that are small-with, respect to the: dimensions of the
analysed region can be described adequately by the

‘Fhis—condition;- fully. satisfied in-the- study -of -global seismicity mazie by
Gutenberg and Richter,-has:been, violated in many subseguent investigations. |

{Union of the seismogenic
zones, | as  defined | by|
'GNDT (Meletti et al., 2000)
where |aftershocks have
been recorded.

(Zones | with' characteristic
dimensions/of 200-300km)

Examples — of - the
‘and
quakes.
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Multiscale seismicity model

Number of events

100000

Number of events
5
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Unified Scaling Law for Earthquakes (USLE)

“telescope”

- The counts off earthguakes is performed
in a set of cascading squares,.
' “telescope” = permits to account for
the natural scaling| of the spatial.

evidence for rewriting the Gutenberg-
Richter recurrence law in the. '
generalised form:

IoglON A + B- (5 I\/I)|+ C Iog10

where N = N(M L) is. the expected
- — annual number-of earthquakes with

magnltude M in an area of linear

dimension L -

The scheme for box countlng
The algorlthm aIIows for muItlpIe

selected angle
= - Kossobokov, V.G, and S.A. Mazhkeriby, 1994, O simiarity in

the spatial distribution of seismicity. Computational Seismology
and Geodynamics, 1: 6-15 AGU, Washington, D.C.




W Example The USLE estlmates for Los! Ange|es (SCSN data 1984 2001) are:
e

USLE: implications for seismic hazard assessment

environmental & Engineering The hazard in using probabilistic seismic hazard

Geoscience | Quarterly analysis for engineering

Co-published by GSA and the Ellis L. Krinitzsky

Association of Engineering Geologists, - . . . .
this respected journal presents new \S/\:gtggways Experiment Station, Geotechnical Laboratory, Vicksburg, MS, United

theory applications and case histories
illustrating the dynamics of the fast-
growing environmental and applied
disciplines. Abcut 700 pages annually.

Nov 1998, 4, 425-443

The problem with seismic probability is that it relies on the Gutenberg-
Richter b-line, which has severe shortcomings

| ” | S

The USLE Wthh accounts for the spatlal scallng of the dlstrlbutlon of
eplcenters may-have relevant implications for assessmg selsmlc hazard at a
| given location (e.g. inlaimega city). | | |

ES Neglectlng the C-log,oL term implies an unaerestlmatlon ofithe recurrence |

of earthquakes by a- factor (L / y=et

A=-1.28; B=0. 95; C =1.21 (o, ='0.035)
|mpIy a'traditional assessment of recurrence of a large earthquake in Los Angeles, i.e., an area with L about 40
~km, from data on the entire-southern California, i.e., an-area with L, about 400 km, belng underestimated by a
factor 102 / 10121 = 1007° >16



7/ Attenuation relatio ns and PSHA

The attenuatlon relation in the form
“In«(S,(m;r))=a(m,r)+co
descrlbes the dependency-of the spectral acceleration: on: the

"~ rahdom varlates magnltude distance and measurement error
(KIugeI 2007) N

PSHA The. Iaws of. muItlvarlate theory of probablllty are_

.\ applled to calculate the conditional probability of exceedance @ | |

. | | of a certain hazard level z for a given set of parameters mand |
T (assumlng mdependence between m and r) ' =]

- PSHA approxrmat|on g(m, r) 'is constant and all @ the |
randomness of the problem is concentrated-in the error term P

g(unlvarlate approxrmatlon) Hence: — — =l
Al (Sa(m )= E(g(m N)+eo

(Klugel, 2007)




" Attenuation relations and PSHA

The substitution of a random parameter by its expected
value ‘introduces a systematic error. This is demonstrated"
- ~simply replacing-the distribution g(m,r) by its development
__into a series around its expected value E(g(m, r)) |
|| = g(m,r) = E(g(m;r)) + A(m,r) N
__where A(m I) is @ non-trivial random varlable (| e. not -
__equal to zero). This yields: | |

In (Sa(m )= E(g(m r)) + A +50

= Replacing this expression in the PSHA approxmatlon we ,' P
~ get A=0, in contradlctlon with the deflnltlon of A(m, r)

(/(/uge/, 2007)




Attenuation re|ati0nS gk TUR

Th|s systematlc error is not easy to quantify, since.it
depends on the vaIue of ground. motion acceleratlon
Qualitatively:  ~ TR SN

~ = Forslight perturbations of ground motion accelerations

| around the regression mean of the attenuation equatlon -

1] (i.e. for highiprebabilities of exceedance of a PSHA
model) —> the error is small; L1 WY 2 |
- For' low probabilities | of exceedance Where |t |s not
possibleto approximate g(m 9) Wlth |ts expected value

=>-the error-isiiligh-— ———% =

——=The use of-intensities, mstead -of- acceleratlons, in --the:.-
___ probabilistic model. reduces the error effect , since ITis.a
| | | composite parameter that combines mformatlon on spectral i
| || acceleration and magnltude 1 | _ [}

\ILAk | (/(/uge/, 2007)




-—-—~T|me dependent NEo- determlnlstlc
—— selsmlc hazard assessment




Neo-deterministic seismic hazard assessment

The proceaure for the neo- determlnlstlc seismic " .
- hazard assessment is based on the possibility to
——compute realistic synthetlc selsmograms by the. BE

— modal summation technique;

| The expected ground motlon can be modeledf
at any desired point, starting from the available
- information about seismic sources and reglonal an
| ,stfuctural models L T T W ULR’ &




Neo-deterministic seismic hazard assessment

The neo-deterministic approach defines the -
—hazard from the envelope of the values of ground
——motion-parameters- (like acceleration, velocity or ——
~displacement) determined con5|der|ng scenario-———
__earthquakes consistent with seismic hlstory and R T
~seismotectonics; — N\

It allows mcorporatmg Jche | space -time |
- information - provided by - intermediate-term- -
—-earthquake- predlctlons and pattern recognition of: ,.
i 'earthquake prone areas. | |




Intermediate-term

middle-range Pattern recognition

), earthquake predictions 4 b, of earthquake prone areas

I Restrained areas
for expected sources
' _ | + Time
Multiscale
velocity models
of the Earth

Seismic Sources
characterisation

Realistic modeling
of seismic ground motion

SPACE + TIME

. Multiscale SEISMIC
INFORMATION FOR - . INBUT EOR

SEISMIC AND TSUNAMI a . . .
e VT To _ Ne_o deterministic | E'\LCI;\IIL\ILE\ESRIISNG
Seismic Hazard Scenarios




— Real time momtorlng of the seismic ﬂOW

e ~ CNand M8S algorlthms in Italy




Algorlthms for mlddle range
| mtermedlate_term predlctlon

Algorlthms fuIIy formallzed and globally tested for \
- /prediction are 1 |

. CN algorithm (Gabrielov et al., 1986; Rotwa/h and Novikova, 1'9959 | 1

— M8 algorlthm (Keilis-Borok and /(ossobokov _7987 Kossobokov oL

al, 1999)

~ They allow toidentify the | 's
/ (Times of Increased Probability) for the
occurrence of a strong earthquake withina-
- delimited region - __




Algorlthms for mlddle range
| mtermedlate_term predlctlon

The"algorithtrﬁs:_are based on a set of empirical functions "
~ — toallow for a quantitative analysis of the premonitory -
| pat'terns Whi‘Ch can*be detected in the seismic flow:

Varlatlons In the selsmlc act|V|ty ¥ |
Seismic guiescence | '
Space -time cLusterlng of events

| These methods make use of detectable mverse cascade Y
~of seismic process, at different space and time ranges, o7

~-reduce censecu,tlvely spaceand time limits wherea
disastrous earthquake-has-to be expected. - -




 CNalgorithmin Italy




Rules for the deflnltlon of CN reglons
accordlng to the selsmotectonlc model

A single region includes:
1. -adjacent zones with-the same
'seismogenic characteristics (e.g. only

compresswe or only extensive);
'-"2. 'Zones W|th transmonal propertles

A transmonal zdne |s |ncluded |n a
'- region if: |

CLolitis between zones of the same W etmiectomkc

. . ‘ 1 Volcanic
kl nd ' A : == 3 Compressional
j | [ Transitional
= Transpressive

12t is at the edges of the reglon and 5 Forcland

== = Ex‘lensional-mlxed
the space distribution of the | VL _—
aftershocks revealsa possmle ‘ '
connectlon - e - o
_ || | Seismotectonic zoning of Italy.defined by GNDT
(Peresan Costa & Panza., ]999 Pageoph 154) ' (Gruppo Nazionale per la Difesa dai Terremoti)
(Meletti et al.,, Pageoph,-2000)




Rules for CN application and

selection ofi target events

Area: 5L-10L (L is the source linear dimension)

Magnitude of completeness:

- Yearly average number of events with M>M.
must be>3

Magnitude threshold M:
- M, corresponds to a minimum of N(M)

- The return period for events with M>M, is
~6-7 years

| ™= CN makes use of the information given by
small and moderate earthquakes, following
the GR law (having quite a good statistic), to
predict the stronger earthquakes, which are
anomalous events (i.e. do not follow the GR
law) for the same area.

Choice of M,

Adria Region
(1900-2005)

All events

’\b

4.0 5.0 6.0 7.0
Magnitude

M,=5.4 (17 events)
Return Period: about 6 years




Intermediate-term middle-range earthquake
=t . prediction CN TN

NORTHERN REGION

Prediction of the events
with M>5.4
Updated to 1-5-2007
(next update: 1-7-2007)

TIP: 29.2% of total time

— TIPs

\V4 Strong Earthquakes predicted 4

\/  Failure to predict . \V4 N W
]

1965 1975 1985 1995 2005




Intermediate-term middle-range earthquake
=t . prediction CN RN

CENTRAL REGION

Prediction of the events
with M>5.6
Updated to 1-5-2007
(next update: 1-7-2007)

TIP: 22.4% of total time

B TIPS

V Strong Earthquakes
predicted - 6.

V

1955 1965 1975 1985 1995 2005




Intermediate-term middle-range earthquake
o . prediction CN RN

SOUTHERN REGION

Prediction of the events
with M>5.6
Updated to 1-5-2007
(next update: 1-7-2007)

TIP: 27.5% of total time

— TIPS
\V4 Strong Earthquakes predicted
\/  Failure to predict

1955 1965 1975 1985 1995 2005




Intermedlate term mlddle range earthquake predlctlon

Space tlme volume ofa1arm in " application in Italy

_ Space- tlme volume Cfience
Experiment of alarm (%) level (%)

Retrospective* 41 93
(1954 — 1963)

Retrospective 27
(1964 — 1997)

Forward 36
(1998 — 2007)

All together 31
(1954 — 2007)

- Central and Southern regions onIy ,—"I—? e , _____

f—'—'—' Ngorlthm preohcted ; “out of the strong earthquakesoccurred |
= __Lin_the.-monitored. zones. of- Italy, w. _Jth . of the con5|dered space— j

' time volume occupled by aIarms
(updated to May 1 2007)




Adriatic Region

Volcanic
Compressional
Transitional
Transpressive
Foreland
Extensional-mixed
Extensional-pure

(Meletti et al,, Pageoph, 2000)




“CN application to the Adriatic region.

ADRIA REGION

Prediction of the events
with M>5.4

UCI catalog

Updated to 1-5-2007
(next update: 1-7-2007)
TSP: 1.1 1999

78%0 predicted events (7 out of 9)
TIP: 29.9%0 of total time
5 false alarms

m—__TIPs 5.6

. 546.055 54
V Strong Earthquakes predicted V _V

Vv Failure to predict o

1965 1975 1985 1995 2005







~ Algorithm M8s

=*The M8 algorithm, analyses the seismic activity. - -
._.w._.mSIdeaset of Circles of Investigation, Cls, with *
____radius normalized by the linear size of the events to
__'be predicted, i.e. proportlonal to magnltude & | |
| ..thresholdl\/l | | 1 ] | | (Pt

* A hlerarc-hy of predictions is usually delivered for |
| different magnitude ranges My+, considering values =
. of My with an increment of 0.5 (i.e. M+ |ndlcates the F
magnltude range Mo<M < M,+0.5). e\




‘algorithm M8 has been proposed , namely \
- ~where the seismicity is analysed Wlthln: u

~ Algorithm M8s

sA new spati"éﬂ?stabilized variant of the

a dense setﬂf overlapplng circles Coverlng the
| monltored area (Kossobokoveta/ JSEE 2002).

eThe terrltory is scanned Wlth a set of small Clrcles
“distributed over a fine grid, with the radius of the
; -small-circles apprOXImater equal-the grid spacing anel.. Ll
__ to the linear. dlmenS|ons of the source of target. |
L events | | -




Algorithm M8S : steps of the analysis.

1. The seismically active grid points are then selected by the |
condition that the average annual rate of seismic activity;
—_within the small circle, is above a given threshold.

~ The grid points where data are insufficient for the
- apphcaﬂongf M8 algorithm and isolated grld points are
excluded - x

The M8 algorithm s then applied with the"ci'rcles of
mvestlgatlons Cls, centred at each of_th_e selected grld
| ] | pomts '

. An alarm IS declared for a Cl only lf the overwhelmmg
majority (mare than 75%) of the Cls centred atthe
- ne|ghbour|ng gr|d points are also |n state of alarm.




M8S algorlthm
n11tafy “

a ,_,_gqmtude
MSFS

RafhuSﬁF k
192Km

‘ Monltored reglon ]
‘ AIerted reglon__.,_ |




M8S algorlthm
n11tafy “

a ,_,_gqmtude
MSBTT

RafhuSﬁF k
. 138Km

‘ Monltored reglon
‘ AIerted reglon__.,_ _




M8S algorlthm
|n‘rﬁah/ ‘

alqnltude 1 _. -
M55‘5 BRY

RachuSﬁF Gk
106 Km_

‘ Monltored reglon
‘ AIerted reglon_.._ _







Intermedlate term mlddle range earthquake predlctlon
Space tlme volume of alarm in : application In- ItaIy

Experiment M6.5+ _ M5.5+

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

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

Forward 49 43 25 5/9
(2002-2007)

All together 37 14/23
(1972-2007)

. ATgorrtrTm predlcted ,
- i.e. out of events occurred W|th|n the area aIerted for the correspondmg.

L magnltude range. The' confldence level' of M5.5+ predlctlons since 1972 has been

stimated to be about, 97% no estlmatlon_ls yet possrble for other magnltude Ievels J
(updated to January 1 2007) , .




Intermedlate term middle- range earthquake predlctlon
experlment in Italy ;

1 (Keilis-Borok et al, 1990; Peresan et al, 2005)
(Kossobokov et al, 2002)

Maln features:

— — —Fully formalized algorithms and computer codes avallable for-
- | independent testing; i

'Use of published & routine catalogues of earthquakes

‘Worldwide-tests ongoing for more than 10 years permltted to assess

the significance of the issued predictions (/(ossobokov et al, 1999 Rotwain and |
I Nowkova 1999) B

Italy A R |
Stability tests with respect to-several free parameters of the _
algorithms (e.g. Costa et al., 1995; Peresan ef,al., GJL 2000; Perésan et al.; PEPI, 130, 2002);

~CN predictions are regularly updated every two months since January -
1998; |

- M8S predlctlons are regularly updated every SiX months since January
—2002; = = .

— Real time prediction experiment started in July 2003




Intermedlate term middle- range earthquake predlctlon
experlment In Italy

~ Prediction experiment: launched starting on July 2003, is aimed
at a real-time testof CN and M8S predictions in ltaly. - ———

— Updated 'p-redi.ct.iOns are regularly posted at:

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 permlt to validate the
| conS|dered methodology ., | | -

- Current predictions are protected by password Although these,
predictions are intermediate-term and— Tt

e there is.a Iegltlmate concern about malntalnlng necessary'
--Confldentlallty ' | |




Northern Region, M,=5.4

6.5 54 5.8 6.0 5.55.65.5
Y YARYA 4
— - -
\

Ny
1965 1975 1985 1995 1955 1965 1975

- s oy
— 200472 23, 5.
mxﬁ}:—”_\? - .
SR R
7 % o
‘;,/ . O X

- -
T

A

i

Central Region, M,=5.6
5.7

6.5 6.05.7

V W

1985 1995 2005

" 200

(Peresan al., Farth Sci. Rev. 2005)

= 1 & w o A

4-2004.5

Southern Region, M,=5.6

6.5 5.7

\ v

v

1965 1975 1985 1995

2006.5-2007

Times. of Increased
Probability. for the
occurrence of events
with M>Mo:within the
monitored regions

@ Monitored region
@ Herted regjon.

— —Events with Mo 25.5
‘occurred since July 2003

Updated to March 1 2007




The CN real-time monitoring of seismic flow

The Bovec earthguake - July 12 2004

Alarmed area for M>5.4 by
.fbn%%w7e{a/ ESR 2005)

(As on 1 July' 2004)
<{m

Southeastern Alps — External Dlnarldes
INSAR = CGPS - Campalgn GPS monltorlng

1985
Time

TIPs: alarm time

Strong Earthquakes predicted




The M8S real-time monitoring of seismic flow

=) B
|

Iz :;.. M- {;,__ _ The Switzerland earthquake » \.
| BOAEMES ST o February 2312004

 Alarmed area for M>5.5 by
(Peresan et al., ESR,2005)

(As on 1 January — 1 July 2004)

-—T—re—
e

The Salo) earthquake

November 24 2004

AIarmed areafer M=>5:5 by .
. \ PReresan et al., ESR 2005)

(As on1 July 2004 = 1-January 2005) 8




MBS (M6.5+) ' v ; it g ' N M8S (M6.0+) A . ( & M8S (M5.5+)
[J CN (M5.4+) * | 0 CN(M5.44) | " - [J CN (M5.4+) ®
| A Y = b=

Aléfmed areas by: | ~
' M8S algorithm for M5.5+, M6.0+,

MB5+ | ==
_\CN algorithm for M>5.4 | = | | |
(Reresan , Kossobokov, Romashkova, Panza
2005, Earth/Science Reviews, 69)! | | | | _ _

Current predictions are accessible (via password) o e o o ow e W

at the following web site: w Monitored territory
http://www.ictp.trieste.it/www_users/sand/prediction/prediction.htm (Subject to update on 1 JuIy 2007)




Integrating CN and M8s prediction results

=5 out of the 8 events with
M >5.5, common to the 2

~ experiments (CN and

- M8s), are predicted by
-alarms declared by both
algorlthms -

= S,pace—time Volume
“occupied-by alarms

{ around 16%

-Space uncertalnty refduced
__to about 15% of the common
' /monitored area. |




A review of the application of the algorithms CN ahd M8

to the Italian territory, about the input data, as weltas

— —detailed - lnformatlon ~about  their performances is
prowded in: | | | |

Intermed/ate term . middle-rarnge earthquake AR
predictions  in Italy: a reviey/ (2005), by A.
| | Peresan, V. Kossobokov, L. Romashkova and G.F. Panza.

" Earth Science Reviews (69, 97-132, 2005),




. Pattern Recognltlon 1S
of Earthquake Prone Areas




| Pattern Recognltlon
— of Earthquake Prone areas

| -'Pattern ‘recognition technlque IS used to |
| identify, independently from selsm|C|ty B
|nformat|on the 'sites where strong @
| earthquakes are Ilkely to occur | ol

SEF Assumptlon strong eventsnucleate at the ==
oo, specific structures-that are formeelz--;-;,
— ! Larawnd mtersectlons of fault Zones. \=a




Pattern Recognltlon
of Earthquake Prone areas

are defined by the
I\/Iorphostructural Zonation I\/Iethod

dellneates a hierarchical block structure of
the studled region; based on:
TR s ‘topography

.| e tectonic data
- e geological data




71.4h of Earthq uake Prone areas

ThIS approach has been applled to \
“many | regions of the world. The-q-

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

T recognlzed to be the potential sites fOF T 17

the occurrence of strong events.




© " Lineaments (ines) @nd epicenters (dotsy .
/Aot strong earthquakes in the Mediterranean area.

N ‘k‘
3\

N
R
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A
i

Morphostructural Zonation Map

Gorshkov et al. (2002, 2004)




Recognition of where strong earthguakes 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
8W

References
Gorshkov A.l., Panza G.F,, Soloviev A.A. & Aoudia A. (2002). Morphostructural zoning and preliminary recognition of seismogenic nodes

around the Adria margin in peninsular Italy and Sicily. JSEE: Spring 2002, 4, No.1, 1-24.
Gorshkov A.l., Panza G.F., Soloviev A.A., Aoudia A. (2004). Identification of seismogenic nodes in the Alps and Dinarides. Boll.Soc.Geol. Ital. 123, 3-18.




I's'th'einfo-r,mé'ti,on on observed seismicity sufficient
'/ /“to identify the sites where large earthguakes may: occur? .

Austria’.

LB~ %= < Hungary/ @&\

7~k 3Croatia’: "+~ Romania

v £ | :’-
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France() ~ U ,
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I\/Iultlscale Nee determlnlstlc N
- Seismic Hazard Scenarios

(ground motion: at bedrock) — —

__ Scenarios at national

Scenarios associated

| | "/Scenarios asso.cia'tec

scale | | | ' »
to alerted CN and M85 reglons (+ tlme)
to selsmogenlc nodes |




REGIONAL FOCAL SEISMOGENIC EARTHQUAKE

POLYGONS MECHANISMS | | ZONES AND NODES | | CATALOGUE | § FlOW-hart Of the
neo-deterministic

" wooers” Lazare metioc

]
SITES ASSOCIATED

SOURCE

WITH EACH § & Seismic sources are

defined based on

| = seismic history,
TIME SERIES

PARAMETERS a8 seismotectonic and

| | | il seismogenic nodes.

P-SV SYNTHETIC SH SYNTHETIC ' 4 ..
SEISMOGRAMS SEISMOGRAMS Seismic sources are

| &Il then selected within
| S the alerted regions
oo | o i (CN or M8S) or
e Within the
| | I/
| e ecarthquake prone
EXTRACTION OF

SIGNIFICANT == nodes.
PARAMETERS




SMOOTHING OF SEISMICITY
for the definition of seismic sources

n=1 -7

_ Discretized seismicity I:D:I
Epicentres (0.2° x 0.2° cells)

.0| - |4.0]4.0|4.0|4.0]4.0]4.0[{4.0
.0| - |3.05.6/4.0|4.0|4.0|4.0
.0[4.04.0|4.0|3.8|4.0|4.0| n

0| - [40[a0[4.020[4.02.0[4.0]
0[4.0[3.0[4.0[4.0[2.0[4.0[ - [40]
~[a0[a0[40[4.0[40[40[40 .\ n=3

[re B 4<viss
[ m=a = w6

Smoothing Window—j

4.04.04.0| - |4.0]4.0]
1 4.0[3.5(3.84.0[4.0[ -
.0]4.0[4.0[6.5/4.0] - [4.0 .
4.0]4.0]4.0]4.0]3.8|4.0] [ —p
- [3.0[4.0[3.5/3.94.0
3.54.0]4.0/4.0|5.54.0) .:

Smoothed seismicity
(0.2° x 0.2° cells)

Selected cells

belonging to

seismogenic
zones

Seismogenic
zone

)

\

N

Metodo@detemministico




| Deterministic
csesesss hazard scenarios at
' national scale -

| Maximum-estimated
L VEIRSITE "\ \ N\

Scenarios at bedrock
Neo—detérministic I\/lethod




177 Neo -deterministic hazard scenarlos
assomated to alerted regions:

8 10° 12 14° 16 18° 20

diction of eartnquakes with SNG i Y =

Alerted areas by M8S algorithm

for an earthquake with 5.5<M<6.0
(as on 1 July 2006 — 1 January 2007)




17/ Neo -deterministic hazard scenarlos_,_
assomated to alerted regions: |

Northern Region
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Scenarlo associated to earthquake prone nodes

Example node determlnlng the maX|mum ground motion in the city of Trleste

correspondlng to an earthquake with M=6.5
(compatlble with seismic history and seismotectonics)

PGD PGV DGA Imax
(cm) (cm/s) (9) computed observed
ING ISG

20-35 40-80 0.08-0.15 IX VI

| Peak' Ground Displacement ('PQD), Peak Ground Velocity:(P_GV),'.DeSign*G_round Acceleration (DGA)-'and'max'i'rnurn"

. “computed-intensity (l,,,, computed), estimated using the conversion tables proposed by Panza et al. (2001). The |
dbserved intensity in the city of Trleste is the same in the ING and ISG data sets.




“Scenario associated to earthquake prone nodes
Example earthquake with M=6.5 occurringl at the node within the alerted reglon
(compatlble with sern"HC‘hlstory and seismotectonics)

M8S (M6.5+)
[CJ CN (M5.4+)

computed), estimated using the

max

.| | / Design Ground Acceleration (DGA) and'maximum com:p'l'j"téd ‘i'ntensit'-y (1
' conversion tables proposed by Panza et al. (2001) based on ING and ISG data sets.




I\/Iultlscale Neo determlnlstlc Y
Hazard Scenarlos T\

(including lateral-heterogeneities).




The use. of synthetlc computatlons iS necessary to
- overcome; the fact that the so-called |

'. generating the™ =
~~selsmicinput (Panza et al, 2000). . AW

~isthe spectral ratio between the honzontal [ 1]
— and verticall components-of motion. YYBE

is the ratio between the. amplltudes of the
~ response spectra, for 5% damping, obtained"
——-considering the- bedrock structure, and the ==
corresponding values, computed tak|ng |nto k

_.._account the IocaI heterogeneous medium.._




Modellng of selsmlc input

(azmquth Siicley)

23 22

21

+
t

19 18 17

[ A

Alluvial deposits
p=1.99 g/cm
o=450 m/s B=210m/s

O™

Sands 3
p=1.91 g/cm
a=550 rgn/s B=280m/s

.Aa

Grey—blue cla s
p=2.06¢g
0=1700 m/s B=650m/s

O se

Quartzous sands
p=212g
o=1600 m/s B =500 m/s

Yellow clays
p=2.04 g/cm
0=1400 m/s B =280 m/s

=

Lavas
p=2.45g/cm3
a=1700m/s B =500 m/s

spectral
ratio




Modelmg of selsmlc mput

(azimuth effect)

for.the

Component
~of motion

o
=
=

Alluvial deposits Sands Gr ey-blue clays
p=1.99 /LIH3 D M p=191 /Lm3 .Aa 0

p=2.06 g/cm
o=450 m/s =210m/s =550 m/s =280 m/s 0=1700m/s B=650m/s

Quartzous sands Yellow clays Lavas
g p=2.12g/cm3 DASg p=2.04 g/cm3

. E p=245g/cm3
a=1600m/s B =500 m/s oc—1400m/s B =280m/s o= 1700m/s B =500 m/s




| tensor rate functlons

About convolutive/deconvolutive methods

“In the far field (and in the point source approximation, i.e.. in

the S|mplest possrbie case) the dlsplacement (the selsrnogram)-

B

k(t) Mn(t)*le ](t)

k,’ i and j are indices and ] ‘means der|vat|ve,| _* means] | |
convolution, G is the Green's functlon and M; are moment, '

T If the M are conS|dered to be |ndependent in the description of | | |
—the” source the above equation is linear (|t corresponds to a
~~ mechanism generally varylng with tlme) WA



About convolutive/deconvolutive methods

. However if we constraln the mdependence of M; and ask for a
constant mechanism ' (even_ unconstrained one i.e.. the full
~moment tensor) i.e. if we impose the constraint M, i(£)=M;;.m(t)
the problem becomes non-linear because of the product on the
| rlght hand side of: BERRE

u(H)=M, m(t)*le ](t)

——both~ M and m(t) are modeH:)arameters controII|ng source — —
' ;propertles | R mwL SN

Thus the problem in the time domaln is non- I|near even'
| .'W|thout the DC constralnt (the DC constraint is an’ addltlonal |
____'_non linearity here) NSt T,




Hybrid Method :
Modal Summatlon+F|n|te leferences

Distance from the source

Free surface — \{

73

Source

Reference layered model

Adjacent grid lines, where the wave

Artificial boundaries, limiting A ! (
the FD grid. field is introduced into the FD grid. The

incoming wave field is computed with
Zone of high attenuation, where the que_ summation technique. The
Q is decreasing linearly toward two grid lines are transparent for
the artificial boundary. backscattered waves (Alterman and
Karal, 1968).

Local heterogeneous model A Site




Detalled scenario of ground motlon
including local site effects

Exarnple scenarios of groundJmotlon N the C|ty of Trieste

Based on the .
morphostructural zonation
and on the idientified "

- three possible seismic: |
% —sources have been
| considered for ground

motion modelllng in
Tneste .

| B
A selsmlc source in the
Bovec! zone (65 km fronh
'Trleste)

| A seismic source East of|
Gorizia (30 km from ]

/Trieste) | WL
The closest selsmlc
source at I7 km: from
Trieste ~ 4 :




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

e Roiano - Palazzo Carciotti (1)

e DST - Palazzo Carciotti (2)

e Zona Industriale (E)




Definition of the locallmodel-

| | |
4 2 kG

Dizstance along the profile (k)

“TE&EE"" r&Mf"__FEE" rﬁf"mrﬁ """" rE; """" ¢
Aria 0.000  0.000 0.000 |
Riporti 1.300 0420 m 0.200
Sed. marini 1.900 0800 40 0.400
Flysch 2.000 1800 100  L.00OD

Arenarie 2.100 2000 200 1.200
Calcari 2.3040 2500 200 L.400

TS




270 - Bedrock=Bz - Dist. 17 km - M=6.0
Synthetic. Seismograms

Transverse component of:
ground motion: displacement,
veIOC|ty and acceleratlon

Time (5]

Yertical Accelemtion

0 & 10 15 20 2 3 3 0 & 10 15 20 25 30 *F 0 & 10 15 20 25 30 35

(Radial and vertical co"mponents !
can be con5|dered as well). -

Radial Accelemtion
T
Time |5

«Effect of the lowsvefocity basin=—
amplification of the ground motion
.'an'ld longer duration of the sh,akin.g.

T T
Time (s

Transverse Acceleration
T

| -_The synthetlc selsmograms |
canstitute the seismiciinput for the
mbdellng of the response of the
bundlngs \e

g6 04 07 4Q
Depth (k)

I (W) sjyoud su Buce soumsg




Esttr-nate of the amplrfrcatron of

/the ground motien anng the
profrle (RSR 2D/1D)

[ ‘_Ithcbta.rned computlng at each _._;'.. |

'site and for each component the
=rratio between the response
| spectrum.of the!signalland the_ | |
response| spectrum of a signal™ |

'-'j—— cornputed at the-same location
| usrng a reference bedrock model

Srte effects In Tneste city centre may-
cause——a—srgnrfrcant amplrﬁ:caftron_(up i_;
to 5 times/ at englneerlng relevant
_Tr'équ'encieS) of the seismic signal at

|bedrock ‘hence mtensrty may reach

Lane (MCS) or Vil (MSK).
] |

10> Bedrock Bz« Dist. 17 km - M=6.0
~ Accelerations and:Amplifications

Cistance from he source (km)

Distance along the profile (km )




- 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 partlcularly
| powerful and economlcal tool for the preventlon aspects
of C|V|I Defence. |

| Nonr—llnear;dyn.amic analysis considering the seismic input
~provided by the complete synthetic accelerograms as
~obtained from-microzoning=-tvaluate the response of
_relevant man-made structures, in terms of dlsplacements 9
 and stresses, Wlth respect to a set of pOSS|bIe scenarlo A
| earthquakes | N\




ineering analysis

/ /PALAZZO CARCIOTTI, |

* SR
1 it
PRURTE T




A Se.izsmic b,ase 'iso‘lation X

Amgmg_the cost effectlve advange actlon aimed at creatlng
knowledge based hazard resment publlc assets a partlcular role
Is played by - -

| _Tbg_s_e_gs.gmc |solat|on \

systems (rubber |

—bearings, frictional -

— type systems, etc.)
‘need to have1

| 'suffluent

| |displacement and

energy d|SS|pat|on

" capaem es.




I\/Iultlscale Neo determlnlstlc Y
Hazard Scenarlos R\




Pr|nC|paI tsunamlgenlc areas for the
Northern Adrlatlc basin

Zone 1: Central Adriatic:
and Croatla coast———'-t:'-j —

Zone 2: Italian eastern -
coast |

Zone 3'-'Gargéno o

-M Northern AIbanla
‘coast

= lone 5: Southern Croatia,
Bosnia-Herzegovina and
~Northern Albania

Zone 6: Julia and Fr|uI|

Adriatic basin




Pnnupal tsunamlgenlc areas for the
i Northern Adrlatlc basin

Two possible . “source
localizations: adopted for
. the tsunami modehng anct"- |
the reahzatlon of tsunam| b
hazard scenarios: \

__I)_""_g ; ||n front of the

- Croatian coastllnes where —
many h|stor|cal tsuhan%s .___.j,"
occurred | F ]

\ciA asseerated J:o
the hlstorlcal event of

I 1 26/3/1511 ¥

Adriatic basin




Source 2 scenario.

The'tsunamis are computed
for-different-scenarios,
compatible with seismic |
history and seismotectonics:
a) M=6.0, M=6.5'and M=6.9
 b) different thicknesses of ithe

liquid layer: 20, 50'and 100m..| |

~¢) 2 distances of the source
from'the coastline:-18-and 40,
K. |

" Inland source ® Green-function approach

d=18 km Trieste d=40 km
- e L T ]




Historical _ts_llu nami in the N.or-thérn“ Ad riétic basin

Among the 26 h|stor|cal tsunamls reported for the
Adrlatlc basm there are the foIIowmg

I - ".per la fortel commozione deI
= suolo resto asautto |I fondo deI Canal Grande '

le ondate L 9 |
B costrlnsero la popolazmne di [irieste a mettersi |n salvo I

N “nella parte alta della citta.-a Venezia leonde si
———elevaronofino all’altezza-delle-finestre delle case”




The ASI SISMA prOJect
mtegratlng data from earth observatlons ERE




ASI Pilot PrOJect - SISMA
“Seismic Information System
fior Monitoring andAlert=

_. .Development of a system, based on the neo- |

—deterministic approach-for the estimation of seismic

__ground-motion, integrating the space and time

| ;.-dependeht information | provided by @ real-time
‘monitorihg of seismic, flow and EO data analysis, |
through geophysu:al forward modellng | ' |

R .1%‘

galileian

Politecnico

Milano di Milano




i 15MA OveratfBastription

Permanent Seismic
GPS Network Networks

GPS data analysis ‘ ~ Morphostructural Formal analysis Definition of multiscale
analysis of seismicity velocity models

\ / of the Earth

restrained areas
for GPS and SAR

Multiscale Ground
motion scenarios Restrained areas
Deformation Maps For GPS and SAR
Velocity Maps NRT applications

USER GIS
Information on impending
earthquakes:

Time, Space,
Deterministic Scenarios

Raw data

1st Level

2nd Level




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
continuously updated

deformation and
velocity maps

Formalized analysis
of seismicity update

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
Restrained areas Data processing to

for GPS and SAR retrieve continuously

updated deformation

Permanent




< "'Maps of alerted areas, prone to earthguake events

-~ with given magnitude, will be obtained through

comparison of non-EQ infermation, provided by . -

| | seismological data/analysis, and taking into \
~accountresults provided by Geophysmal Modelllng-

- _.based on EO mformatlon

EO obsérvatlons con5|st|ng of GPS and DmSAR

3'|mages will permlt to draw deformatlon maps on|
-the surface sl -—;—:‘ .

Stress maps at the depth of the active faults will be |

—obtained through integration of EO geodetic. 14 g

g | mformatl@n mto Geophysmal Forward Modelllng




i | Geophysical
Lok | F”orv.var',d
-1+ Modelling

NRT application

in alerted areas e — — e
/ / Strain-rate and stress'maps; |

==/ At local and national-scale-— -




The Umbria-Marche baseline variations

Basili-Zollo Antenna mixing

Zollo . . 3

s with relative PCV*
Salwvi _ ;

(mm)

Antenna mixing
:wi’rh. Geo++ "PC'V

ion

t

ine varia

o
S
S
CT'
o
o)
>
—i

Basel

Colleoce

10 ' 20 ! | | #
Distance (km) Permanent-

GPS data




SOALPS

A\ GPS '
Lovace |

Geodetic Alpine Integrated Network Interreg 111 B

‘Permanent GPS

_observations




Methodology for detectlng the vertical movements :
durlng the pre-seismic, co-seismic and post-seismic phases
|n earthquake prone areas

Colfiorito seismic sequence 1997

43°12' j i

43°00'

42°48'

12°36' 12°48' 13°00' 13°12'

s

0.20 ; 010 005 0.00

DINSAR data
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Comparison between predicted
crust and lithosphere
deformation patterns and SAR
retrieved ones show the
feasibility of contribution to
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_Whi'Ch is the contribution 'ofEarth Observati'Ons?

—Inter and pre-seismic phase monitoring of Sutfat:“e -
———=——deformations;-whieh Is a pOSSIble |nd|cator of stress
__build up on faults’ R, R

= Co -S€eismic phase improve understandlng of the

__process taking place along the fault plane and
permit estimating of the interactions of the stress

- field (modified after the selsmlc event) and nearby
faults | WL EEE -y

Post-seismic phase monltcrlng pOSSIble

phenomena-(e.g. afterslip, post-seismic retaxatloh) ,
that may affect the stress fleld In the I|thosphere {1l




IDR|I\/I Integrated Dlsaster Rlsk
Management |




Why Integrated Dlsaster Rlsk I\/Ianagement (IDRlM) ?
Disaster management for multlple hazards/disasters |

Disaster Management for multiple stakeholders in dttesr A
s _rngons and communities - |

___More participatory disaster risk management needed asa
| part of IDRIM governance L IS gl | |

.' _Incorporatmg disaster management into
urban/ regional/community _management

. Methodological framework for more Cross- d|5C|pI|nary,
| more policy and practice oriented ;

| ""|mp|ementat|on science for IDRlM h|ghly expected

_ N, OKada (IDRC Davos, 29 Aug.; 2006) . /




Positive steps towards implementation:

An-agreement has been signed among the Abdus Salam I_nternational
Centre for Theorethical Physics, .-and the . .of the -

- Friuli Vene2|a Giulia Region (NE Italy) for the practical |mpIementat|on
~of the mtegrated neo- determlnlstlc hazard procedure |

Routlnely updated tlme dependent seismic hazard maps are made i
avallable to the Civil Defence. (end-user). |

PROTEZIONE CIVILE

abdus salam!
international
centre
for theoretical
physics




. MEXT-NIED: PrOJect
International Framework for Development of

/ Dlsaster Reductlon Technology Llst on Implementation Strategles

Target Technologles

“The mission of the prOJect WI|| be to complle d1sa§cer"'
—-—---—-reductlon technologies- that. will help -enhance disaster
____reduction capabilities of developing| countries. They should

be | affordable, sustalnable and be based on reglonal |

| perspective.

a Implementatlon Orlented Technologles

Outputs | from R&D efforts using ‘modern | research ' |
. methodologies, but practiced under a clear notion of @
~implementation’ strategies—and--international \-perspective- -
. _throughout their plannlng, execution, and mtegratJOn nota
. one-sided show case of researchers nor "research for |
_ research.” \\\ 2 L]/ \SSLLT 1T




~ International Perspective .

At |nternat|onal IeveI the UNESCO IUGS-1GCP prOJect___

- - thanks to an
mm extensive use of the reaI|st|c modelllng, permltted to
— define-for-several-large cities worldwide, standard|zed =

___innovative maps. of the relevant. parameters of
ground motion. | |

The relevant outcomes of the_ prOJect have been

| | ' published in 2002 on Eplsodes the official Journal of____, | &/
' TUGS. ul N

e (http://wwwilictp.'tr.ieste.it/www_uSers/sand/unesco—414.html)
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UNESCO-1UGS-IGCP Project 457 .~ -
“#Seismic Hazard and:Risk Assessment i North Africa™
: (Alge-rié,'Libia, I\l/lorllocco._., Tuni'sfi-a, Egypt, Italy)

* Compilation of a Unified Earthg
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Fully formalized- _algorithms- for intermediate-term middle- range
____egr_thquake predlctlons are ‘currently available for the routine

| monltorlng of seismicity. The real-time monltorlng of selsmlc flow
aIIows for the forward testlng of CN and M8S predlctlons

Pattern re"'.fc'ognition " teohn'ique’s,' earth observations 'l_and neo- |
deterministic seismic hazard procedures can be integrated, blending
together the available information in a set of time-dependent neo-
determlnlstlc scenarios of ground motlon at reglonal and local scale.

. One of the advantages of the proposed approach conS|sts In the time |
information provided by mtermedlate -term /predictions, that supply -
decision makers an objectlve tool -indicating’ priorities: for-timely
mitigation actions (e.qg. retrofitting of critical structures). | |




The neo-deterministic seismic hazard procedure makes it possible
to use wide geophysical and geological data sets, 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 rer only on macroseismic observatlons

; N-eo—d-et-erm4n|st|c :hazard- ‘assessment and recognitiO‘n' of

earth'quake prone areas procedures are especially useful as a
- mean of prevention in areas where hlstorlcal and mstrumental
mformatlon s-scarcey ——'——— o -

The seismic input (complete seismograms) provided by the
_realistic modeling of ground motion permits the engineering non-
linear dynamic analysis of relevant structures (e.q. brldges -'
hospitals, crams) (F/e/deta/ 2000). Y |






