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2009 L'Aquila Mw 6.2

e 6. dubna 2009, 3:32
mistniho Casu

e Oblast Abruzzo, Italie

e Apeniny, extenzni rezim
(norm. zlom vedouci
primo pod mestem)
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ﬁ"& ISTITUTO NAZIONALE DI GEOFISICA E VULCANOLOGIA

Mappa di pericolosita sismica del territorio nazionale
(riferiments: Ordinanza PCM del 28 aprile 2006 n.3519, Al 1b)
espressa in termini di accelerazione massima del suolo
con probabilita di eccedenza del 10% in 50 anni
rferita a suollfigich (Vex> 800 mve: cat-A. punto 3.2.1 del D.M. 14.09.2005) |
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The seismic hazard map
of Italy (2004)




Interseismic strain inferred from GPS
~ Velocity field Strain Rate
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aExtenzm’ rezim => Poklesové zlomy

VS Gran Sasso ENE
D'Ocre Mits. Thrust Coastal Structure

Schematic geological section
across the M. D’Ocre — Gran Sasso
structures (after Satolli and
Calamita 2008)

I:I Middle Pliocene-Pleistocene marine I:I Messinian post-salinity crisis :I Carbonate platform and slope-to-basin
deposits of the Peri-Adriatic domain foredeep deposits succession (Upper Triassic-Miocene)

]:[ Lower Pliocene foredeep deposits gﬂr‘?s.si:,frgfendgr:p- ::;Ds;ﬂr;-salrmw - Basement ?



Historical seismicity and faults
CPTIO4 Catalogue
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Seismicity in central Apennines
CSI catalog 1980-2008
April 2009 seismic sequence

The seismic sequence is located at
the border between a relatively high
seismicity rate area to the North and
a almost quiescent area to the
South.
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Earthquake magnitude

Daily number of earthquakes
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31 March: Members of ltaly's
30 great-risks commission meet

in LAquila.

Uvoliyje se energie jen ve forme rojovych

Nature, 2011
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Coseismic effects observation points (pink triangles).
More than 200 sites were surveyed.
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Continuous GPS
1Hz data Preturo site (L' Aquila) DruZicova interferometrie (INSAR)
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Relocated aftershocks

Validation:
Aftershock seismicity
confirms the model
fault geometry

Faglia di Paganica




Nase vysledky

(ve spolupraci s INGV v Milané)



Zaznamy z
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Skluzova inverze

12730 13°00" 13°30' 14700

e K poklesu na zlomu 4300
nedoslo vsude ve
stejny cas

e Celo trhliny se Siri z
hypocentraa _
postupne porusuje 42'30"
cely zlom

e Jak konkrétné Sireni
trhliny vypadalo v
tomto pripadé?

o Dllezité pro dalsi sz K
porozumeni dynamice
seismickeho zdroje

42°00"

Gallovi€ and Zahradnik, J. Geophys. Res., 2011
41°30'

12°30" 13°00' 13"30' 14°00'



Problém: nejednoznacnost inverzi

Yagi and Kikuchi (2000) - From body waves+strong motions M, = 1.17 10% N.m

Porovnani vysledku
riznych autoru pro
stejné zemétreseni
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Delouis ef al. (2000) - From SAR+body waves+strong motions u,.znmﬂﬂm

Clévédé et al. (2004)
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Cakir et al. (2003) - From GPS, SAR and tectonic obs. Mo=18210%Nm 0.0 Jak vysledkim inverzi vérit?
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Formulation of the slip inversion

e Representation theorem

u; (1) = // Au(x, 7)H; (x,t — T)dxdT, — d = Gm,

— Vector d contains displacement waveforms

— Vector m contains discretized slip velocity functions on the
fault; each of the samples represent a space-time point
source

— Each column of G contains elementary seismograms due to
the space-time point sources

e Solution by Truncated Singular Value Decomposition (TSVD)



Truncated Singular Value Decomposition (TSVD)

e Generalized inverse matrix
M L’r'," d

G=VATUT > =)

i=1 &

A
Vi

— The inverse solution m~ is composed of singular vectors V
that are combination of model parameters, i.e. “slip
patterns”

— Vector U are normalized seismograms for the corresponding
slip pattern V

— A's are singular values

— Truncation necessary not only because of the data error, but
also due to incorrect Green’s functions (imprecise knowledge
of propagation medium)

— Truncation causes not only loss of resolution, but can also
lead to incorrect interpretations!



Synthetic tests for a LINE fault

e Example of singular vectors for three stations
around a fault (near regional data)

S S S S

Note the smoothness of the
Amplltude (dlmensmnless} leading singular vectors

J

HENN

10 20 30 40
Along strike (km)



Synthetic tests for a LINE fault
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e Various truncation levels

for the bilateral rupture Spurious asperity!

e The truncation in real
application dictated by
the imperfect Green's
functions

e ...in double precision the
result is perfect
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Synthetic tests for a LINE fault

e Note that since the singular vectors are
smooth, inversion emplying smoothing as
stabilization (instead of truncation) does not

help... N - .
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TSVD inversion of real
data of the 2009
L'Aquila Mw 6.2

(rectangular fault)
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Up-dip (km)
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Alternative solution: Multiple Finite-Extent

(MuFEXx) source model

e Simplification of the model based on the TSVD result
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Pridana hodnota: analyza
neurcitosti reseni
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acceleration [cm/s?]

velocity [cm/s]

Rozsireni modelovani do oblasti
10 Hz (silné pohyby)

e ZjiStény model skluzu je doplnén o
stochastickou vysokofrekvencni Cast
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Shrnuti

Zemeétreseni L Aquila patri k nejlépe zaznamenanym jevim v
Evrope

V prvni etape INGV aplikoval veskere rutinni postupy na
analyzu geodetickych, geologickych a seismickych dat

V druhé etapé tato kvalitni data iniciovala vznik novych metod
(napr. TSVD, MUFEX, a jine v jinych zemich)

Efektivni spoluprace s italskymi kolegy: Praha — teorie, Italie —
data (=> 2 clanky v J. Geophys. Res.g

Nové poznatky o zemétresenich (stripky do mozaiky):

— Slozitost zlomového procesu (zpozdéni trhliny)

— Interpretace procesu poruseni reologickymi vlastnostmi zlomu a jeho
okoli (Di Stefano, 2011)

— Vyzkum nukleacniho procesu (Ellsworth a Chiaraluce, 2009)
— Postseismicka relaxace (Cheloni et al., 2010)

Co bude dal: hledani novych zlomd, paloseismologie (Falcucci a
kol., 2011), dynamicky model zdroje

Spolecenska odpovédnost seismologll (?); sociologie
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