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Nicive zemeétreseni

11. 3. 2011 v Japonsku;
priciny a souvislosti.

F. Gallovi¢, C. Matyska, J. Zahradnik
moderator: O. Cadek

katedra geotyziky MFF UK




Velka zemétreseni

Velka zemétreseni jsou stalou prirodni
hrozbou nékterych zemi.

O mire nasledku spolurozhoduje ¢loveék

(odolne¢ stavby, rychlé varovani).




argest Earthquakes in the World Since 1900 - Windows Internet Explorer

% http: ffearthquake.usgs. gov/earthquakesworld/10_largest_woarld. php sl ||| X P~
File  Edi i Favorites Tools Help
- Forward
w e % Largest Earthquakes in the World Since 1900 || - B o= - | Page {0 Tools ~
Earthquake Notifications A
Seismogram Displays
Earthquake Animations
Did You Feel It?
ShakeMaps
ER USGS National Earthquake Information Center
EQ Summary Posters —
Future |£1 Google Earth KIML
Earthquake Scenarios (requires Google Earth)
Prediction . .
Erobabilities Location Date UTC Magnitude  Lat. Long. Reference
Location 1. Chile 1960 0522 9.5 -38.29 -73.05 Kanamoaori, 1977
Info by State 2. Prnce Wiliam Sound. Alaska 19640328 92 6102  -14765  Kanamori, 1977
Info by Country/Region
3. Off the West Coast of Northern Sumatra 2004 12 26 9.1 3.30 95.78 Park et al_, 2005
4. Near the East Coast of Honshu. Japan 20110311 9.0 38.322 142.369 PDE
5. Kamchatka 19521104 9.0 52.76 160.06 Kanamari, 1977
6. Offshore Maule, Chile 20100227 8.8 -35.846  -72.719 PDE
T. Off the Coast of Ecuador 1906 01 31 8.8 1.0 -81.5 Kanamori, 1977
8. Rat Islands. Alaska 1965 02 04 8.7 5121 178.50 Kanamoaori, 1977
98 Northern Sumatra. Indonesia 200503 28 8.6 2.08 97.01 PDE
10.  Assam - Tibet 195008 15 8.6 285 96.5 Kanamaori, 1977
11. Andreanof Islands. Alaska 1957 03 09 8.6 51.56 -175.39 Johnson et al., 1994
12. Southern Sumatra. Indonesia 2007 09 12 8.5 -4.438 101.367 PDE
13.  Banda Sea. Indonesia 19380201 8.5 -5.05 131.62 Okal and Reymond, 2003
14.  Kamchatka 19230203 8.5 54.0 161.0 Kanamori, 1988
15. Chile-Argentina Border 1922 11 11 8.5 -28.55 -70.50 Kanamoaori, 1977
16.  Kuril Islands 19631013 8.5 449 149.6 Kanamari, 1977
b
htips : /fsslearthquake. usgs. gov/fens/ & Internet H100% -
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Shallow Earthquakes (Depth = 70 km), Magnitude = 7.0
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Cumulative Moment ( x 1DESN—m)
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Time Moment Rate
Range (10** N-m / yr)
1907-1923 0.031
1930-1950 0.037
1967-1980 0.034
1967-2004 0.025
1990-2004 0.040
2005-2010 0.066 ﬂ[iﬁﬁa
Chile
1960
Kamchatka

1952

Sumatra-”

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

Year




] l http://earthquake.usgs.gov/earthquakes/world/most _destructive.php

Japan

1891 10 27 -
- Sanriku, Japan - M 8.5 Fatalities 27,000

1896 06 15

Mino-Owari, Japan - M 8.0 Fatalities 7,273

1923 09 01

- Kanto (Kwanto), Japan - M 7.9 Fatalities 143.000

1927 03 07

- Tango, Japan - M 7.6 Fatalities 3,020

1933 03 02

- Sanriku, Japan - M 8.4 Fatalities 2,990

1943 09 10
1944 12 07

- Tottori, Japan - M 7.4 Fatalities 1,190
- Tonankai. Japan - M 8.1 Fatalities 1.223

1945 01 12
1946 12 20

- Mikawa, Japan - M 7.1 Fatalities 1,961
- Mankaido, Japan - M 8.1 Fatalities 1,330

1945 06 28
1964 06 16

- Fukui, Japan - M 7.3 Fatalities 3,769
- Miigata. Japan - M 7.5 Fatalities 26

1995 01 16

- Kobe, Japan - M 6.9 Fatalities 5. 502

2000 10 06

- Western Honshu, Japan - M 6.7

2003 05 26

- Mear the East Coast of Honshu, Japan - M 7.0

2003 09 25

- Hokkaido, Japan Reqion - M 8.3

2003 10 08

- Hokkaido, Japan Region - M 6.7

2003 10 31
2004 05 29

- Off the East Coast of Honshu, Japan - M 7.0
- Off the East Coast of Honshu. Japan - M 6.5

2004 09 05

- Mear the South Coast of Western Honshu, Japan - M 7.2

2004 09 05

- Mear the South Coast of Honshu, Japan - M 7.4

2004 09 06

- Mear the South Coast of Honshu, Japan - M 6.6










Litosfericke desky

Pri¢inou zemétresné Cinnosti je interakce
desek na jejich styku.

Ruzné reologicke vlastnosti v rizném
casovem méritku (miliony let — sekundy).
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Subdukce

0 200 400 600
distance along profile (km}

NEIC Epicenter
TRENCH
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Zemétreseni ,,mapuji deskové rozhrani
(okrajova podminka dalSich modeli).

Subdukce probiha jako skluz s
lokalnim a do¢asnym zaklesnutim.

Modelovani subdukce jako teCeni:
viz napr. doc. H. Cizkova.

28 =

an]



Hlavni otres.

UrcCeni polohy, velikosti a mechanismu
jevu je rutinni zaleZitost automatickych
seismickych siti.

Problematika presnosti a rychlosti odhadu
je zakladni vyzkum.




Mw 8.0 Prvni odhady velkych zemétireseni

USGS Centroid Moment Tensor Solution

jsou vyrazné podcenény !
Napr. M 7 misto M 9,
Cili energie 1000x menSi.

Date: 11 MAR 2011
Time: 05:46:23.82 .. C . veir g .
Epicenter: 38.308 142.383 Nejistota v poloze zavisi na pouzite siti stanic.

Depth: 10 km Prvni odhady ze vzdalenych stanic maji
neurcitost Fadu 10 km,
v hloubce i vice nez 10 km.

Mechanizmus ohniska
(stereograficka projekce
zlomové plochy).







Distance (degress)

Globalni seismicka sit’.

Lokace béhem minut.

Rychlost vin ~ 10* km/hod.
Dlouh¢ viny (informace o trvani zlomového procesu)
jsou relativné pomalé, mozne podcenéni velikosti.

Sendai Earthquake |Global Displacement Wavefield

TR RIS mUSes o

Data from the TRIS-USGS Global Seismographic Networl
Fignre prepared by Richard Aster, New Mexico Tech
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Tsunami early warning using earthquake rupture
duration and P-wave dominant-period: the
importance of length and depth of faulting

Anthony Lomax' and Alberto Michelini® &8 Td-T50Ex

Tdominant_(sec)
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Tdomil

The ,,earthquake monitor“ (INGV, Rome)
located the mainshock at
origin time (OT) +3min,

To>50s_Exceedance

and indicated:

-60 =55 =50 =35 =30 -25

.MWp:8 2-85 at OT+4min 2011.03.11-05:00:17 UTC'. Time |T9f0l'er|381 data (min) 2011.037.11—96:017:131‘7

—§—
max -,

o = N W & o o

To>50s_Exceedance

A very high tsunami warning level
at OT+8min,




Systemy rychle¢ho varovani
z blizkych stanic

Priklad z Italie, na némz se podilel

F. Gallovi€. Jeho synteticke seismogramy
slouzily pro testovani systému.




Real-Time Evolutionary Earthquake Location for Seismic Earlly Warning

by Clandio Samnano, Anthony Lomax, and Aldo Zollo
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Performance Test of Earthquake
Early Warning System in Southern

Italy

Zollo A (1), Iannaccone G (2), Cantore L (1), Convertito V (2), Emolo A
(1), Festa G (1), Gallovic F (3), Lancier1 M (2), Martino C (4), Satriano
C (4), Vassallo M (4)

(1) Universita di Napoli Federico II, Naples, (2) Istituto Nazionale

di Geofisica e Vulcanologia, Naples, (3) Dept. of Geophysics, Charles University in
Prague, Czech Republic, (4) AMRA S.C.A.R.L, Naples




The Irpinia Seismic Network (ISNet)

future Earthquake Early Warning System

The Irpinia Seismic Network (ISNet)

| > ,;;;r. Calmp'ania }Regink sub-nets

- W

NAPLES |

- =y R

Three levels of data acquisition and
L)

transmission

® Stations (data loggers)
* Local Control Centers (sub-nets)
* Network Control Center (Naples)



Tempo 0 s (Primo trigger)
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Tempo 8 s

Vystraha do Neapole (za 20-25 sekund prijde zemétreseni)...
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Informace o moznych ucincich
v realném cCase pro zemetieseni
kdekoli na svéte.

ShakeMap a PAGER (USGS).

Trik jak spojit automaticke datove sité a
relativné jednoduché fyzikalni modely
zemétfeseni do u¢inného ,,primyslového*
produktu s obrovskym praktickym
vyznamem.




ShakeMap is a product of the U.S. Geological Survey Earthquake Hazards Program

in conjunction with regional seismic network operators.
ShakeMap sites provide near-real-time maps of ground motion
and shaking intensity following significant earthquakes.

USGS ShakeMap : NEAR THE EAST COAST OF HONSHU, JAPAN USGS Peak Accel. Map (in %g) : NEAR THE EAST COAST OF HONSHU, JAPAN
Fri Mar 11,2011 05:46:23 GMT M 9.0 N38.32 E142.37 Depth: 32.0km ID:c0001xgp (FriMar11, 2011 05:46:23 GMT M 9.0 N38.32 E142.37 Depth: 32.0km ID:c0001xgp

a2l | - Wf |

138 1 4D° 142°

Map Version 7 Processed Wed Mar 16, 2011 11:19:52 AM MOT — NOT REVIEWED BY HUMAN Map Version 7 Processed Wed Mar 16, 2011 11:19:52 AM MDT = NOT REVIEWED BY HUMAN

’gﬁfﬁmgﬁ |Not felt| Weak | Light iModer.aleh Strong | Very sirong | Severe Violent | Exireme
’3;5,";‘;@'- | mone | nono | nene | Verylght| Light | Moderale |MederatoHeavy Heavy |Vary Hoavy
PEAK ACC.(%g) | =17 |.17-1.4| 1.4-39 | 3982 | 9.2-18 18-34 34-65 65124 =124

PEAKVEL(ems)| <01 | 011.1| 1134 | 3481 | 8116 | 1631 | 31-60 | 60-116 | =116

L R T v Pozor ! Nezahrnuje tsunami (zatim...).




PAGER - Prompt Assessment of Global Earthquakes for Response

EAR THE EAST COAST OF HONSHU, JAPAN - Windows Internet Explorer

span201 1usgsipageriPAGER, - M 9_0 - NEAR THE EAST COAST OF HOMSHU, JaPan, mht b | +4|| X | | P

vorites  Tools  Help

3AGER -M 9.0 - MEAR THEE... |@PAGER-M9.D-NEARTH... x| | f - B b v Sk Page - {OF Took -

~ USGS Home
‘I‘-“J i fid Contact USGS

science for a changing world : Search USGS

Earthquake Hazards Program Home  AboutUs  Contact Us 0,

EARTHQUAKES HAZARDS LEARN PREPARE MONITORING RESEARCH

ey PAGER - M 9.0 - NEAR THE EAST COAST OF HONSHU, JAPAN

H

ome Alert level does not include impacts from earthquake-related hazards such as tsunamis, landslides, fires or
Archives liquefaction.
Background Earthquake Shaking Alert Level: m Download Alert PDF whats this?

Friday, March 11th, 2011 at 05:46:23 UTC (14:46:23 local)
Location: 38.3° N, 1424° E  Depth: 32km
Event Id: USCO001XGP

onePAGER Information

Team Members

Data, Products, and Alert Version: 9

References Created: 1 week, 1 day after earthquake.

FAQ FOR TSUNAMI INFORMATION, SEE: tsunami.noaa.gov.
Disclaimer

Contact Us Alert Information

Red alert level for economic losses. Extensive damage is probable and the disaster is likely widespread. Estimated economic losses
are less than 1% of GDP of Japan. Past events with this alert level have required a national or international level response. Orange alert
level for shaking-related fatalities. Significant casualties are likely.

Show graphs as tables

Estimated Fatalities Estimated Economic Losses

o,
24% 24% 29% puiam
- 11%
1



Po velkém zemétieseni nasleduji
dotresy.
Mohou byt dokonce niCiveisi
nez hlavni otfes.

Pokrok v predpovédi pravdépodobnych
mist dotfesu probereme pozdéji.




Wed Mar 16 11:45:26 UTC 2011
04 earthguakes on thisz map ERIL. TOKYO UNIVERSITY

Epicentral Map in last 7 days

Last Updote 000 Mar, 17, 2011

137" 138" G 140° 141° 142°
; . . . | |

Viz napr. dotifes M 7 pobliz Tokya. o

Aktivace mnoha riznych zlomii!




E: CS e m Earthquake sequence off coast of horth eastern Honshu, Japan
MmSC since 09/03/2011

~—_
M2.0 on 1103111 at 0546 UTC

M7.2 on 0903411
at0z2:.45 UTC

7

Magnitude
| |

Porovnani: V nejaktivnéjsi oblasti Evropy (Recko) se piipad
péti zemétieseni M 6 v roce 2008 studoval jako zcela vyjimecny.




Siln¢ pohyby

Technologicka uroven Japonska pro méfeni a zpracovani silnych
pohybu v realném Case nema jinde ve svété obdoby. Stanice
kazdych cca 10-20 km, na povrchu i ve vrtech, pln¢ automaticky
systém. Data okamzité komukoli voln¢ dostupna na Internetu.

Pokrok v intrumentalnim vybaveni umoznil
kvalitativné lepsi modelovani zemétieseni.




ﬂ Map of Strong Motion Stations for Japan, Tohoku Earthquake of 11 Mar 2011 - Windows Internet Explorer
& | http: [, strongrmotioncenter .orgfcai-binfncesmd/igrStationMap. plPID=Japan_1 1Mar2011

Flle Edit Wiew Faworites Tools  Help

Strong Motion Stations for Japan, Tohoku Earthquake of 11 Mar 2011, 546
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Méreni silnych pohybii blizko ohniska je neocenitelné pro modelovani zlomového procesu.

2011 Off the Pacific Coast of Tohoku earthquake. Strong Ground Motion

Mational Research Institute for Earth
=3NIED [™=NIED NIED :
r—J il W R-NE] Science and Disaster Prevention

2011/3/11 14:46. Depth 24km. M9.0 (JMA)
Peak Ground Acceleration (surface) Peak Ground Velocity (surface)
7 TN T
0 _ 1 ¢

The largest peak ground acceleration among K-NET and KiK-net sites was recorded at MY G004
K-NET station (waveforms displayed below), reaching 2933 gals (3 components vector sunmation).
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Databaze silnych pohybii tvori empiricky material pro hodnoceni acinkii budoucich jevii.
Podklad k projektovani seismicky odolnych staveb !

2011 Off the Pacific Coast of Tohoku earthquake. Strong Ground Motion

ED Mational Research Institute for Earth
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Comparison of observed values of PGA and PGV with ground motion V pripadé M9 srovnavame
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Pravdépodobnostni odhad ohrozeni

30-yr probabilities of JMA
intensity=VI lowar (~0.4 g)
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Kinematicky model procesu na
zlomu (pod zemskym povrchem).

Modelovani seismickych vin umoznuje
vypocitat prostoro-Casove rozlozeni trhlin,
¢ili ,,skluzu‘ na zlomu v ramci linearni
teorie pruznosti a malych deformaci.
Dynamiku tj. vznik trhlin zde nestudujeme
(Spatna znalost reologie poruseni zlomove
zony) .
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ReSeni riiznymi metodami
davaji ruzné vysledky
(napf. v dusledku
ruzné predpokladané
geometrie zlomu,
rizna parametrizace, atd.)

Problém odhadu neurcitosti
200 -100 o 100 200 nelinearni ulohy.

Podivna (mal4) rychlost trhliny.
Patrné Slo spiSe o kombinaci
nékolika zemétireseni M7, M6.
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Vertical deformation calculated from slip distribution model
[preliminary result)
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nevratné posunuti
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Vypocteny pohyb morského dna

je podkladem pro

védecké (nikoli rychlé)
modelovani vzniku
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Pro studie v realném case
maji zasadni vyznam

meéreni na morském dné.

Mean Sea Level (cm)

Unfiltered Data o I o Tsunami waves
(Tide Signal Present) Seismic surface waves . et o
I
o
\\ '
Tide Signeal 70 min. .
Filiered Data Seismic surface waves Tsunami waves
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_ Howrs after miain shock

Fig. 1. BPR. data from 6 March 1988 Gulf of Alaska showing waves from Ms=7.6 earthquale.

BPR...bottom pressure recorder

i Satellite

Tsunami Data Telemetry

Flotation ("\)

Toroidal Buoy

(]) x._kk“"—“""f J

Fig. 2. Prototype real-time tsunami reporting system.




NasSe predchozi
,,Skluzove inverze*

Synteticke testy problemu b=A a, reSen¢
ruznymi metodami a interpretace pomoci
SVD. Regularizace, bez niz neni uloha v
praxi resitelna, muze poskytnout feSeni
l1Sici se od skuteCnosti 1 kvalitativné.
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Toward understanding slip inversion uncertainty andartifacts I and I1
Zahradnik & Gallovi¢ (2010) and Gallovi¢ & Zahradni

J. Geophys. Res. (Solid Earth)




Nas prvni kontakt s japonskymi daty:
zemétreseni M7 Iwate-Miyagi, 2008.

Nejvétsi dosud namérené
seismickeé zrychleni 4g.
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Complexity of earthquake rupture propagation:
evidence from 2009 M6 L’Aquila (Italy)
and 2008 M7 Iwate-Miyagi (Japan) events.

Gallovi¢ and Zahradnik, in preparation.
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Along strike (km) a0 0.5 1 15
Slip {m)

Dvé metody, velmi podobné vysledky.

Numericka simulace
¢asového vyvoje trhliny.




Nas druhy kontakt
s japonskymi daty: M9 ...

&= Map of Strong Motion Stations for Japan, Tohoku Earthquake of 11 Mar 2011 - Windows Internet Explorer
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Vyhoda: Neni nutna znalost polohy hypocentra a rychlosti Sifeni trhliny.
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Srovnani s jinymi autory:




Nove metody skluzove inverze

Skupinove seismicke stanice

(,,antény*, angl. arrays). Poloha a intenzita
zdroje je 1dentifikovana pokud se maximalizuje
korelace vSech stanic. Moznost studovat
konecny zdroj bez predchozi znalosti

geometrie zlomove plochy.




Antény se budovaly kviili detekci jadernych explozi, dnes hlavné pro strukturalni vyzkumy.

US-array se postupné presunuje pies Spojené staty.

Umoznila také modelovat japonské zemétieseni.




Geodeticky pozicni system
(GPS).

Protoze obracena uloha o rozlozeni skluzu
na zlomu je zpravidla Spatn¢ podminéna,
potifebujeme vedlejSi podminky. Idealni je
prim¢ méfeni nevratnych posunuti na
zemském povrchu, vyvolanych
zemetresenim.
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KliCovou roli hraje
hustota GPS stanic.

Napf. z Recka jsme zvykli na

vzdalenostit mezi GPS stanicemi
fadoveé 102 km.
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GPS Slip Model
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Fig.2 Slip distribution
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Ojedinély pokus:

Invertovat GPS méreni
na zakrivenou

zlomovou plochu
(z lokalnich subdukénich modelii)

138" 138" 140" 1417 142" 143" 144" 145" 148

Takeo Ito, Kazuhiro Ozawa, Tsuyoshi Watanabe and Takeshi Sagiya of Nagoya University
have inverted for the slip distribution
on a curved plate interface using coseismic GPS
vectors from the Geospatial Information Authority of Japan.




Dlouhodoba geodeticka indikace
mist vyskytu budoucich silnych
zemetreseni.

Zem¢étieseni vznikne pri prasknuti kontaktu

zaklesnutych desek. Zaklesnuti (uzamceni)

se projevi dlouhodobou zménou deformace
povrchu.




Predmétem zajmu je
uzamceny usek deskového rozhrani.
Skluzovy deficit.

Pouziva se model volného skluzu
podél rovinného rozhrani elastickych blokii (b)

superponovany s modelem
lokalizované trhliny opa¢ného sméru,
tzv. zpétny skluz, back slip (c)

Pocita se staticka deformace elastické litosféry,
pripadné s relaxaci napéti ve viskozni astenosfére.

Obracena uloha: z deformace povrchu
zjistit rozlozeni skluzového deficitu.
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Interplate seismogenic zones along the
Kuril-Japan trench inferred from GPS

data inversion

Chihiro Hashimoto'* T, Akemi Noda’, Takeshi Sagiya® and Mitsuhiro Matsu'ura’

In the subduction zones around Japan, where four plates
interact with one another, large earthquakes have occurred
repeatedly’. These interplate earthquakes are part of the
process of tectonic stress accumulation and release that
is driven by relative plate motion®*. Stress accumulation
between earthquakes results from slip deficit (slip that is
insufficient to fully accommodate plate movement). For the
prediction of large earthquakes, it is therefore important to
monitor the distribution of slip deficit on plate interfaces.
Here we apply an inversion method based on Bayesian
modelling {using direct and indirect prior information on the
magnitude and distribution of fault slip®) to horizontal and
vertical velocities from global positioning system data. For the
seismically calm period between 1996 and 2000, we obtain
a precise distribution of slip-deficit rates on the interface
between the North American and Pacific plates around Japan,
which reveals a trench-parallel belt of slip deficit with six
peaks in the depth range of 10-40 km. These peaks agree
with the source regions of past large interplate earthquakes
along the Kuril-Japan trench. We conclude that the slip-deficit
zones identified with our method are potential source regions
of large earthquakes.

Geographical Survey Institute of Japan since 1996, The GPS
observations revealed the continuous crustal deformation of the
lapanese islands during interseismic periods’, mainly caused by
interplate coupling (slip deficit at plate interfaces). Hence, applying
inversion methods to GPS velocity data, many researchers tried
to estimate the precise interseismic slip-deficit rate distribution
on the MNorth American/Pacific plate interface around Japan®!%
What makes this effort such a difficult problem is that the targeted
slip-deficit regions are outside the GPS array on land.

In Bayesian statistical inference based on the entropy
maximization principle!"?, incorporation of prior information
into observed data permits well-conditioned flexible formulation
of ill-conditioned inverse problems. For geodetic data inversion,
two types of Bayesian formulae have been widely used: the
Tackson—Matsu’ura formula'? incorporating direct prior informa-
tion about the magnitude of fault slip and the Yabuki-Matsu'ura
formula® incorporating an indirect prior constraint on the
roughness of fault-slip distribution. The rational unification of
these two formulae” enabled us to incorporate the postulate of plate




Relativni pohyby

(vuci bodu,
vyznaCenému ¢tvereckem
v levé dolni ¢asti obrazku).

Jinymi slovy, jedna se o uvolnéni

nahromadéné vnitini deformace
uvniti Japomska.
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Figure 3 | Inverted slip-deficit rate distribution. The blue and red
contours show, respectively, the inverted slip-deficit and slip-exmss rates
at intervals of 3cmyr—'. The grey dots indicate the central points of

v bi-cubic B-splines distributed on the North American/ Pacific plate
Casteéné uzamcené rozrani, interface. The arrows indicate the relative plate motion caloulated from

které pak prasklo a vyvolalo M9. NUVEL-1A (ref. 13).

Dlouhodoba predpovéd’ mista zemétieseni.
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145°

Interseismic coupling distribution based on GEONET GPS data from 1996-2000
(Loveless and Meade, JGR, 2010) .

Overlain on the coupling contours is the finite fault slip distribution

(250 cm slip contours) from Gavin Hayes.




Coulombovo napéti - indikace
mist vyskytu budoucich
zemétreseni v dusledku

zemetreseni predchozich.

Moznost kratkodobe predpovedi

mist vyskytu dotresu.







Coulomb siress imparted by the 11 March 2011 Off-Tohoku Earthquake
to Morthern Honshu by regional faulting style
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Dalsi implikace:
mozné vyvolani
vulkanické aktivity.
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Nebylo samo M9 spusSténo

nahlou napétovou zmeénou?




Vime, Ze se studovana oblast vyznacovala
zaklesnutim blokiu (dlouhodoba indikace
silného jevu).

Mohlo bvt zemétreseni M9 dne 11.3.
spusténo predtresem M 7.2 dne 9. 3.
a tremi nasledujicimi M>6 (40 km od
hypocentra) ?

J. McCloskey et al.
Nature ??

Magnitude

Earthquake sequence off coast ¢
since 09/

MI0on 110311 at 05:46 L




Shrnuti

Zazivame skokovy vyvoj seismologie v diisledku technologického
vyvoje. Rostou moznosti i vyznam modelovani. Revoluce v teorii se
nekona.

Zacina fungovat rutinni studium z. v realném case, varovné
systémy.

ZacCinaji fungovat automatické odhady Skod, smérovani
zachrannych akci.

Rozhodujici pokrok v dlouhodobé predpovédi nastal po zapojeni
GPS do analyzy deformace povrchu. Identifikace uzamcenych
zlomui.

Napétova interakce z. je slibna pro kratkodoba predpovéd’
moznych spusSténych jevii (dotresy, vulkanické erupce).

Pochopeni komplikované kinematiky trhlin mirné stagnuje.
Nejvétsi problém je dynamika trhlin.













Zvodnéni v realném case




