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Pro¢ tato prednaska ?

e porozumeét zaplave seismologickych
Informaci na Internetu
 pochopit taje a kouzla seismologie a jeji
vazby na jiné fyz. a matem. obory
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Messina (Italie), 28. 12. 1908
zemeétreseni M7 a tsunami, 70 tis. obéti

archiv J. Kozaka




Magnitudo
M = log E.

Es ... energie seismickych vin

Drive se M odhadovalo z amplitud seis. vin
pomoci empirickych poznatkt o jejich zavislosti
na epic. vzdalenosti.

Richterovo mag., pozdeji Ms a mnoho dalsich.
Problemy.
Zde pouzivame MOMENTOVE MAGNITUDO.



Magnitudo

M =logE. ~logM,
Moz[u]z

Es ... energie seismickych vin, Mo ... seismicky moment
% ... plocha zlomu, [u] ... nespojitost posunuti na X



Pouzivame momentove
magnitudo M ¢I Mw
(¢ili ani Richterovu stupnici ani
magnitudo z povrchovych vin Ms)

Stupnice Ms Spatné rozlisuje velka z.
(,nasyceni skaly").
Napr. Kalifornie 1906 | Chile 1960: Ms8.3
trebaze jejich Mw jsou ruzna (8.0 a 9.5).




Sumatra (M9) uvolnila 1000x vice
energie nez Messina (M7)

Largest Earthquakes in the World(Since 1900

@ Largest Earthquakes in the World Since 1900

Location Date UTC Magnitude  Coordinates
1. Chile 1960 05 22 9.5 38.24 8 T73.05W
2. Prince William Sound, Alaska 1964 03 28 9.2 61.02N 147.65 W
3. Andreanof Islands, Alaska 1957 03 09 9.1 51.56 N 17539 W
4. Kamchatka g in 0 (] 52.76 N 160.06 E
el T the West Coast of Northern Sumatra 2004 12 26 9.0 330N 9528
. Off the Coast of Ecuador 1906 01 31 8.8 1.ON 813 W
. Rat Islands, Alaska 1965 02 04 8.7 51.21 N 178.50E
. Assam - Tibet 1950 08 15 8.6 285N 9635 E
. Kamchatka 1923 02 03 8.5 540N 161.0E
10. Banda Sea, Indonesia 1938 0201 8.5 5058 131.62E
11. Kuril Islands 1963 10 13 8.5 449N 1496 E
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Jednalo se o jev ojedin¢le
velikosti

Cumulative moment release 2004-12-26, My,=5.0,
since 1976 Sumatra earthquake

* Great earthguakes

M<B.5

' 1¢80 1985 19890 1995 2000 2005

Garan Exstram, Harvard




M9 zhruba jednou za 10 let

I}Htl‘iptur Mau;nitmle Average Annually
’W -7

E (estunated)
(estitnated)

1,300,000

(estirnated)

Very Minor

! Based on observations since 1900.
2 Bazed on onservations since 1990.

Gutenberg-Richter: log N =a - b M, velmi hrubé 8 - M




Fraktalni chovani zlomu
e logN=a -@I\/I

N
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ale take sopecne vybuchy a nasledneé tsunami
1500 pred n.l. (?) Santorini
1883 Krakatau 36 000 obéti

?? 1872 (?) Bengal. zaliv 200 000 obéti




Bylo nekdy vice obéti zemétreseni ?

Earthquakes with 30,000 or More Deaths

Listed in order of greatest number of deaths

Date Location Deaths Magnitude Comments
January 23, 1556 China, Shansi 830,000 ~8

July 27, 1976 China, Tangshan 255,000 7.5 Estimated death toll
(official) as 655,000.

August 9, 1138 Syria, Aleppo 230,000
May 22, 1927 China, near Xining 200,000 : Large fractures.

December 22, Iran, Damghan 200,000
856+

December 16, China, Gansu 200,000 . Major fractures,
1920 landslides.

March 23, 893+ Iran, Ardabil 150,000

September 1, Japan, Kwanto 143,000 : Great Tokyo fire.
1923

October 5, 1948 USSR 110,000
(Turkmenistan,
Ashgabat)

December 28, Ttaly, Messina 70,000 to
1908 100,000
(estimated)




(pokracovant)

November 1, Portugal, Lisbon 70,000 Great tsunami.
1755

December 23, China, Gansu 70,000

1932

May 31, 1970 Peru 66,000 $530,000 damage, great
rock slide, floods.

1268 Asia Minor, Silicia 60,000
January 11, 1693 Ttaly, Sicily 60,000

May 30, 19353 Pakistan, Quetta 30,000 to 60,000 7.5 Quetta almost completely
destroyed.

February 4, 1783 Italy, Calabria 50,000
June 20, 1990 Iran 50,000 Landslides.

Z. Kukal: 1872 Bengal. zaliv 200 000 ob¢ti
neni potvrzeno ze Slo o tsunami




Obéti nekterych sopek:

Between 1972 and 1991 alone, 29 volcanic eruptions
mostly on Java.

In 1815 a volcano at Gunung Tambora claimed 92,000 lives
and created "the year without a summer" Iin various parts
of the world.

In 1883 Krakatau in the Sunda Strait, between Java and
Sumatra, erupted and some 36,000 West Javans died from
tsunami. The sound of the explosion was reported as far
away as Turkey and Japan.




Céast 2

Zemeétieseni a litosférické desky




Aktivita mapuje litosferické desky
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Rychlost
M9.0 Sumatra - Andaman Islands Earthquake of
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Numerické modelovani subdukce
a Jejiho vztahu ke konvekcl
v zemském plasti
Geodynamicka skupina katedry

geofyziky Vas zve na samostatnou
prednasku !



1990-2004
hloubka z.
smerem
pod
Sumatru

roste

o L
)

. l:) |:} "'.- "l"‘l 3
iy ,5 ool0 i -

OFF THE WEST COAST OF NORTHERN SUMATRA

200412 26 005853 UTC 3. 30N 95 27E Depth: 30 km, Magnitude: 9.0
Seismicity 1950 to Present

Major Tectonic Boundarnes: Subduction Zones -purple, Hidges -red and Transform Fauls green
15GS National Eathguakse Infommation Canler



20. 12. 2004 v 00:59 svet. ¢asu,
x t.]. 06:59
mistniho

casu

1ala Lumpug

lokace svetovou

sitl stanic béhem
cca 15 minut

(doba behu seis. vin)




|_okace

Uloha nalezeni polohy ohniska a ¢asu
vzniku z. z ¢asua prichodu jednotlivych
druht prostorovych P a S vin.

NeresSi se primo zadna pohyb. rovnice.

Jde o0 minimalizaci rozdilu mezi
pozorovanymi a teor. ¢asy Sireni, ¢asy jSou
dany explicitnim funkcnim predpisem (pro
dany model prostiedi numericky).
Nelinearni uloha.



a 12 dni dotiesu ...
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28 Dec
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Main shock

Aftershocks
Mag <6
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ukazuje rozsah zlomoveé plochy
hlavniho otresu
(a nejveétsiho dotresu M7 po cca 3 hodinach)




Strike slip

Reverse

ﬁ"‘

WP
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0 geometrii zlomové
plochy vypovidaji
| seismicke viny

., mechanizmus ohniska*



Strike slip

Mw 9.0 Earthquake on 12/26/2004 Off West Coast of Northern Sumatra

B reverse

USGS, 1996

0 geometrii zlomové
plochy vypovidaji WL & a0 S
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., mechanizmus ohniska*
_momentovy tenzor*
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Problémy plynouci z anomalni
velikosti tohoto z.

* Prvni rutinni odhady podcenily velikost
(M ~8)

| kdyz bylo magnitudo opraveno (M=9),
nebylo kratce po z. jasné, jak velka je
zlomova plocha a trhliny na ni
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tsu nami
pristav vina




Subdukce,
zaklesnutl,
zemeétieseni
a tsunami

na mori napr.
vinova delka 200 km

rychlost 800 km/hod
perioda 15 min




Tsunami - hydrodynamicky popis

e Zachovani hmoty a hybnosti

* Nestlacitelna idealni kapalina

* Rov. kontinuity a hydrodyn. Eulerova rov.
e Eulerav popis, totalni derivace (advekce)
 Sily: gravitacni a Coriolisova, tieni na dné
* Nelinearni rovnice pro tzv. gravitacni viny

Hydrodynamics (Sir H. Lamb, 1873)



e Dlouhovinna aproximace A>>d, d je hloubka
e Pokud navic aprox. malych amplitud a<<d,
jde o linearni problém, vin. rovnice, c= (g d)/?

* Pro linearni viny kone¢né amplitudy
dostavame c= (g [d+a])Y?, tvori se strmé celo
viny. Obecne je ¢ fukci periody, disperse.

e Obecne nelin. rovnice numericky (MKD),
tuhé dno se pohne podle modelu seis. zdroje.

=\ /

Vstup vin na pevninu je mnohem slozitgjsi.



Jednoduchy model posunuti dna
(= vstup pro model tsunamti)

Sumatra 2004 - Initial dislocation

modie =
trvaly pokles




Jeden z mnoha
vypocetnich
modelt
tsunami

2004 Sumatra Earthquake 010 min

povsSimnéme si
¢asového Udaje
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Jiné modely davaji jiné vysledky
= el % 77 2

zpomaleni
v mélkém mori




Maximum water elevation

meters

10.00
2.00
1.75
1.50
1.25
1.00
0.75
0.50
0.25
0.00

A_Piatanesi - INGVY




Pacific Center (V. Titov)

T [SCCONDS) ¢ =120 ko 240040 (maximum} DATA SET: topo1€_kc
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Wave Amplitude (CENTIMETERS)




HAWAII:
Local, Regional,
& Distant Tsunamis

¥ 1 g {

| PACIFIC BASIN:
< | Regional & Distant
T'sunamis

PTWC AREA OF RESPONSIBILITY




Nestacilo by rozsitit hranice
odpovédnosti ?




TO - TSUNAMI WARNING SYSTEM PARTICIPANTS IN

ALASKA/BRITISH COLUMBIA/WASHINGTON/OREGON/CALIFORNIA
FROM - WEST COAST AND ALASKA T3UNAMI WARNING CENTER/NOAA/NWS
SUBJECT - TSUNAMI INFORMATION BULLETIN
BULLETIN NUMBER 1
ISSUED 12/26/2004 AT 9114 UTC

... THIS TSUNAMI INFORMATION BULLETIN IS FOR ALASKA - BRITISH
COLUMBIA - WASHINGTON - OREGON AND CALIFORNIA ONLY...

NO - REPEAT NO - WATCH OR WARNING IS IN EFFECT.

EARTHAQUAKE DATA
PRELIMINARY MAGNITUDE - 8.0
LOCATION - 3.4 95.7E - OFF W COAST OF NORTHERN SUMATERA
TIME - 1559 AST 12/25/2004
1659 P3T 12/25/2004

0059 UTC 12/26/2004

EUALUATION

BASED ON LOCATION AND MAGNITUDE THE EARTHQUAKE WAS NOT
SUFFICIENT TO GENERATE A TSUNAMI DAMAGING TO CALIFORNIA -

OREGON - WASHINGTON - BRITISH COLUMBIA OR ALASKA. SOME AREAS HMAY
EXPERIENCE SMALL SEA LEUEL CHANGES. IN AREAS OF INTENSE

SHAKING LOCALLY GENERATED TSUNAMIS CAN BE TRIGGERED BY SLUMPING.

THE PACIFIC TSUNAMI WARNING CENTER WILL ISSUE TSUNAMI BULLETINS
FOR HAWAII AND OTHER AREAS OF THE PACIFIC.

THIS WILL BE THE ONLY BULLETIN ISSUED FOR THIS EUENT BY THE
WEST COAST AND ALASKA TSUNAMI WARNING CENTER UNLESS CONDITIONS
WARRANT. REFER TO THE INTERNET SITE HTTP://WCATWC.ARH.NOAA.GOU
FOR MORE INFORMATION.




BULLETIN NUMBER 2
ISSUED 12/26/2004 AT 0209 UTC

... THIS TSUNAMI INFORMATION BULLETIN IS FOR ALASKA - BRITISH
COLUMBIA - WASHINGTON - OREGON AND CALIFORNIA OHNLY...

NO - REPEAT NO - WATCH OR WARNING IS IN EFFECT.

Revised magnitude based analysis of mantle waves.
This earthquake is located outside of the Pacific. No destructive tsunami threat
exists for the Pacific basin based on historical earthquake and tsunami data.

EARTHQUAKE DATA
PRELIMINARY MAGNITUDE - 8.5
LOCATION - 3.4 95.7E - OFF W COAST OF NORTHERN SUMATERA
TIME - 1559 AST 12/25/2004
1659 PST 12/25/2004
0059 UTC 12/26/2004

EVALUATION

BASED ON LOCATION AND MAGNITUDE THE EARTHQUAKE WAS NOT
SUFFICIENT TO GENERATE A TSUNAMI DAMAGING TO CALIFORNIA -

OREGON - WASHINGTON - BRITISH COLUMBIA OR ALASKA. SOME AREAS MAY
EXPERIENCE SHMALL SEA LEUEL CHANGES. IN AREAS OF INTENSE

SHAKING LOCALLY GENERATED TSUNAMIS CAN BE TRIGGERED BY SLUMPING.

THE PACIFIC TSUNAMI WARNING CENTER WILL ISSUE TSUNAMI BULLETINS
FOR HAWAII AND OTHER AREAS OF THE PACIFIC.

THIS WILL BE THE ONLY BULLETIN ISSUED FOR THIS EUENT BY THE
WEST COAST AND ALASKA TSUNAMI WARNING CENTER UNLESS CONDITIONS
WARRANT . REFER TO THE INTERNET SITE HTTP://WCATWC.ARH.NOAA.GOU
FOR MORE INFORMATION.




BULLETIN NUMBER 3
ISSUED 12/27/2004 AT 1534 UTC

... THIS TSUNAMI INFORMATION BULLETIN IS FOR ALASKA - BRITISH
COLUMBIA - WASHINGTON - OREGON AND CALIFORNIA ONLY. ..

MO - REPEAT NO - WATCH OR WARNING IS IN EFFECT.

EARTHQUAKE DATA
PRELIMINARY MAGNITUDE - 9.0
LOCATION - 3.4 95.7E - OFF W COAST OF NORTHERM SUMATERA
TIME - 1559 AST 12/25/2004
1659 P3ST 12/25/2004
0059 UTC 12/26/2004

EUALUATION

SOME ENERGY FROM YESTERDAYS TSUNAMI IN THE INDIAN OCEAN HAS
LEAKED INTO THE PACIFIC BASIN... PROBABLY FROM 30UTH OF THE
AUSTRALIAN CONTINENT. THIS ENERGY HAS PRODUCED MINOR 3EA
LEVEL FLUCTUATIONS AT MANY PLACES IN THE PACIFIC. FOR
EXAMPLE. ..

50 CH CREST-TO-TROUGH AT CALLAO CHILE

19 CH CREST-TO-TROUGH AT IQUIQUE CHILE

13 CH CREST-TO-TROUGH AT PAGO PAGO AMERICAN SAMOA

11 CH CREST-TO-TROUGH AT SUUA FIJI

20 CH CREST-TO-TROUGH AT WAITANGI CHATHAM IS. NEW ZEALAND
65 CH CREST-TO-TROUGH AT JACKSON BAY NEW ZEALAND

18 CH CREST-TO-TROUGH AT PORT UILA UANUATU

06 CH CREST-TO-TROUGH AT HILO HAWAII USA

22 CH CREST-TO-TROUGH AT SAN DIEGO CALIFORNIA USA




HOWEUER. .. AT MANZANILLO MEXICO SEA LEUEL FLUCTUATIONS WERE
AS MUCH AS 2.6 METERS CREST-TO-TROUGH... PROBABLY DUE TO
FOCUSING OF ENERGY BY THE EAST PACIFIC RISE AS WELL AS LOCAL
RESONANCES.

THIS IS TO ADUISE THAT SHALL SEA LEUVEL CHANGES COULD CONTINUE
TO BE OBSERUED ACRO3S THE PACIFIC FOR THE NEXT DAY OR TWO
UNTIL ALL ENERGY FROM THIS EUENT I3 EUENTUALLY DISSIPATED.

HE PACIFIC TSUNAMI WARNING CENTER WILL ISSUE TSUNAMI BULLETINS
OR HAWAII AND OTHER AREAS OF THE PACIFIC.

HIS WILL BE THE ONLY BULLETIN ISSUED FOR THIS EUENT BY THE
EST COAST AND ALASKA TSUNAMI WARNING CENTER UNLESS CONDITIONS
ARRANT. REFER TO THE INTERNET SITE HTTP://WCATWC.ARH.NOAA.GOU
OR MORE INFORMATION.




Mohly by byt existujici seismické
stanice zakladem lepsiho
varovneho systemu ?

¥ JipaLK

2/ 26/2004 01:01

FCOHP JYIRIS/USGS,IRIS/IDA,IRIS/CDSN,GEOSCOPE




Céast 4

Podrobnéjsi modely zlomoveho
procesu




u ... elast. posunuti (seis. vina)

2. ... zZlomova plocha

[u] ... nespojitost posunuti (trhlina) na X
[ ... Greenuv tenzor

Ciiii [Uk (X, ’t)]‘/l = M,

P 1P, ¢

U, = (| m,dL)*G, , =M, *G
2

Tzv. obracena uloha
,,0d vIn zpét ke zlomu*



Yagi@IISEE, BRI




Od seismogramu Kk rozlozeni
trhlin na zlomoveé ploée
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S—— T, 4w Yagi
T AEHT modeluje
jen jizni
¢ast zlomu
(M8.4)

the second stage (?) b _

cervene =
mozna tzv. ,pomalé z.“
velky ale pomaly skluz

B TS (bez vyvolani seis. vin)
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Prerusovany proces, vicenasobne z.

OFF COAST OF NORTHERN SUMATRA
Moment = 04461 E4+22(Nm), Mw =584
(Strike,Dip,Ship) = (329.0, 15.0, 110.0)
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a Jiny model (CALTECH) ...

nejvetsi skluz
(asperita)
pobliz mista
kde zlom méni
azimut




Tento model dava max. skluz 20m

(barva)
Strike= 320 derees

250 500 750 ‘IOOO 1250 1500 1750 2000

a rychlost Sireni trhliny ~ 2 km/sec
(1zocary)

umeleé zhlazeni (num. stabilizace)




Vysledné vert. a horiz. trvale
posunuti povrchu (resp. dna)




... a jeste dalsi model ...

W. COAST OF N. SUMATRA 04/12/26
0. 1TBE+23 Nam

32, 0km v




The rupture area of
the second stage (?)

rovnani:

26° 98"
Yagi@I!ISEE, BRI




Modely zlomu doznaji dalsi
Zzmeny. Jsou naprosto zasadni pro
pochopeni a pro simulace
podobnych budoucich jeva.

Jeden typ snadno dostupnych Udaja

bude hrat velkou
ktery mizeme
trvale zato

roli: pokles pevniny
mapovat ze snimka

neneho uzemi !




Zajimavost 1

zaznam na seismické stanicit MFF
v Praze na Karloveé
(stanice PRA)
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LQ rychlost 1 mm/s, perioda 60 sec... posunuti ~1 cm !!
deformace mozna az 10-/, mozny vliv na spodni vody ?
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Sumatra - Andaman Islands Earthquake (M,,=9.0),
Global Displacemant Wavefield from the Global Seismographic Network

Eﬂﬁﬁm

oL -"""'.. Sl rgr——— i,
A S e

By
[
=
W
[
|
L-.
=]

M=r.1

150 200

Time {minutes)




Pro¢ nas zajima zaznam v Praze ?

Vyjimecne silny ,,signal® !
Spolu s dalSimi zaznamy muze
prispét 1 k modelovani kary a plaste
v Evropg.




Zajimavost 2

Nase Ucast v mezinarodnim projektu
0 podobnych problémech
ve Stiredomori




SHAZ-CORINTH

e EC projekt 2004-2006 (koord. P. Bernard)
e zemétieseni, sesuvy a tsunami




Céast 5

Je mozno predpovedeét misto
a velikost budouciho z. ?




Dlouhodoba
priprava z. ?

Historicka z.
M8 a veétsi
(M9 r. 1833)

soucasné katalogy
(po r. 1970) kladou
do mezery jen 1 z. M7

b

URWEPUY 5554
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Kratkodoba priprava zemétieseni

O LEL

aneb ,,Ze zivot zlomu
o Zemeétiesenli, odstranéni zaklesnuti, vznik
trhlin, ,,abraze®.

* Pokracuje tektonicky pohyb desek,
zaklesnuti se opét zvetsuje, ,,adheze®.

e Pfitom se meéni parametry zlomu (roste
w,drsnost“ a ,,korelacni délka*, prostorove
spektrum nehomogenit se obohacuje
o kratkovinné slozky. Zména fraktalni
dimenze.



N~RP
log N ~-D log R ~-D/3 log Mo ~ -D/2 M

Mo ~ R3 (nebot’ Mo ~ [u]X ~ [u]R?a [u]~R)
M ~ 2/3 log Mo
logN=a-b M



e S rostoucim zaklesnutim hodnota D klesa
(volny skluz: D 1.5-1.7, zaklesnuti D = 1).

e Protoze log N=a - b M, napi. b=D/2,
moznost detekce stavu zlomu (D) pomaoci b.
e b=b(x,y,z,1) .... mapovani ,,asperit”“ jako
ucinny nastroj neprimeho studia zlomu




o Casova zména b byva provazena narastem
poctu predtiest (ASR) a jinymi efekty
(LURR).

o Tyto makroskopické vlastnosti Ize teor.
zdavodnit numerickymi simulacemi v ramci
casticovych modela zlomového systému.
Tak se vyjasnuje model reologie zlomu
(stale otevieny problem!).



o Zrezimu D=D(t), s vySe zminénymi
moznosti predikce, se maze zlom prepnout
do rezimu D=const.

e D=const je klasicky G-R zakon a linearni
Benioffav zakon, bez moznosti predikce.

e Cili: na stejném zlomu muze byt letos
kratkodoba predikce Uspésna a za 10 let
zcela selhat...



V rezimu D=D(t),
s priblizovanim ke ,,katastrofe®,
roste nestabilita. Slaby vnéjsi
napetovy efekt maze ,,spustit z.“




Odhad mist zvysene
pravdépodobnosti z. ovlivhénych
predchozim zemétiesenim

Jak otres A “spousti” otres B, jak to
vypocitat a vyuzit pro varovani




Afghanistan, 2002
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Egejské more, ostrov Skyros
26. 7. 2001
mag. 6.5

Dotiesy
Vv oblastech
detekovanych
Jako
nachylne
ke smykovému
poruseni

V. Karakostas




+ epicenter =
the co-ordinate Origin

Step 1:

Strong-motion scenario
IS pre-computed

for a given Mw, and

a glven nucleation point




Step 2.

The pre-computed
ground motion

IS assigned to a
selected faults

Coulomb red sectors and geol. faults

e

the new epicenter

‘Ja target city




Céast 6

| kdyz neni predpoveéd’ mista a ¢asu z.

dobra, mizeme numericky simulovat

ucinky zemétieseni a tak prispivat k
antiseismickému stavitelstvi.




Peru, 1970
Huascaran
sesuv, lavina

in Figure 1 taken after Huascaran
debris







Simulace vysvétluje mista
nicivych ucinki

Athens strong-motion simulation ; . r o =
PEXT method, 1 realization Athens 1999, PEXT simulation
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Atény - test modelu

synteticke a realné zaznamy
station ATHA station FIX
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F. Gallovi¢

10 % B km fault 15 % 12 km fault

Athens slip models

with asperity

Slip co

382 Laee

38.0 1 — 38.0




1.5
1

Athens - validation:
(F. Gallovi¢ o
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Predpoveéd’siinych pohybu
v realném case” (J. Burjanek)

PGA map for faults > -

First shock
Mw=6.2
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Uloha simulace pohybi pady je
poneékud snazsSi nez predikce z.

ale neznalost detailti zZlomu vyzaduje
kombinovat deterministické

a stochastické pristupy, ,,seis. scénare*




Zaver

* Nutnost prohloubeni teor. modeli zlomu

(reologie, Sireni trhlin)
* Nadg¢je pro predikci z. 1 pro simulaci silnych
pohybu pii1 budoucich z.
* Problem neni resSitelny bez Uzké vazby na
modelovani dynamiky Zem¢, napr. pohyby
a deformace litosferickych desek.

e Souvisejici discipliny: druzicova mérent...

http://geo.mff.cuni.cz




