Tsunamis:
Sumatra Ereignis Dezember 2004

Folien von Prof. Bunge, LMU
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Crustal Plate Boundaries

www.geophysik.uni-muenchen.de Slide 2



Astronomische
Geodasie mittels
Prazisionsmessungen
Globales Positions
System (GPS)
(TU-Miunchen)

ermaoglicht heute

Echtzeitmessungen
tektonischer

Plattenbewegung

0 40 80’ 1207 160° 200° 240° 280 320

www.geophysik.uni-muenchen.de Slide 3



40

25"
20°
0 40° 80’ 120° 160" 200° 150

10°

! ;‘
CIM Vi

1"

18"
Velocities wer.t EUR:

GEODYSSEA 34-96

_op°® | O GEDDYSSEA Sites

50 mmiyr tﬁ--mm.f‘yr
T T

100" 105" 110°

T -l T T
° 120" 125° 130" 135" 140" 145°

25

A oo

15°

10°

Heflin et al., 2004.2

0 40 80’ 1207 160° 200° 240°

~6 cm/ Jahr
Plattenbewegung
um Sumatra

6 Meter / Jahrhundert

www.geophysik.uni-muenchen.de

Slide 4




Jung = Rot
Alt = Blau
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Nascente Plattengrenze
zwischen Indien und
Australien
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Y LI\% Describing Ocean Waves

 Wind Waves: T~ 10-20s A~10-600m
« Deep Water Velocity: v=AT (v~1-30m/s)

 The speed of deep water waves depends on wavelength, deep
water waves are dispersive.

« Shallow Water Velocity:

v=\/g/1tanh(27/z1Djz . 49D
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Ausbreitungsgeschwindigkeit der Tsunamiwellen

V=(g*h)*
V = (10 m/sec? * 4000 m) *

V = (40.000 m? / sec?) *

V =200 m/sec ~ 700 km/h

g = Erdbeschleunigung, h = Tiefe des Ozeanbodens
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Facility for the Analysis and Comparison of Tsunami Simulations (FACTS)
Arrival Time of First Wave(hours) — 2004.12.26 Indonesian Tsunami
T (SECONDS) : —30 to 36030
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Maximum water elevation
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2004 Sumatra Earthquake 010 min

Indian Ocean Sumatra
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LMU BANDA ACEH, INDONESIA: June 23, 2004
A satellite image of the waterfront area of Aceh province's capital city before the
tsunami.




2 I_MU BANDA ACEH, INDONESIA: December 28, 2004
An image taken after the tsunami shows destroyed housing and the shoreline nearly
wiped out.
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Sounding the alarm

Unlike in the Indian Ocean, the Pacific Ocean has a system to
warn about tsunamis. Across the Pacific, there are hundreds of
tide and seismic stations and ocean sensors that provide data
about earthquakes and the potential for tsunamis.

Tsunami warning system in the Pacific Ocean
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Sumatra Tsunami 2004
il Fsunaimi 2004
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Propagation, Response and Warning Times
for the M9.0 Sumatra EQ

Northern Sumatra
People are sensing severe

shaking

NEIC

No information regarding
earthquake

PTWC

No information regarding
earthquake and/or tsunami
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| MU Propagation, Response and

Warning Times for the M9.0 Sumatra

90
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Northern Sumatra
Significant structural damage
in Banda Aceh

Tsunami inundation along the
Sumatran coast

EQ is widely felt throughout
the region

NEIC

Short period alarm on eight
stations in the region

PTWC

Short period alarm on western
Pacific stations
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10 minutes after OT
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90

ypagation, Response and Warning Times
for the M9.0 Sumatra EQ

Northern Sumatra
Tsunami inundation spreads
further along the Sumatran
coast

NEIC

Short period alarm on sixteen
stations In the region

Mb6.2, Mwp8.2 earthquake
located off the north coast of
Sumatra

Pager notification to duty
seismologists and others at
NEIC

PTWC

Mwp8.2 earthquake located
off the north coast of Sumatra

No tsunami advisor for the
Pacific Ocean
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Propagation, Response and Warning Times
for the M9.0 Sumatra EQ

Northern Sumatra
Tsunami inundation spreads
further along the Sumatran
coast and reaches the
Nicobar Islands

|1

NEIC

First automatic location released
at NEIC

Pager notification to about 10
people in the USGS

PTWC

Confers with NEIC on the
location and magnitude of the
Earthquake

Release Tsunami Information Bulletin
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for the M9.0 Sumatra EQ

90

pagation, Response and Warning Times

Northern Sumatra
Tsunami is passing thru the
Nicobar Islands

NEIC

Automatic Ms magnitude is
calculated (Ms8.5)

Pager notification to about 30
people in the USGS

Aftershocks suggest Ms8.5 is
too low

PTWC

Confers with NEIC on the
location and magnitude of the
earthquake

Notifies US Military on Diego
Garcia on the possibility of
an approaching tsunami
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for the M9.0 Sumatra EQ

90

pagation, Response and Warning Times

Northern Sumatra
Tsunami reaches the Andaman
Islands, approaches the Thai
coast

NEIC

Releases reviewed
earthquake location and
magnitude (Ms8.5)

Pager notifications are sent
to 25,000 people

Call down list is activated
Wire service reports

of collapsed buildings in
Banda Aceh

PTWC
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In case of strong earthquake INMEDIATELY go o high
ground ( 35 metres ) or move inland 1% kilometers.

Do not return for ot least one hour.

Avoid inlets and rivers.
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Beobachtete Pegelstande in Hillarys (Australien) 26.-27. 12. 2004

SEAFRAME LOCATION: HILLARYS, AUSTRALIA
Sea Level [A] - Period : 26/12/04 00:00:00 - 26/12104 23:50:59 [UTC]
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Beobachtete Pegelstande in Esperance (Australien) 26.-27. 12. 2004

SEAFRAME LOCATION: ESPERANCE, AUSTRALIA SEAFRAME LOCATION: ESPERANCE, AUSTRALIA
593 Level [A] - Period : 26/12/04 00:00:00 625” ;E_fjosq 23:59:59 [UTC] 593 Level [A] - Period : 27/12/04 00:00:00 - 2711204 23:59:50 [UTC]
A T e e T e e Yy A | —_—mm—m-- -eeee----—_---—_-—-— ==
9 N
8 8
7 i
E o - E ¢ 3
< 5 : i X
= d_ L = d— =
E 1- B % 37 =
: 2+ B 8 2- L
(ﬂ 14 L fﬂ 14 L
0- 0
B T e A X 2 O 5 5 S M—M—
e i o i s i :
E E
2 00- g 00- B
D b §
g5 § .05 ;
3 19 e §
.1?)0(:0 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00 00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00
Time[UTC][Hours] Time[UTC][Hours]

www.geophysik.uni-muenchen.de Slide 32



Satellitengestutzte
Echtzeitmessung
der Meereshothe

Im Indischen Ozean:

Beobachtung der
durchlaufenden
Tsunamiwelle

(Prof. Rummel,
TU Milnchen)
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LMU Historische Tsunamis der Region

(b

Sumatra Erdbeben 1833
Geschatzte Magnitude ~ 8-9

Australien hervorragend
positioniert zum Aufbau
eines regionalen Warnsystems
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