2007 SCSTW HH I@E'?’éiﬁipﬁﬁj‘ﬁ An overview of current Tsunami activities in Taiwan, by Prof. Tso-Ren Wu

An Overview of Current
Tsunami Activities in Taiwan

Prof. Tso-Ren Wu

Graduate Institute of Hydrological and Oceanic Sciences,
National Central University, TAIWAN

e
I ] 1A S S R SRR
tsoren@ncu.edu.tw
2007/12/05

Graduate Institute of Hydrological and Oceanic Sciences [| I A28 ~sJ Ta = B 590 A Shre= T Slide No:1



2007 SCSTW E‘JH IEapa] T ’FPIF%‘%&‘ An overview of current Tsunami activities in Taiwan, by Prof. Tso-Ren Wu

Outline

e The geographical and geological features of Taiwan

— IR

. Hlstorlcal Tsunamis
- ?ﬁﬂwﬂpﬁir

 The budget of tsunami research activities in Taiwan
- uﬁiﬂlﬁ'ﬂﬁ‘w HEE ST Y

. The tsunaml early warnlng system in Taiwan
£V R i
. Current development of Tsunami research in National Central
University

— Pl 5 B
 Numerical simulations on 1226 Ping-tung dual earthguakes

— BTV AT o |5 SR ]
* Numerical simulation on the SCS tsunamis

— IR PR
« 3D simulations on the breaking waves

— TR

Graduate Institute of Hydrological and Oceanic Sciences [| I} A28~ Tya = B 5902 A Shre= T Slide No:2



2007 SCSTW FF'JH l@&'i@iﬁﬂpﬁﬁj‘ﬁ An overview of current Tsunami activities in Taiwan, by Prof. Tso-Ren Wu

I BT o
The geographical and geological features of Taiwan
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«  Shallow water on the west coast. Cliff slope on the east coast.
Mild on the south-west coast.
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Most of the tsunamis are near-source tsunamis
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» Earthquake: Manila Trench and
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coast.
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Steep slope on the west coast:

Reflect back tsunami energy
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Figure 2. Historical "tsunami" events in Taiwan.
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1661 (Jan. 8 or 9). Island of Formosa (Taiwan)?
"The sea was violently agitated" (Mallet, 1852).

1782 (May 22). Taiwan Strait??

This event is highly questionable, as no known historical
120E 121E 122E 123E record of this big casualty dimension can be found in official
5 Taiwan documents. Before the Sumatra earthquake/tsunami,
this event (may be erroneously listed to have caused 50,000
death) was listed as the most deadly tsunami of the world
(Bryant, 2001, p. 21, Table 1.5; and two major online websites).

Bryant (2001) credited the NOAA National Geophysical Data
Center as the source, which in turn cited lida et al. (1967) and
Soloviev and Go (1974), both credited Mallet (1853) and Perrey
(1862) as their sources. We have so far not able to locate any
supporting Chinese source.

"On the 22nd [May, 1782] the sea rose with great violence on
the coast of Formosa and the adjacent part of China, and
remained eight hours above its ordinary level; having swept
away all the villages along the coast, and drowned immense
numbers of people. No shock is mentioned" (Mallet, 1853).

1866 (December 16). Kaohsuing (SW Taiwan)

"Ground shook for about 1 minute, river water fell 3 feet and
suddenly rose"” (KBTEQ), 2005).

1867 (December 18). Kelung (Northern Taiwan)
"At Kelung the whole harbour was left dry for a few moments;
and the water returning in one vast wave, rushed into the town
itself. Large landslips have taken place, and several villages

— between Kelung and Tamsuy have been destroyed." (Holt, 1868).

1868-present: No significant tsunamis reported in Taiwan.

1867 Ly} [by F B
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Tsunami Warning
for Distance Tsunamis

International Cooperation
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International Tsunami Information
Center
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Pacific Tsunami Warning Center
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Deep-ocean Assessment and Reporting of
Tsunamis
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Tsunami Warning
for Near-Source Tsunamis
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Support from NSC
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The Development of Tsunami Sciences at NCU
R ST 55

Bathymetry Data ¥57&vR[IVH
- Wﬂ@%@ﬁ@@ﬁﬂ%ﬁ%%ﬂﬁﬁﬁﬁ@@&%%mmSwmﬂ°

FIIP [Z R E N A S a5 297, Determination of shallow water depth between isles by using optical
satellite Images. Chang, Chung-Pai.

Yai e BB ST PR B~ YA Eiﬁﬁrﬁe'ﬂg [EESHFFEEHSU, Su-Kun © The establishment of
submarine €able observatories off eastern Taiwan can provide real-time earthquake, tsunami, and
submarine volcano information,

Source Identification YaifFh % &Y
— Whﬂ%ﬁﬁ? ’ ﬁ%@fﬁﬁfﬁ%ﬁ:% N E N ﬁﬁ[ﬁtlk'/i*%%#,‘Ma, Kuo-Fong; Chen, Po-Fei

l{sg&nami propagation, shoaling, runup, and inundation j&ifg# {155 > B ‘Jﬁ?%cll .
E Sl

Using COMCOT to calculate the tsunami propagation, shoaling, runup and inundation. Liu, Philip L.-F.; Tsai, Wu-
Ting; Wu, Tso-Ren; Ma, Kuo-Fong; Chen, Po-Fei

FI[H|COMCOT et Wit « SC VS ~ ] s 6752 (988 WA > ™ PErEay iy 7Y
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Tsunami generated by the subaerial and submarine landslide
- 3@%5&]%%%Bp [Ejigjiﬂjpﬁ'ﬁjfﬁi%Hsu, Su-Kun; Tsai, Wu-Ting; Wu, Tso-Ren

Using 3D numerical model to simulate the landslide generated tsunamis. Wu, Tso-Ren

Tsunami force

Using 3D numerical model to calculate the shear stress, normal stress and force under the tsunami disaster. iﬁﬁp;?ﬁiﬁé
H-Wu, Tso-Ren
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Science popularization %[} j”j
B Ll =i ?Eﬁﬂﬁﬁjﬂ$w%

Benjamin Fong Jhao (Dean); Wu, Tso-Ren; Ma, Kuo-Fong;
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Determination of shallow water depth between isles by using

optical satellite images. Chang, Chung-Pai.
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Rectangular frames a ~ f : detail bathymetric Fig. 2. Detail bathymetric maps of the study
maps shown in Figure 2. area.
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The establishment of submarine cable observatories off eastern
Taiwan can provide real-time earthquake, tsunami, and submarine
volcano information.
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A

Science Popularization %j[-TF“} ?fﬁ]

[Students at 7th grade]
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20061226 3 fu £ Egh <

The uniqueness of Ping-Tung earthquake.

Two earthquakes with a similar magnitude happened
one after the other.

— SRR B

Tension fault

— 21 BIYRIIRA R R

No records of strong earthquakes shown in the past.
— D - FIF R J%’%@U*@ﬁﬁé'ﬂ%’ By =i

Very close to the shore.
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Accessible tidal gauge data from CWB.
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Earthquake Information
Exj 2=l [UI?EIFIJ Fjugrlr[

200612261226A TAIWAN REGION 0
Date: 2006/12/26 Centroid Time: 12:26:29.0 GMT Lat= 21.81 Lon= 120.52
Depth= 19.6 Half duration= 7.6 Centroid time minus hypocenter time: 7.9
Moment Tensor: Expo=26 -3.160 0.419 2.740 1.230 -1.550 -1.230

Mw = 7.0 mb =6.4 Ms = 7.3 Scalar Moment = 3.78e+26

Fault plane: strike=165 dip=30 slip=-76 Case 11
Fault plane: strike=329 dip=61 slip=-98 Case 12
200612261234A TAIWAN REGION Q

Date: 2006/12/26 Centroid Time: 12:34:22.3 GMT Lat= 22.02 Lon= 120.40
Depth= 32.8 Half duration= 6.9 Centroid time minus hypocenter time: 8.5
Moment Tensor: Expo=26 -0.377 2.210 -1.830 2.110 0.145 -0.806

Mw = 6.9 mb =6.5 Ms = 7.1 Scalar Moment = 2.87e+26

Fault plane: strike=151 dip=48 slip=0 Case 21

Fault plane: strike=61 dip=90 slip=138 Case 22
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Tsunami propagation: COMCOT

Moving boundary scheme
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Nested grids

Interface

T
NN :
| 7
fl m T i

B = Water surface elevation is evalued at the center of a grid

X% Ylume fluxis evalued at the edge center of a grid
:> Interpolate fiux from large grid region into small grid region along
interface

Moving boundary applies When
H>0 and H,,;<=0:

n+1/2

- ffr',,i

1. If h;,; + n;<0, shoreline at
i+1/2 and P, ,,=0.
Total water depth is O at cell i+1.

2. If hy,; + n>0, shoreline moves
between i+1 and i+2. P,,,,, may

have a none-zero value.

Total water depth is H=h,,; + n;

Explicit leap-frog
scheme :

The free surface elevation is
evaluated at the center of a grid
cell on the (n+1/2)-th time step;
The volume flux components, P
and Q, are evaluated at the center
of four sides of the grid cell on the
n-th time step.

The differencing schemes are
shown in the right figure.
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Shallow Water Equations

on_ 0P 80 _ o a4 M, o (13
t—+—==0 (.1 o ax @
& & o Y
ar o P o [P P
_+§H_H=n + [ Q]+gH +7, =0
¥ c (1.2) gt dx 8y cx (1.4)
py Y + + +gH—+1,=0
ot dx oy\ H oy
x, y arethe horizontal coordinates, where 7, and 7, are the bottom frictions.
n is the free-surface displacement, The bottom friction comes form Manning’s formula and is expressed as:
H =n+h is the total water depth, o’ N
i is the still water depth, i WP(P @) (1.5)

_ _ . . ) 1
P . i, Q Hw. a.re the horizontal volume discharges, 7, = ;1:!3 o(P +0%)
g 18 gravity, { 1s time.
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Computational Domain:

e

Latitude

122 124
Longitude

1#: dx= 2 min; 2#: 1 min: 3: 1/8 min
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Source Calibration

time = 000000 sec
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elevation n (m).
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Longitude

e New Epicenters:
n'; r (20,936 1N.119.5722E) to (21.7166N. 120.7722E) . 1# (2136N, 12031E)

I P 2#: (21.76N, 120.25E)

W e w _w o w w w Note: old epicenters:
e e 1#: (21.81N, 120.52E)
N AR RS e 2#: (21.97N, 120.42E)
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Shoaling effect

20 km mild slope is perfect for tsunami shoaling and amplification
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Edge wave effect
7 1P B A e FIRAI T - T o Rl
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Maximum surface elevation
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What if we are not that lucky. Say If the earthquake
IS stronger. Mw=8.0. What’s going to happen?

time = 0 sec
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Tsunami Source
Characterization for Western
Pacific Subduction Zones: A
Preliminary Report

USGS1 Tsunami Subduction
Source Working Group
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Simulation result
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Breaking Waves and Scouring Problem

VAITHLE AL - SRS & ORI - (from Prof. Philip Liu)
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3D Landslide Tsunamis
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* We are seeking for the international
cooperation on the Tsunami research.

e Tso-Ren Wu
e tsoren@ncu.edu.tw

e Thank you for listening!
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