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Tectonic Setting

4\% Ny

o ,, Taiwan is located on the convergent
plate boundary zone between the

A)} Eurasia and the Philippine Sea

Philippine
Sea Plate




Taiwan '} :
Seismicity on . 15 30 70 100 150 km.

Google Earth

Eurasia
Plate

ghi-pei Tao

M Y 020072 ‘an\. :
LN i85 ©2007 Europa Technologies™,
"‘ lmago ©2007 TerrnMamc_
o et s _ . Image NASA B

Philippine

- Sea Plate




Monitoring Organizations

Both the Central Weather Bureau (CWB) and the Institute
of Earth Sciences (IES), Academia Sinica have deployed
permanent seismic networks to monitor the earthquake
activity in the vicinity of Taiwan.

The CWB is the only authorized organization in Taiwan,
who is responsible for rapidly issuing the earthquake
information. (Mission oriented)

The IES, Academia Sinica plays as a research institution,
who mainly focus on basic scientific topics (Science
oriented)
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CWBSN

Earthquake monitoring

systems 1n operation
CWBSN

A Short period

S ho rt [ p e ri O d . B Strong-motion

® Broadband

seismographic system

Earthquake rapid
reporting system

Broadband
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Monitoring System in Operation (I)

Short-period seismograph
system -

CWBSN
> 71 short—perlod seismographic N
Statlons ® Broadband

> 12 bits resolution

» Sampling rate: 100 sps

> 4.8K dedicated telephone line
» Continuous recording since

1994
» Earthquake catalog
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Seismicity observation

Tectonic research 20
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Flonitori ing System in Operation
(11)

Earthquake rapid reporting

system -
Y CWBSN

» 102 real-time strong-motion OF & Shorcperioa

B Strong-motion

Stations ® Broadband
> 16 bits resolution
» Sampling rate: 50 sps
» + 2g Max. amplitude
> 4.8K dedicated telephone line
» Hazard mitigation
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Rapid notification

Early warning

121.0

TSMIP: ~700 strong motion Longitude (E)

stations island-wide




Flonitori ing System in Operation
(11T)

Broadband seismograph

system -
Y CWBSN

> 32 broadband seismographic OF 4 Shortperioa

B Strong-motion

Stations ® Broadband
> 24 bits resolution
» 0.02-60 sec period range
» Sampling rate: 100 sps
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» 64K frame-relay network and
satellite link

» Seismological related research

Focal mechanism

Global earthquake _ S
observation Longitude (E)




Magnitude

Frequency-Magnitude distribution
IES: Taiwan Telemetered Seismographic Networl; TTSN
Site 71



Seismicity in Taiwan

Both the event catalog and the seismic @
waveform data have enabled further 2

studies on ambient tectonics, M=>3.5in 1992-2008

seismogenic structures, source
physics, engineering applications, etc.

Google Earth 3D viewing
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Earthquake Rapid Notification
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Origin Time: 2010/3/4 8:18:52 (UT)
%Lat: 22.97, Lon: 120.71, Mag: 6.4, Dep: 22.6 km
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CMT solution

CWE Early Automatic Report (EAR)
Origin Time : 2009 4 17 12:37:49.40(UT)
Hypocenter : 23.90 N 121.77 E 48.90 kn

CWBSN_BBE moment-tensor solution :
-0.1151350 1.0783101 -0.0646969
1.0783101 -0.8452970 -1.0453501 x 10+El1é6 Nt-m
-0.0646969 -1.0453501 0.96043Z21
Centroid depth : 49 km
Mw : 4.77
Average MISFIT : 0.561 ( The fit is good

Best double couple solutions :
nodal plane(l) strike/dip/slip: 248/ 39/ 145
nodal plane(2) strike/dip/slip: 7/ 6%/ 57
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CWBSN Improvement

Upgrading seismic stations
with state-of-art instruments

Increase the dynamic range
up to 24-bits and raise the
sampling rate to 100 sps

Using the IP network for data
transmission

Combine short-period,
strong-motion and
broadband data into multi-
channel observations

>70 sites have been upgraded
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CWBSN

A Short period
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Borehole Stations

The next generation seismic
station in Taiwan

Borehole depth is set to 300 m

3 seismic sensors are deployed
at one site: 1 borehole BB
sensor, 1 borehole FBA sensor,
and 1 surface FBA sensor

ek (123%)

14 stations have been
established

Plan to build 8 stations per

year for the following 5 years

@— - A R2HE1(435)







Cable OBS stations

To better monitor earthquakes
occurred offshore E. Taiwan

Lay the fiber cable from
Toucheng

Cable length is about 45 km,
and the Max. ocean bottom
depth is about 300 m

1 BB sensor and 1 FBA sensor ing
2011

Extend the cable length and

add more OBS in the future 5000 -4000 -3000 2000 -1000
Topography(m)



Integrated Data Processing Platform

FBA+SP BB OBS Borehole Others

| | | |

‘l rame Relay ~ ADSL Jb/SAT GP s Wi-Fly
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Retrieving Retrieving Retrlevmg Retrieving Retrieving
mog@dule module mbdule module module

LAN

USGS Earthworm Cluster
1.Collecting & integrating different type data
2.Producing various seismic files for
further processing

Seismicity Other
ERR/EEW observation CMT research




Real-Time Data Integration







CWB Summary

Currently, the CWBSN is composed of 3 seismic monitoring
systems:

Short-period

Earthquake rapid reporting system (strong-motion)

Broadband

New progressive instrumental projects are proposed for
establishing the next generation of seismographic network in

Taiwan,
Instruments improvement of CWBSN

Build up borehole seismographic stations

Build up cable-based OBS stations
Earthworm clusters are utilized to merge all the real-time data



Phlhppine |
Seo’PIate

[ R — Ishlga’=s him:
v ', ©2007 ZENRIN' : ,
© 2007 Europa Technologlen ©2007 zennm T ra
< Image © 2007 TerraMeii A ) : "”’Gooﬁ
. - |mage NASA 3

% 1o 'am“ Pointer 23°28:37.88" N 120°39'54.587 E Eyealt 22447k
“"“Eyealt = 373.82 km Siny 4 ¥ v al 47 ki




tatistics of Taiwan Seismicity
CWB Event Catalog: 1999/11/01~20091031
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Broadband Array in Taiwan for
Seismology (BATS)

roadband
rray in
aiwan for
eismology
IES: 25
CWB: 34
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Data Management Center, Institute of Earth Sciences, Academia Sinica
http:/dmc.earth.sinica.edu.tw  http:/bats.earth.sinica.edu.tw




Taiwan Earthquake Monitoring

MAGNITUDE
[JAsia2 |
Aust/iIndo/NZ

TIME

LAST HOUR
LAST DAY
LAST WEEK
> 1WEEK

STATIONS 2011703719, 15:14:53 UTC
A STATION



r Real-time Source In

2011.079.08.00

vVersion

Source Inversion
Methods:

~ Nearby Historical BATS
CMT Solutions (< 5 sec)

- Real-time CAP Solution

(~2 min.)

~ Routine BATS CMT

Solution (<30 min.)

- FMNEAR Solution

Imagery ©@2011 TerraMetrics, #IEIEH ©2011 Kingway, Mapabce, ZENRIN - {ER &8

Copyright © 2010-2011 TECDC | All Rights Reserved

(<10 min.)

~ W-Phase Inversion (M>6)
(<20 min.)

' , GCMT Solution
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Necessity to a Wider Regional Network

Earthquake Off
Pacific Asia Could
Generate Strong
I'sunami
The Japan-Taiwan
geodynamic system

is very similar to the
Indonesian-Tibet one.

Hsu and Sibuet, 2005
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outh China Sea Virtual Network

BATS IRIS/GSN CHINA JAPAN
M (pan) W & A ¢




Optons Vew  Help
TSummary | Events |
2011-03-19 09:56:49 UTC

5 hours and 6 minutes ago
Near East Coast of Honshu, Japan

Mw(mB) 6.0 5km

Type Value 2 Count
M 60 109
MLy 63 1
Mw(mB) 60 0.

m8 63 82
mb 59 0. 109

Latitude: 36.89 °|
Longitude: 14027 °E +/- 3km
Degth: 5 km ficed
Phase Count: 109

RMS Residuat

Agency. IES

Status: ‘automatic
First Location: O.T. +11m 325
This Location: O.T, +48m d4s
EventiD: ies20111ib

Show Detais |
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Global/ ReglonlEaIthquake Momtormg




20110311
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S
Wageovabses: 5176133 -DAREIS -SLIT659 ( Mw = 90N )
Moment Tensor: 564497 240530 KO5030 1945200 3819845 21 0%
Besioodul planes: 1394 647 279 2870V 956

WOMT - RMS: 02750 mm (02113) Gap: 3230

Eipervalues: 6018778 023023 6043801 (Mw=0.12)
Moment Tensor:  0.31008 004427 026828 041254 033883 011875
Best nodal planes: 254/ S000 IR 2006/ 01/ K50

GOMT - RMS: 066797 ma (03385) Cap: 320,97

Momgnt ratie = |15 spsilon = 0247

100°
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120°

140°
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Regional W-Phase Source Inversion
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Geophysical Instrumentation

GPS network (CWB,IES,CGS,MO],...)
Borehole strainmeter (IES,CGS)
Creep meter (IES)

Water level

(Geomagnetic monitoring system

Gravimeter



Continuous GPS Station Network
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Campaign model GPS stations
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Horizontal Displacement wrt ITRE and SoiR

GPS Horizontal Velocity Field (ITRF) GPS Horizontal Velocity Field (SOIR)
2007.0 = 2008.0  2007.0 ' 2007.0 = 2008.0  2007.0
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