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Introduction

Taiwan, an island located on the border of the Eurasia
plate and the Philippine Sea plate, is over the Circum-
Pacifig seismic belt.
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Introduction

There are nearly 18,000 seismic events occurring in and
arounghTaiwan every year, and earthquake hazard is one
of the major natural disasters in Taiwan. In order to
monitor and report seismic activities for earthquake
hazard mitigation, the Central Weather Bureau (CWB)
has been executing projects of Taiwan Strong Motion

Instrumentation Program (TSMIP) since 1992.
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Introduction

The TSMIP is a comprehensive, forward-looking, and
continlous push-on project, and divides into three phases
for every six years.

199211993 11994 1995|1996 |1997 |1998 |1999 [2000 (2001 {2002 |2003 2004 {2005 {2006 {2007 {2008 {2009

The 1st. Phase The 2nd. Phase The 3rd. Phase

Monitoring system and Rapid Earthquake Seismic Early Warning
free-field strong motion Information Release System.
network. System.
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The phase of the &> HihENE B

| Taiwan Etmnﬂ Mation Instrumentation

project is building a Program (TSMIP) Network
monitoring system and a E*f’ff:;%g%m
network in urban areas with |[EEEEEE——
free-field strong motion

stations. This includes

gathering strong motion

data around Taiwan and

providing them for

Institutions of engineering

and disaster prevention,

while revising building codes

for earthquake resistant

construction. K
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phase is mainly constructing an earthquake
rapid reporting system (ERRS). The goal is to reduce the
commuhication time for emergency response with related
units. | Kl
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The phase of the project focuses on the earthquake
early warning system (EEWS). We emphasize research
and development on the early warning system of seismic
strong motions. H
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Tawan Strong Maotion Instrumentation Program (TSMIF)
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T Current status

CWBSN (Central Weather Bureau Seismographic
Network)

Short period seismograph
Strong-motion seismograph (accelerograph)
Broadband seismograph

Free-field station
Building array

\ TSMIP network

SEBDRESE BEHHDL |

http:/fwww.cwh.dov.tw




CWBSN S g @gf—ml

Observation Networks

Short-period seismograph - 0%3

kinmen

> GeoTech S13 sensor 28 9 5148

Seismic Observation Network
A BREDINRE

> 70 StatIOnS .ﬁf’!ﬁ;m ‘elocity-type Seismograp!

Accelerograph

> 12 bits resolution o myMRE

> Seismicity observation

Acceleragraph -
» GeoTech AS00A
»> 101 st"'ations
> 16 bits resolution
» * 2G Max. amplitude
» Hazard mitigation
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CWBSN S g ibeil

o Observation Networks
@

Broadband seismograph - 0%3 bﬂ

kinmen

> Guralp 3ESP, 40TD sensor Baiil,

Seismic Observation Network
A BREDINRE

> 32 StatIOnS .ﬁf’!ﬂ;m elocity-type Seismograp

Accelerograph

> 24 bits resolution o myMRE

> 0.02:30 sec period range

» Focal mechanism, global
earthquake observation
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Seismograph

Sf'a‘fion Instrument A900A & S13 Broadband sensor
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Data transmission & procession

Short-period and accelerograph
real-time data stream (RTD)
4.8K bps telephone line
50 sps (acc.), 100 sps (sp)
Windows-based workstation
| Self-developed software
\ Broadband
| UDP packet switching
\ 64K frame-relay network and satellite link
100 sps
Windows-based & Unix workstation
USGS Earthworm software
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T Achievements

Seismicity observation
Taiwan earthguake database
Taiwan Tectonic research
Seismic hazard mitigation
Earthquake rapid reporting (EER)

| Earthquake early warning (EEW)
Seismological related research
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[b] This study
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Earthquake rapid reporting

Developed based on the real-time strong-motion
network from 1995.

Earthquake location and magnitude, and shake
map of seismic intensities is automatically
reported in about one minute after the occurrence
of a potentially felt earthquake.

\ Within 3 to 5 minutes later, an official earthquake
~ report is disseminated to various organizations

\ and individuals with several media, such as

\ mobile phone SMS, Internet and public TV etc.
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Earthquake rapid reporting
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Procedure of Earthquake Information Issuance

Preliminary report
ETEE Sui
E-mail Short Message Saf_ggte {SMS)

OHIEIERAE

The personnel in charge of eanhqma infacmation

O HEGAREAS,

h-" commanding group of rescue services
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Emergency management depariments Transporiation agencies
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The related autharities Seismalogical research institutes 48 Ticker IJ']PUtI|I\. World Wide Web E-mail SMS
é Television Service (WWW)
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The news media Engineering agencies ,/"““f ( ! !-1% (
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The general putlic Power plants
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hitp://www.cwb.gov.tw




Y )
— i e a

Earthquake early warning

The ultimate goal of the earthquake early warning
IS to predict the arrival waves of strong earthquake
shaking to people with an alarm of seconds to
tens before the strong shaking arrival.

A sub-network or virtual sub-network (VSN)

approach based on the framework of real-time

strong-motion network is utilized for

experimentation since 2001. Currently, for

earthquakes occurring in or very near Taiwan,

Information can be automatically reported in about
\ 20 seconds.
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early warning
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A case for December 10, 2003 | 'E:rigin Time: 200312110 12:38:15

: Lat: 23.10, Lon: 121.34, Mag: 6.6, Dep: 10.0 km
Chenggung, Taitung earthquake i Processing Time: 22 sec l
(Mw 6.8). For this case, the
response time of sub-network was
22 sec, which can give seconds to
tens of seconds of warning time for
areas 65 km away from epicenter.
The maximum peak ground
acceleration for warning was about
80 gals, and the Taipel metropolis
having more than 30 sec warning
time was ahout 8 gals.
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TSMIP netwo st -

Program (TSMIP) Network
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Free-field station - Qs L Wokon Sufone i
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The Strong Motion Monitoring System B
on Structures TAPBAT TAPBAS TAPBAA TAPBAB TAPBAC

» More than 700 stations
» accelerometer

TCUBAS TCUBAA TCUBAB

TCUBA4 TCUBAS TCUBAGE TCUBAT TCUBAS

» Archive data by man every B
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T Free-field records application

Vibration parameter predictive equations study
Quick intensity estimation for earthquake early
warning and rapid reporting
116 EQs and more than 20000 strong-motion
records are used

Using 2-step linear regression

Results

PGA=1.657 x g->3¥M. » (=160

PGV = 0.003x e1.970><ML % r_1_425
0_33_ Sa = 2.739 x e1.585><|\/|L % r—]__602

1.0s_Sa=0.002 x g2313M.  ~1.468

3_03_ Sa = 0.000 x e2.91(‘3><|\/|L % r—1_317
PEAK =0.0004 f 5.061 % e2.267]”"319><|\/|L v r—(1.296+0.093f) ’ f-0.5~10Hz
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1000

1000

1993/M12/1521:49: 43.28

120.51 2319118758 118

Fitline : ¥ = 4.199 + (-1.607)"X
Standard deviation : 0.244

10 100
Hypocenter distance (km)

1999/10/22 2:18: 56.44

1000

120.4523.4520.196.3 300

Fitline : ¥ = 4.494 + {-1,507}&.
Standard deviation : 0.237

10 100
Hypocenter distance (km)
2002/5M15 3:.46: 584
121.86 2463 15336.2 204

I Fitline : Y = 4.266 + (-1.607)°X

Standard deviation : 0.1563

10 100
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1000

1000

leld records application

1000

1000
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1998/717 4:51.14.97
12066 235146062 227

Fitline : Y = 4,167 + (-1.607)"
Standard deviation : 0.202

10 100 1000
Hypocenter distance (km)

1999/10/22 3:10:17.42
1204523.5116.476.2 237
.

Fitline : ¥ = 4.235 + (-1.607)
Standard deviation : 0.215

10 100 1000
Hypocenter distance (km)

2003/12/10 4:38:14.31
121.3823.0921.266.7 364

Fit line : Y = 4.664 + (-1.607)°X
Standard deviation : 0.197
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Excitation term
100000

Y =1.657 * exp(1.533 * X)
Correlation coefficient : 0.948
Sta?dard deviation : 0.256I
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Building records analysis

Taiwan power company building
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> Future development

CWBSN improvement project

Installation of cable-based ocean
bottom seismographic (OBS)
network

\a Building borehole seismographic
\ stations
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T CWBSN Improvement project

Combine short-period with strong-
motion data into 6-channel observation

Enhance the resolution to 24 bits
Increase the sampling rate to 100Hz

| « Using TCP packet switching protocol
\ with frame-relay network

Iﬂl
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“Cable-based OBS

Objective -

122°

& Preliminary Planned Cable Route (CWB)

- Enhance the accuracy of ® Possible Monitoring Fpsitions
earthquake position
- Shorten the response time

Lay the ll*iber cable from
Toucheng (pfi%)

Cable length is about 90 Km,
and the Max. ocean bottom is
within 1 Km

\
Install 1 or 2 node attaching
various seismographs and
tsuanameter \

ZF 3 U = = 5| 4 , N . . .
RBEPRARE BRABWPL | -6000 -5000 -4000 -3000 -2000 -1000 O 1000 2000 3000
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“Cable-based OBS

Plan to extend the cable and
add diffeFl_.e-'ht scientific s e e e
instruments in the future '

122°

: Workingli'lperiod from 2008 to
2009 |
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Borehole seismic stations

Objective -
Joint pbservation with OBS
stations
Establish the prototype of
newly seismic station in Taiwan

6 sites are chosen to drill wells

4 L\}j ‘man

Max. borihole length is 300 m. 'WL

3 seismographic sensors are ;} é"ﬂ“’“‘" :"‘"‘“““
implemeh"’ged, 1 borehole ﬁ

broadband sensor, 1 borehole ?
FBA sensor; and 1 FBA sensor

on the ground

'ﬁma lien
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Integrated observation
FoAss13 B8 OB Bohoe  Others

ADSL [VSAT GP
] £ B3 ED)

Retrieving Re trlevmg Retrieving Re trlevmg Re trlevmg

LAN

mo[ule ule mBdule ule ule

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

e Seismicity
SEDBLRASE LENFRYTY  observation
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&) Other earthquake related
observational networks at CWB

Continuous Global Positioning
System (GPS)

Real-time groundwater
\ observation system

\« Real-time magnetic observation
.system
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The End

\ Thanks for your attention
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