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Seismic network and monitoring 
in Taiwan 



 Introduction of the real-time seismic 

network in Taiwan 

 Operations for seismic monitoring 

 Earthquake catalog publish 

 Earthquake rapid reporting 

 Earthquake early warning 

Outline 



CWBSN 
Central Weather Bureau 

Seismic Network 

TGNS 
Taiwan Geophysical Network 

for Seismology 
 

TSMIP 
Taiwan Strong Motion 

Instrumentation Program network 

Seismic networks in operation 

Tasks: 
 Earthquake catalog  
 Earthquake rapid notification and 

early warning 
 Tsunami warning  
 Seismological related research 

Tasks: 
 Strong-motion database  
 Strong-motion seismology 

research 
 Earthquake engineering 

application 

Tasks: 
 Geophysical database  
 Earthquake precursor study 
 Crustal deformation and active 

fault monitoring  



CWBSN framework 

138 stations totally 



5 

6-channel station  

Integrate and upgrade all of 
Taiwan’s short-period 
stations in 1991. Add strong-
motion seismometers in 
stations in 1995. 
The main seismic stations 
for earthquake observation 
in Taiwan for the past 20 
years. 
Totally upgrade the 
resolution to 24 bits in 2012. 
70 stations established.  
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Broadband station  

Start to build the stations 
and install broadband 
seismometers in 2001. 
High quality and resolution 
data are acquired for 
seismological related 
research. 
29 stations established.  
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Downhole station 

Start to build the stations in 
2007 in order to establish 
the next generation of 
seismic station in Taiwan. 
Borehole depth is set to 300 
meter.  
3 seismometers are installed 
in a station, include 1 
borehole broadband sensor, 
1 borehole FBA sensor, and 
1 surface FBA sensor. 
30 stations established, and 
plan to build 70 stations 
totally for the next few years. 
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Downhole station framework  

diameter 5inch 

300m 

BB 

FBA 

grouting 18m 

Specification 
1. Well type：dry 
2. Well material：anti-rust steel 
3. Drilling depth：318m 
4. Well length：300m 

 

FBA 
Frame Relay DAU 

KS-2000BH 
PA-23BH 

PA-23 

SMART-24R 
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Improvement of resolution 

Surface 
Strong-motion 

Borehole 
Strong-motion 

Borehole 
Broadband 

0.61 gal 

2.23 gal 

0.67 gal 

2010/3/4 8:18:52 ML 6.4 Toucheng station 
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OBS station 

1 cable based OBS station is 
constructed off northeastern 
Taiwan in 2011 to improve the 
capabilities of earthquake 
monitoring. 
Cable laid from Toucheng, 
Yilan county. The cable length 
is about 45 km, and the water 
depth of station is about 300 
meter.   
1 broadband sensor and 1 
FBA sensor are installed.   
Plan to extend the cable 
length and add more OBS in 
the future. 



OBS system framework 
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OBS waveform 

2012/8/31 12:47 Mw 7.6 

OBS 
Broadband 

Borehole 
Broadband 

Land station 



Real-time data integration 

WAVE_RING Tankplayer 

Pick_eew 

Waveserver 

Waveman2disk 

Tank Real-time 
 data 

Specific format 
data 

Processing 
program 

Processing 
program 

Earthworm 

Strong-motion, 
Broadband, 
Short period 

SAC, 
MiniSeed, 
SUDS, 
TANK, 
CWB24 

(D.-Y. Chen) 



Multi-channel waveform 

Surface 
Broadband 

Surface 
Short period 

Surface 
Strong-motion 

Borehole 
Strong-motion 

Borehole 
Broadband 

2010/3/4 16:16:16 ML 5.7 Lanyu station 



 Earthquake catalog publish 

 Earthquake rapid reporting 

 Earthquake early warning 

Operations for seismic monitoring 



Taiwan earthquake catalog 
Earthquake catalog publish 



Earthquake catalog publish 

(C.-H. Chang) 

Measurement the seismicity changes by values a and b 

Seismicity observation 



Seismogenic structure study 
Earthquake catalog publish 

(C.-H. Chang) 



Earthquake rapid notification 
Earthquake rapid reporting 



2006~2012 
984 Events 

5.08 ± 6.21 km 

4.73 ± 5.64 km 

Earthquake report statistics 
Earthquake rapid reporting 
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20:00

22:30

2006/01 2007/01 2008/01 2009/01 2010/01 2011/01 2012/01

Formal Report      4:50 ± 2:35
Automatic Report   48 ± 13 sec

Reporting time 
Earthquake rapid reporting 

4:50 ± 2:35 
48 ± 13 sec 

5 min 

Occurrence of earthquake 
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Virtual Sub-Network for EEW 
Earthquake early warning 



2006~2012 
196/207 Events (94.7%) 

6.46 ± 7.86 km 

5.34 ± 9.19 km 

0.29 ± 0.24 

18.6 ± 3.7 sec 

EEW Capability 
Earthquake early warning 



For promoting and testing the EEW application in 
Taiwan, a joint program in cooperation with CWB and  
National Science and Technology Center for Disaster 
Reduction (NCDR) was performed. 

Currently, the organizations of application include 
elementary schools, power plants, transportation 
networks, and disaster prevention agencies.   

Earthquake early warning 

Promotion plan for EEW in Taiwan 
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EEWS Platform Users 

Internet as the main medium 
Active platform 
Client-server architecture 

Earthquake early warning 

Message disseminative platform 



Using the Radio Data System 
 
 
 

 
 
Using Low-Frequency Time and Frequency 
Broadcasting System 

CWB 
EEW server 

Internet 

Inst. of Transport. 
Message coding 

Internet 

Police radio station 
FM transmission 

NCDR 
Message decoding 

and display 

Internet 

Chunghwa 
Telecom 

Public server 

LF 
transmitter 

LF receiver LF signal 
generator 

CWB 
EEW server 

Earthquake early warning 

Transmission test  



CWB 
Regional 
Warning 

Internet 

EEW receiving 
computer at 

school 

Computer interface 
(CWB) 

LED display and broadcasting 
in classrooms 

Activate emergency 
responses 

Intensity 
over 

threshold 
Message 
display 

Onsite Earthquake 
Monitoring System 

Onsite 
Warning 

Regional and onsite EEW message was 
linked with the broadcasting system to 
automatically inform teachers and students 
at 4 schools with collaboration of NCDR, 
NCREE, and CWB. 

Earthquake early warning 

Application of EEW to Schools 



Pilot test at Emergency 
Response Center 
EEW message was received via 

internet at National Fire Agency for 
testing with collaboration of NCDR, 
CWB, and NCHC. 
 

Pilot application for Taiwan High 
Speed Rail 
Customized EEW message was 

sent by CWB to THSR for testing 
and pilot application with 
collaboration of CWB, NCDR, and 
NCREE. 

EEW received via internet 

EEW message for Taiwan High 
Speed Rail 

Earthquake early warning 

Application of EEW 



Advanced EEW procedure developed 

Earthworm 
WAVE_RING 

 Real-time data 
packet input 

Earthworm 
PICK_RING Pick_eew 

tcpd 

1.Pick P wave arrival 
2.Calculate P wave 

amplitudes and period 

1.Locate earthquake  
2.Estimate magnitude 

Earthquake Early Warning Report 

Mτc  = 4.218 * log10(τc )+6.166                                  (Wu et al., 2010)  
MPd = 3.905 + 2.198 * log10(Pd) + 2.703 * log10(R)  (Hsiao et al., 2010) 

Earthquake early warning 

(D.-Y. Chen) 



Example 
Earthquake early warning 

(D.-Y. Chen) 



The End 

Thank you for your attention! 
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