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�  Tectonic	
  setting	
  of	
  Taiwan	
  
�  Earthquake	
  Monitoring	
  Systems	
  
�  Rapid	
  Earthquake	
  Notification	
  

�  Earthquake	
  information	
  
�  Earthquake	
  Early	
  Warning	
  (EEW)	
  
�  Focal	
  Mechanism	
  

�  Data	
  Sharing	
  
�  International	
  collaboration	
  



Philippine	
  
Sea	
  Plate	
 

Eurasia	
  
Plate	
 

Taiwan	
  is	
  located	
  on	
  the	
  convergent	
  
plate	
  boundary	
  zone	
  between	
  the	
  
Eurasia	
  and	
  the	
  Philippine	
  Sea	
  
plates.	
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�  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)	
  

	
  



•  1989	
  	
  
•  Merge	
  and	
  upgrade	
  existing	
  

seismic	
  stations	
  in	
  Taiwan	
  
	
  (TTSN,	
  was	
  initiated	
  by	
  IES)	
  

•  Build	
  up	
  new	
  real-­‐time	
  
seismic	
  stations	
  	
  
	
  (short-­‐period)	
  	
  

•  1995	
  	
  
•  Build	
  up	
  real-­‐time	
  strong-­‐

motion	
  stations	
  
•  TSMIP	
  (~700	
  sites)	
 

•  2000	
  	
  
•  Build	
  up	
  broadband	
  seismic	
  

stations	
 



•  Earthquake	
  monitoring	
  
systems	
  in	
  operation	
  	
  	
  
–  Short-­‐period	
  

seismographic	
  system	
  

–  Earthquake	
  rapid	
  
reporting	
  system	
  

–  Broadband	
  
seismographic	
  system	
  



•  Short-­‐period	
  seismograph	
  
system	
  -­‐	
  
Ø  71	
  short-­‐period	
  seismographic	
  

stations	
  
Ø  12	
  bits	
  resolution	
  
Ø  Sampling	
  rate:	
  100	
  sps	
  
Ø  4.8K	
  dedicated	
  telephone	
  line	
  
Ø Continuous	
  recording	
  since	
  

1994	
  	
  
Ø  Earthquake	
  catalog	
  

-  Seismicity	
  observation	
  

- Tectonic	
  research	
  

	
  

	
  



•  Earthquake	
  rapid	
  reporting	
  
system	
  -­‐	
  
Ø  102	
  real-­‐time	
  strong-­‐motion	
  

stations	
  
Ø  16	
  bits	
  resolution	
  
Ø  Sampling	
  rate:	
  50	
  sps	
  
Ø  ±	
  2g	
  Max.	
  amplitude	
  
Ø  4.8K	
  dedicated	
  telephone	
  line	
  
Ø  	
  Hazard	
  mitigation	
  

- Rapid	
  notification	
  
- Early	
  warning	
  

	
  

	
  
TSMIP:	
  ~700	
  strong	
  motion	
  

	
  stations	
  island-­‐wide	
 



•  Broadband	
  seismograph	
  
system	
  -­‐	
  
Ø  32	
  broadband	
  seismographic	
  

stations	
  
Ø  24	
  bits	
  resolution	
  
Ø  0.02-­‐60	
  sec	
  period	
  range	
  
Ø  Sampling	
  rate:	
  100	
  sps	
  
Ø  64K	
  frame-­‐relay	
  network	
  and	
  

satellite	
  link	
  	
  
Ø  Seismological	
  related	
  research	
  

- Focal	
  mechanism	
  

- Global	
  earthquake	
  
observation	
  

	
  

	
  



Site	
  :71	
  

Mc	
  2.4	
  →	
  2.0 
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Both	
  the	
  event	
  catalog	
  and	
  the	
  seismic	
  
waveform	
  data	
  have	
  enabled	
  further	
  
studies	
  on	
  ambient	
  tectonics,	
  
seismogenic	
  structures,	
  source	
  
physics,	
  engineering	
  applications,	
  etc.	
 

	
  Central	
  Weather	
  Bureau	
  
	
  	
  M≥3.5	
  in	
  1992-­‐2008	
  	
  









2004-­‐2008,	
  676	
  CMT	
  solutions	
  	
 



•  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	
  



•  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	
  	
  

•  14	
  stations	
  have	
  been	
  
established	
  

•  Plan	
  to	
  build	
  8	
  stations	
  per	
  
year	
  for	
  the	
  following	
  5	
  years	
  	
  	
  



Diameter	
  5	
  inch	
  
	
 

300m	
  

BB	
  

FBA	
  

grouting	
 18m	
  

Specification	
  
Well	
  type：dry	
  
Well	
  material：anti-­‐rust	
  steel	
  
Drilling	
  depth：318	
  m	
  
Well	
  length：300	
  m	
  

FBA	
  
Frame	
  Relay	
  DAU	
  

KS-­‐2000BH	
  
PA-­‐23BH	
  

PA-­‐23	
  

SMART-­‐24R	
  

18m	
  



•  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	
  in	
  
2011	
  

•  Extend	
  the	
  cable	
  length	
  and	
  
add	
  more	
  OBS	
  in	
  the	
  future	
  	
  



USGS	
  Earthworm	
  Cluster	
  
1.Collecting	
  &	
  integrating	
  different	
  type	
  data	
  

2.Producing	
  various	
  seismic	
  files	
  for	
  	
  
further	
  processing	
  

ERR/EEW 

FBA+SP OBS Borehole BB Others 

Frame	
  Relay、ADSL、VSAT、GPRS、Wi-­‐Fly	
  	
  

LAN	
  

Data	
  Exchange	
  

Database 

LAN	
  

Seismicity 
observation CMT Other 

 research 

Retrieving	
  
module	
  

Retrieving	
  
module	
  

Retrieving	
  
module	
  

Retrieving	
  
module	
  

Retrieving	
  
module	
  



WAVE_RING	
  Tankplayer	
  

Sniffwave	
  

Waveserver	
  

Waveman2disk	
  

Tank	
  Real-­‐time	
  
	
  data	
 

Specific	
  format	
  
data	
  

Processing	
  
program	
  

Processing	
  
program	
  

Earthworm	
  

Strong-­‐motion,	
  
Broadband,	
  
Short	
  period	
  

SAC,	
  
MiniSeed,	
  
SUDS,	
  
TANK,	
  
CWB24	
  



Surface	
  
Broadband	
  

Surface	
  
Short	
  period	
  

Surface	
  
Strong-­‐motion	
  

Borehole	
  
Strong-­‐motion	
  

Borehole	
  
Broadband	
  

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



•  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	
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Data	
  Source:	
  
	
  Central	
  Weather	
  Bureau	
  
	
  	
  M≥3.5	
  in	
  1992-­‐2008	
  	
  



CWB	
  Event	
  Catalog:	
  1999/11/01~20091031	
 



IES:   25 
CWB:   34 
GSN:     1 

  59 

Broadband 
Array in 
Taiwan for 
Seismology	
 

u  To	
  better	
  monitor	
  
Taiwan	
  	
  earthquakes	
  

u  Provide	
  high	
  quality	
  
waveform	
  data	
 





Source Inversion 
Methods: 
	
  
Nearby	
  Historical	
  BATS	
  
CMT	
  Solutions	
  (<	
  5	
  sec)	
  
	
  
Real-­‐time	
  CAP	
  Solution	
  
(~2	
  min.)	
  
	
  
Routine	
  BATS	
  CMT	
  
Solution	
  (<30	
  min.)	
  
	
  
FMNEAR	
  Solution	
  
(<10	
  min.)	
  
	
  

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

GCMT	
  Solution	
 



The	
  Japan-­‐Taiwan	
  
geodynamic	
  system	
  
is	
  very	
  similar	
  to	
  the	
  
Indonesian-­‐Tibet	
  one.	
  
	
  

Hsu	
  and	
  Sibuet,	
  2005	
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Increasing	
  the	
  aperture	
  of	
  
individual	
  network	
 



GSN	
   	
  X1	
  IRIS	
  

F-­‐Net 	
  X4	
  NIED	
  

OHP 	
  X4	
  JAMSTEC	
  

MMD 	
  X5	
  Malaysia	
  

GFZ	
   	
  X20	
  



VDOS	
 

VNAS	
 







�  Short-­‐period	
  seismic	
  network	
  (CWB)	
  
�  Strong-­‐motion	
  seismic	
  network	
  (CWB,IES)	
  
�  Broadband	
  seismic	
  network	
  (CWB,IES)	
  
�  GPS	
  network	
  (CWB,IES,CGS,MOI,…)	
  
�  Borehole	
  strainmeter	
  (IES,CGS)	
  
�  Creep	
  meter	
  (IES)	
  
� Water	
  level	
  
�  Geomagnetic	
  monitoring	
  system	
  	
  
�  Gravimeter	
 









Taiwan	
  Earthquake	
  Research	
  Data	
  Center	
  (TEC	
  
DC)	
  

http://tecdc.earth.sinica.edu.tw	
 


