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Introduc0on:	
  Seismic	
  Monitoring	
  in	
  Switzerland	
  

Deichmann	
  &	
  Ernst	
  2009	
  

Monitoring	
  of	
  Microseismicity	
  including:	
  

• 	
  Geothermal	
  projects	
  (e.g.	
  Basel)	
  

• 	
  Construc3on	
  sites	
  (e.g.	
  ALPTRANSIT)	
  

• 	
  Assessment	
  of	
  poten3al	
  sites	
  for	
  nuclear	
  	
  
	
  	
  power	
  plants	
  and	
  waste	
  deposit	
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Introduc0on:	
  Seismic	
  Monitoring	
  in	
  Switzerland	
  

Backbone	
  (weak-­‐mo3on):	
  SDSNet	
  (real-­‐3me)	
  
>	
  30	
  BB	
  Sta3ons	
  
>	
  10	
  EH+SH	
  Sta3ons	
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Introduc0on:	
  Seismic	
  Monitoring	
  in	
  Switzerland	
  

Strong-­‐Mo3on:	
  SSMNet	
  	
  
~	
  30	
  Real-­‐Time	
  BB	
  (24	
  bit)	
  Sta3ons	
  
	
  	
  (70	
  more	
  sta3ons	
  are	
  planed)	
  
~	
  60	
  Dial-­‐Up	
  Sta3ons	
  (will	
  be	
  replaced)	
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Introduc0on:	
  Seismic	
  Monitoring	
  in	
  Switzerland	
  

seismo@school:	
  
~	
  6	
  EH	
  Sta3ons	
  

Special-­‐Networks:	
  
~	
  20	
  EH+HG	
  Sta3ons	
  
	
  	
  	
  (expected	
  to	
  increase)	
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Introduc0on:	
  Seismic	
  Monitoring	
  in	
  Switzerland	
  

Foreign	
  Data:	
  
~	
  30	
  HH+EH	
  Sta3ons	
  

In	
  Total:	
  
~	
  	
  190	
  Sta3ons	
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Introduction: Seismic Monitoring in Switzerland 

• 	
  Upgrading	
  and	
  extension	
  of	
  the	
  network	
  with	
  different	
  sensor	
  types.	
  Replacement	
  of	
  
triggered	
  dial-­‐up	
  SM	
  with	
  con3nuous	
  online	
  SM	
  sta3ons.	
  

• 	
  Installa3on	
  of	
  permanent	
  and	
  temporary	
  micro-­‐networks	
  (Special	
  Network	
  Group).	
  

• 	
  Flexible	
  and	
  extendable	
  processing	
  and	
  analyzing	
  sodware.	
  	
  

 	
  Old	
  “in-­‐house”	
  system	
  was	
  not	
  capable	
  of	
  handling	
  these	
  growing	
  tasks.	
  

 	
  Decision	
  to	
  implement	
  SC3	
  as	
  the	
  new	
  processing	
  system	
  at	
  the	
  SED.	
  

Variety	
  of	
  (real-­‐0me)	
  monitoring	
  du0es	
  demand:	
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SC3	
  Implementa0on	
  at	
  the	
  SED:	
  Where	
  we	
  are	
  

 	
  Replicate	
  (approved)	
  methods	
  used	
  in	
  the	
  old	
  system	
  including	
  algorithms	
  for:	
  
automa3c	
  picking	
  (BK-­‐picker),	
  event	
  associa3on,	
  loca3on	
  procedure	
  (NLL),	
  magnitude	
  
determina3on	
  (Mlh),	
  aler3ng,	
  etc.	
  Also	
  important	
  for	
  consistency	
  with	
  exis3ng	
  catalog.	
  
Benchmark	
  test	
  in	
  terms	
  of	
  latency	
  of	
  the	
  SC3	
  system.	
  Comparison	
  of	
  SC3	
  solu3ons	
  with	
  
solu3ons	
  derived	
  from	
  the	
  old	
  system.	
  Mostly	
  FINISHED.	
  

 	
  Replicate	
  func3onality	
  of	
  the	
  old	
  event-­‐review	
  tool	
  (SNAP)	
  in	
  scolv.	
  FINISHED	
  

 	
  Strategies	
  for	
  data	
  archiving	
  and	
  dissemina3on	
  with	
  arclink	
  &	
  eida.	
  FINISHED.	
  

 	
  Strategies	
  for	
  reliable	
  and	
  stable	
  SC3	
  implementa3on	
  (redundancy,	
  high	
  availability,	
  
etc.).	
  Under	
  development.	
  

Currently,	
  the	
  SC3	
  test-­‐systems	
  run	
  parallel	
  to	
  the	
  old	
  system,	
  which	
  is	
  s0ll	
  our	
  primary	
  
system	
  

Since	
  about	
  two	
  years	
  SC3	
  implementa0ons	
  are	
  tested	
  at	
  the	
  SED.	
  Primary	
  goals	
  of	
  
tes0ng	
  and	
  developments	
  at	
  the	
  SED	
  were:	
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SC3	
  Implementa0on	
  at	
  the	
  SED:	
  Where	
  we	
  are	
  

Current	
  SC3	
  test-­‐	
  
system	
  at	
  SED	
  	
  	
  

decoupled	
  GUIs	
  	
  	
  

Public	
  access	
  
decoupled	
  from	
  

internal	
  	
  	
  

7	
  days	
  in	
  ring-­‐
buffer	
  to	
  speed	
  
up	
  waveform	
  
access	
  in	
  scolv	
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SC3	
  Implementa0on	
  at	
  the	
  SED:	
  Where	
  we	
  are	
  

Mul0ple	
  Processing	
  Pipelines	
  used	
  in	
  the	
  SED	
  SC3-­‐System	
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SC3	
  Implementa0on	
  at	
  the	
  SED:	
  Where	
  we	
  are	
  

automa3c	
  picks	
  from	
  the	
  *autopick	
  
module.	
  

LOCSAT-­‐loca3on	
  in	
  global	
  velocity	
  model	
  
from	
  the	
  *autoloc	
  module.	
  	
  

NONLINLOC-­‐loca3on	
  in	
  selected	
  velocity	
  
model	
  from	
  the	
  *reloc	
  module.	
  
NONLINLOC	
  used	
  in	
  EDT	
  mode	
  to	
  

minimize	
  effect	
  of	
  mispicks.	
  

Select	
  local	
  (3D),	
  regional	
  (1D),	
  or	
  global	
  
(1D)	
  grid	
  based	
  on	
  *autoloc	
  loca3on	
  	
  

Get	
  appropriate	
  magnitude	
  (usually	
  Ml)	
  
from	
  the	
  *mag	
  module.	
  	
  

scevent	
  select	
  preferred	
  
SC3	
  origin	
  for	
  event.	
  	
  

SC3	
  Origins	
  from	
  other	
  pipelines	
  
and/or	
  previous	
  origins	
  	
  	
  

SC3	
  Database	
  	
  
qfeed2	
  selects	
  

authorita3ve	
  origin	
  and	
  
handles	
  alerts	
  	
  

External	
  origins	
  (other	
  system,	
  
other	
  agencies,	
  etc.)	
  	
  	
  

Automa0c	
  Detec0on,	
  Loca0on,	
  and	
  Aler0ng	
  
In	
  the	
  SED	
  SC3-­‐System	
  (simplified)	
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SC3	
  Implementa0on	
  at	
  the	
  SED:	
  Where	
  we	
  are	
  

arclink.ethz.ch	
  

Data	
  Dissemina0on	
  using	
  
Arclink:	
  

• 	
  Events	
  
• 	
  Metadata	
  
• 	
  Waveforms	
  (also	
  triggered)	
  

Based	
  on	
  GFZ	
  interface,	
  but	
  
local	
  database	
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SC3	
  Implementa0on	
  at	
  the	
  SED:	
  Where	
  we	
  are	
  

eida.ethz.ch	
  

Data	
  Dissemina0on	
  via	
  
EIDA-­‐Node	
  (European	
  
Integrated	
  Data	
  Archive):	
  	
  

• 	
  Metadata	
  
• 	
  Waveforms	
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Event	
  Review	
  with	
  scolv	
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Event	
  Review	
  with	
  scolv	
  	
  

Loca0on	
  quality	
  from	
  NonLinLoc	
  
solu0ons	
  (difference	
  between	
  
max.	
  likelihood	
  and	
  center	
  of	
  

error	
  ellipsoid)	
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Event	
  review	
  with	
  scolv	
  	
  

HR-­‐topographic	
  map	
  
for	
  CH	
  region	
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Event	
  review	
  with	
  scolv	
  	
  

Trigger 
BK 

Predicted Picks 
Manual Pick 

Pick uncertainty 
Component	
  rota0on	
  

for	
  S-­‐picking	
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Event	
  review	
  with	
  scolv	
  	
  

Manual Pick 
SM stations not used for automatic detection 
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Event	
  review	
  with	
  scolv	
  	
  

Trigger BK 

Manual Pick 
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Event	
  review	
  with	
  scolv	
  	
  

Husen	
  et	
  al.	
  2003	
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Event	
  review	
  with	
  scolv	
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Event	
  review	
  with	
  scolv	
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Event	
  review	
  with	
  scolv	
  	
  

Op0on	
  to	
  easily	
  
select	
  magnitudes	
  
from	
  different	
  

sta0ons	
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Event	
  review	
  with	
  scolv	
  	
  

Mlh	
  =	
  3.2	
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Event	
  review	
  with	
  scolv	
  	
  

Mlh	
  =	
  2.7	
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Event	
  review	
  with	
  scolv	
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Event	
  review	
  with	
  scolv	
  	
  

>	
  40	
  origins	
  for	
  M=3.0	
  
event.	
  Which	
  is	
  used	
  for	
  
aler0ng?	
  Crucial	
  to	
  have	
  

loca0on	
  quality	
  for	
  
*autoloc	
  AND	
  *reloc	
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Event	
  review	
  with	
  scolv	
  	
  

Take-­‐off	
  angles:	
  
-­‐ At	
  the	
  moment	
  in	
  1D	
  model	
  
-­‐	
  In	
  future	
  in	
  3D	
  model	
  (NonLinLoc)	
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Event	
  review	
  with	
  scolv	
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SED	
  Developments	
  &	
  Contribu0ons:	
  Pipeline	
  Op0miza0on	
  	
  	
  

Direct	
  SED	
  Developments	
  &	
  Contribu0ons	
  to	
  SC3	
  (FINISHED):	
  

• 	
  Baer-­‐Kradolfer	
  Picker	
  plugin	
  

• 	
  Mlh	
  plugin	
  (Ml	
  from	
  horizontal	
  components)	
  

Ongoing	
  tes0ng:	
  Data	
  Mining	
  of	
  the	
  exis0ng	
  databases	
  (approx.	
  1	
  year	
  of	
  data)	
  
instead	
  of	
  single	
  play-­‐backs.	
  

• 	
  Benchmark	
  test	
  for	
  different	
  pipelines	
  (latency,	
  precision,	
  etc.)	
  

• 	
  Assess	
  strategies	
  for	
  automa3c	
  loca3on	
  quality	
  (crucial	
  for	
  automa3c	
  aler3ng)	
  for	
  
autoloc	
  as	
  well	
  as	
  reloc	
  modules.	
  Adopt	
  strategy	
  from	
  old	
  system	
  (quality	
  defined	
  by	
  
sta3on	
  residuals).	
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SED	
  Developments	
  &	
  Contribu0ons:	
  SC3	
  Waveform	
  Parameteriza0on	
  Module	
  

Automa3c	
  Genera3on	
  of	
  ShakeMaps	
  

SC3	
  waveform	
  parameteriza0on	
  
module	
  in	
  the	
  framework	
  of	
  the	
  NA3	
  
NERA	
  Project:	
  

• 	
  Populate	
  SM	
  database	
  with	
  relevant	
  
ground	
  mo3on	
  parameters	
  (PGV,	
  
PGA,	
  response	
  spectra,	
  etc.)	
  in	
  near	
  
real-­‐3me	
  for	
  e.g.	
  engineering	
  
purposes.	
  

• 	
  Input	
  for	
  USGS	
  style	
  ShakeMap	
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SED	
  Developments	
  &	
  Contribu0ons:	
  SC3	
  Waveform	
  Parameteriza0on	
  Module	
  

SC3	
  waveform	
  parameterisa0on	
  module.	
  Developed	
  by	
  SED+GNS+GA	
  &	
  GEMPA	
  
Presently	
  under	
  tes3ng	
  at	
  SED.	
  

Waveform	
  extrac3on	
  for	
  
	
  SM	
  and	
  BB	
  data	
  

Processing	
  scheme	
  
Computa3on	
  of	
  engineering	
  

parameters	
  

• 	
  Scheduling	
  
	
  -­‐	
  automa3c	
  start	
  
	
  -­‐	
  offline	
  start	
  

• 	
  Waveform	
  query	
  
	
  -­‐	
  magnitude	
  
	
  -­‐	
  distance	
  

• 	
  Check	
  on	
  new	
  waveforms	
  
• 	
  Selec3on	
  of	
  waveforms	
  to	
  	
  
	
  	
  	
  be	
  processed	
  

-­‐ 	
  satura3on	
  check	
  
-­‐ 	
  sta/lta	
  check	
  
-­‐ 	
  co-­‐loca3on	
  check	
  

• 	
  Differen3a3on	
  of	
  velocity	
  	
  	
  	
  
	
  	
  	
  traces	
  

• 	
  Adershock	
  removal	
  
• 	
  Pre-­‐event	
  cut-­‐off	
  
• 	
  Baseline	
  removal	
  
• 	
  Res3tu3on	
  /	
  sensi3vity	
  	
  
• 	
  	
  	
  correc3on	
  
• 	
  Causal	
  bandpass	
  filtering	
  
• 	
  Computa3on	
  of	
  PGA	
  
• 	
  Integra3on	
  
• 	
  Computa3on	
  of	
  PGV	
  
• 	
  Processed	
  waveform	
  	
  	
  
	
  	
  archival	
  (op3onal)	
  

• 	
  Displacement	
  response	
  	
  	
  
	
  	
  	
  spectra	
  
• 	
  Pseudo-­‐accelera3on	
  	
  
	
  	
  response	
  spectra	
  
• 	
  Dura3on	
  based	
  on	
  Arias	
  	
  
	
  	
  	
  intensity	
  
• 	
  USGS	
  Shakemap	
  input	
  

• 	
  Prototype	
  module	
  developed	
  by	
  GEMPA	
  

• 	
  Under	
  tes3ng	
  at	
  the	
  SED	
  right	
  now	
  

• 	
  At	
  the	
  moment	
  results	
  as	
  log-­‐files	
  and	
  ShakeMap	
  XML	
  

• 	
  Module	
  will	
  be	
  distributed	
  once	
  tes3ng	
  is	
  finished	
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• 	
  Rapid	
  early	
  warning	
  module	
  using	
  the	
  Virtual	
  Seismologist	
  (VS)	
  algorithm	
  

• 	
  Downstream	
  visualiza3on	
  sodware	
  for	
  quick	
  event	
  review,	
  quality	
  control,	
  etc.	
  (python	
  +	
  	
  
obspy,	
  mathplotlib).	
  

• 	
  Planed:	
  Extend	
  post-­‐pickers	
  (automa3c	
  pick	
  quality,	
  S-­‐picker,	
  etc.)	
  

Outlook	
  &	
  Outstanding	
  Problems	
  

SED	
  developments	
  &	
  contribu0ons	
  to	
  SC3	
  under	
  development:	
  

• 	
  Database	
  issues	
  and	
  event	
  merging	
  from	
  qfeed2.	
  Populate	
  database	
  with	
  exis3ng	
  catalog.	
  

• 	
  Improvement	
  of	
  event	
  merging	
  with	
  scevent	
  (different	
  pipelines,	
  different	
  picker)	
  

• 	
  Improved	
  strategies	
  for	
  automa3c	
  loca3on	
  quality	
  and	
  aler3ng	
  (when	
  to	
  release	
  events)	
  

• 	
  Test	
  of	
  automa3c/manual	
  MT	
  module	
  (local/regional	
  events	
  M	
  >	
  3.5)	
  

• 	
  Migrate	
  towards	
  final	
  IT	
  setup	
  

Outstanding	
  problems	
  to	
  be	
  solved	
  before	
  used	
  as	
  primary	
  produc0on	
  system:	
  



SC3UG2011	
  |	
  SC3	
  at	
  the	
  Swiss	
  Na3onal	
  Seismic	
  Network	
  

Planned	
  SC3	
  produc3on	
  
system	
  at	
  SED:	
  Parallel	
  
produc3on	
  	
  	
  

Outlook	
  &	
  Outstanding	
  Problems	
  


