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Purpose	

•  TesOng	
  5	
  one-­‐day	
  CSEP	
  models	
  
against	
  	
  the	
  M9	
  Tohoku	
  sequence	
  

–  ETES	
  (Falcone	
  et	
  al.	
  2010)	
  
»  Simple	
  ETAS	
  version	
  	
  
»  LocaOon-­‐independent	
  model	
  
parameters	
  

–  ERS	
  (Falcone	
  et	
  al.	
  2010)	
  
»  ETES	
  +	
  Rate-­‐&-­‐State	
  fricOon	
  law	
  	
  

–  ETAS	
  (Zhuang	
  2011)	
  
»  Forecast	
  through	
  simulaOon	
  
»  LocaOon-­‐independent	
  parameters	
  

–  HIST-­‐ETAS5pa	
  (Ogata	
  2011)	
  	
  
»  SpaOally-­‐varying	
  model	
  parameters	
  	
  
»  Anisotropic	
  spaOal	
  clustering	
  

–  HIST-­‐ETAS7pa	
  (Ogata	
  2011)	
  	
  
»  Same	
  as	
  5pa	
  model	
  
»  p	
  (decay	
  rate)	
  and	
  q	
  (spaOal	
  kernel)	
  
are	
  locaOon-­‐independent	
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Data	
  used	

•  Difference	
  from	
  the	
  original	
  CSEP	
  

–  Adding	
  a	
  preliminary	
  JMA	
  (P-­‐JMA)	
  
catalog	
  

»  Incomplete	
  but	
  available	
  
immediately	
  

»  First	
  step	
  toward	
  operability-­‐
oriented	
  forecasOng	
  

–  Combined	
  JMA/P-­‐JMA	
  catalog	
  	
  
»  P-­‐JMA	
  catalog	
  (1	
  Dec.	
  2011~27	
  Mar.	
  
2012)	
  

»  Finalized	
  catalog	
  (~	
  30	
  Nov.	
  2011	
  )	
  	
  
»  Use	
  for	
  learning	
  and	
  observaOon	
  
data	
  

d≤60km 
  Background 
  Foreshocks 
  Aftershocks	




Rules	

•  See	
  Hirata’s	
  talk	
  (CSEP	
  ac/vity	
  in	
  Japan)	
  
•  Predicts	
  the	
  number	
  of	
  earthquakes	
  in	
  
each	
  space-­‐Ome-­‐magnitude	
  bin	
  	
  

–  Space:	
  20062	
  cells	
  of	
  0.1	
  x	
  0.1°	
  	
  
–  Time:	
  8,	
  9,	
  10,	
  …,	
  27	
  March,	
  2011	
  
– Magnitude:	
  5.0,	
  5.1,	
  …,	
  9.0	
  

•  Consistency	
  evaluaOon	
  
–  N(umber)-­‐test:	
  δ1	
  &	
  δ2	
  scores	
  	
  

»  If	
  δ1	
  is	
  very	
  small,	
  the	
  forecast	
  rate	
  is	
  
too	
  low	
  (an	
  underesOmaOon)	
  	
  

»  If	
  δ2	
  is	
  very	
  small,	
  it	
  is	
  too	
  high	
  (an	
  
overesOmaOon)	
  	
  

–  S(pace)-­‐test:	
  ζ	
  score	
  
– M(agnitude)-­‐test:	
  κ	
  score	
  
–  Significance	
  level:	
  2.5%	
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Assessment	
  of	
  one-­‐day	
  forecast	
  models	
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Why	
  Ome	
  delay?	

•  Improving	
  forecast	
  accuracy	
  in	
  acOve	
  seismicity	
  days	
  

–  UpdaOng	
  forecasts	
  more	
  frequently	
  than	
  at	
  one-­‐day	
  intervals	
  
–  Refining	
  a	
  way	
  to	
  simulate	
  immediate	
  secondary	
  arershocks	
  triggered	
  by	
  
arershocks	
  that	
  supposedly	
  occur	
  in	
  the	
  tesOng	
  day	
  

»  SimulaOon	
  introduced	
  by	
  Zhuang	
  (2011)	
  
»  But	
  need	
  to	
  be	
  invesOgated	
  in	
  this	
  approach	
  

	
  



Why	
  underesOmate?	


•  ETAS	
  fiung	
  to	
  seismicity	
  
in	
  the	
  arershock	
  region	
  

–  Extrapolate	
  the	
  trend,	
  
taking	
  the	
  mainshock	
  
M9.0	
  into	
  account	
  

–  The	
  mega-­‐quake	
  has	
  
remarkably	
  high	
  
arershock	
  ferOlity	
  

•  Framework	
  needed	
  
–  UpdaOng	
  at	
  shorter	
  
intervals	
  

–  Flexible	
  revising	
  of	
  
model	
  parameters	
  with	
  
Ome	
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Catalog	
  replacement	
  	
  
•  It	
  is	
  unclear	
  how	
  well	
  models	
  perform	
  scienOfically	
  

–  Replace	
  the	
  P-­‐JMA	
  catalog	
  with	
  the	
  finalized	
  JMA	
  catalog	
  (as	
  of	
  12	
  Dec.	
  
2011)	
  

•  No	
  significant	
  change	
  in	
  both	
  forecast	
  and	
  observaOon	
  
•  No	
  responsibility	
  for	
  the	
  models’	
  general	
  tendency	
  to	
  underpredict	
  
the	
  number	
  of	
  earthquakes	
  

•	
  :	
  Prelim-­‐JMA	
  
o	
  :	
  Final-­‐JMA	
  	
  

Solid:	
  Prelim-­‐JMA	
  
Dashed:	
  Final-­‐JMA	
  



Summary	


•  This	
  study	
  differs	
  from	
  the	
  CSEP	
  tradiOon	
  
–  Use	
  P-­‐JMA	
  catalog,	
  incomplete	
  but	
  immediately	
  available	
  	
  
–  Toward	
  operability-­‐oriented	
  forecasOng	
  

•  Encouragingly,	
  at	
  least	
  one	
  model	
  passed	
  the	
  test	
  in	
  most	
  
combinaOons	
  of	
  the	
  target	
  day	
  and	
  the	
  tesOng	
  method	
  

–  Incomplete	
  data	
  used	
  &	
  No	
  prior	
  info	
  on	
  the	
  mega-­‐quake	
  
–  But,	
  important	
  forecasts	
  right	
  arer	
  the	
  quake	
  are	
  difficult	
  

•  Conclusion	
  unchanged	
  by	
  replacing	
  with	
  finalized	
  catalog	
  
–  The	
  models	
  perform	
  stably	
  over	
  the	
  replacement	
  
–  Further	
  research	
  to	
  assure	
  the	
  reliability	
  of	
  forecasts	
  right	
  arer	
  main	
  quakes	
  	
  

•  Seismicity	
  is	
  expected	
  to	
  remain	
  high	
  in	
  all	
  parts	
  of	
  Japan	
  
–  Urgently	
  promote	
  research	
  on	
  Ome-­‐dependent	
  earthquake	
  predictability	
  to	
  
prepare	
  for	
  subsequent	
  earthquakes	
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