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LF	  synthe,cs	  vs.	  data	  (0.02-‐0.5	  Hz)	  
1.   OVERVIEW	  
	  

We	  developed	  a	  user-‐friendly	  hybridiza;on	  code	  that	  merges	  the	  full-‐wave	  
low-‐frequency	  signals	  with	  stochas;c	  high-‐frequency	  synthe;cs	  to	  simulate	  
broadband	  strong	  ground	  mo;on	  for	  engineering	  applica;ons.	  	  	  
	  

The	   approach	   is	   applied	   to	   reproduce,	   within	   the	   known	   source	   and	  
structure	  constraints,	   the	  Kik-‐NET	  and	  K-‐net	  accelerometric	  data	  recorded	  
during	  the	  2008	  Iwate-‐Miyagi	  Nairiku	  earthquake	  (Mw	  7.0).	  
	  

The	   results	   show	   that	   our	   approach	   is	   able	   to	   simulate	   sa;sfactorily	   the	  
observed	  waveforms	  and	  the	  related	  response	  spectra	  over	  the	  broadband	  
frequency	  range.	  	  

2.	  THE	  2008	  IWATE-‐MIYAGI	  NAIRIKU	  EARTHQUAKE	  

	  The	  earthquake	  (Mw	  7.0)	  occurred	  on	  June	  13,	  2008	  on	  the	  NE	  Honshu	  
Island	  in	  Japan.	  	  

The	   hypocenter	   (39.027°	   N	   -‐	   140.878°	   E)	   is	   at	   a	   depth	   of	   6.5	   km.	   Cultrera	   et	   al.	  
(2013)	  proposed	  as	  source	  a	   rectangular	   fault	   (44.4	  km	  x	  19.0	  km)	  with	  a	   reverse	  
focal	   mechanism	   (str	   =	   209°,	   dip	   =	   40°,	   rake	   =	   105°).	   The	   rupture	   propagates	  
bilaterally.	  Two	  patches	  of	  slip	  distribu;on,	  the	  main	  concentrated	  in	  the	  southern	  
shallow	  part	  of	  the	  fault	  with	  a	  maximum	  value	  of	  about	  5.5	  m	  were	  found	  through	  
waveform	  inversion	  in	  the	  range	  0.02-‐0.5	  Hz.	  
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a.	  Data;	  	  b.	  Test	  1;	  	  c.	  Test	  2.	  	  The	  signals	  are	  normalized	  on	  the	  recordings.	  	  	  

The	  peak	  values	  are	  obtained	  from	  the	  geometrical	  mean	  of	  the	  horizontal	  components.	  	  

PGA	   PGV	  

5.	  CONCLUSIVE	  REMARKS	  

Comparison	   between	   observed	   and	   synthe;c	   velocity	  
response	  spectra:	  the	  figure	  shows	  the	  vector	  addi;on	  of	  
the	  horizontal	  components	  of	  the	  recordings	  (black	   lines)	  
and	  the	  hybrid	  synthe;cs	  simulated	  in	  Test	  1	  (green	  lines)	  
and	  in	  Test	  2	  (red	  lines).	  

	  
The	  match	   between	   synthe;cs	   and	   the	   recorded	  data	   is	   fairly	   good	  	  
and	   the	   strong	   ground	   mo;on	   is	   sa;sfactorily	   reproduced,	   thus	  
valida;ng	  our	  method.	  	  

•  We	   es;mated	   the	   effects	   of	   the	   hybridiza;on	   in	   the	   peak	   and	  
spectral	   parameters	   through	   the	   goodness	   of	   fit	   criteria	   -‐	   GOF	  
(Olsen	  and	  Mayhew,	  2010).	  

•  In	   Test	   1	   the	   mean	   GOF	   values	   (100	   stands	   for	   perfect	   fit)	   are	  
around	  70-‐80	   (very	  good	  fit).	   In	  Test	  2	   	   the	  GOF	   	   range	   is	  50-‐60	  
(fairly	   good	   fit).	   That	   means	   that	   is	   not	   possible	   to	   generate	  
reliable	   broadband	   synthe;cs	   if	   the	   LF	   signals	   are	   not	   well	  
constrained.	  	  

•  If	   we	   disaggregate	   the	   GOF	   values	   related	   to	   different	   ground	  
mo;on	   parameters,	   we	   observe	   that	   PGV	   is	   the	   most	   stable	  
parameter,	  with	  a	  GOF	  ranging	  between	  75	  and	  95	  in	  Test	  1	  that	  	  
decreases	  to	  60-‐85	  in	  Test	  2;	  the	  most	  sensi;ve	  parameter	  is	  PGA	  
with	  GOF	  ranging	  between	  60	  and	  80	  in	  Test	  1	  and	  decreasing	  to	  
40-‐60	   in	  Test	  2.	   The	  fit	  on	   the	   response	   spectra	   is	   slightly	  beder	  
than	  that	  obtained	  for	  the	  PGA	  values	  (the	  GOF	  is	  60-‐90	  Test	  1	  and	  
45-‐80	  for	  Test	  2).	  

•  This	   hybridiza;on	   process	   can	   be	   easily	   applied	   to	   generate	  
broadband	  strong	  ground	  mo;on	  scenarios	  using	  different	  ground	  
mo;on	  modeling	  techniques	  to	  calculate	  the	  LF	  and	  HF	  synthe;cs.	  
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•  TEST	  1:	  merging	  HF	  synthe;cs	  with	  LF	  recordings	  
•  TEST	  2:	  COMPSYN-‐EXSIM	  merging	  	  
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3.	  THE	  BROADBAND	  SYNTHETIC	  SEISMOGRAMS	  	  
	  
The	  broadband	  seismograms	  are	  generated	  in	  three	  steps:	  
1.  Determinis;c	  computa;on	  of	   the	  synthe;cs	   in	   the	   low-‐frequency	  content	   (LF)	  

using	  COMPSYN	  (Spudich	  and	  Xu,	  2003).	  
2.  Stochas;c	   computa;on	   of	   the	   synthe;cs	   in	   the	   high-‐frequency	   content	   (HF)	  

using	  EXSIM	  (Boore,	  2009).	  
3.  Merging	  of	  the	  LF	  and	  HF	  synthe;cs	  at	  fm,	  a	  intermediate	  frequency	  of	  match.	  

	  	  	  	  	  Synthe,c	  Seismograms	  and	  Response	  Spectra	  

Green’s	  Func,on	  Computa,on:	  
COMPSYN	  (Spudich	  and	  Xu,2003	  )	  

Extended	  Source	  Seismograms	  

Source	  Parameters:	  
-‐ 	  Slip	  distribu;on;	  
-‐ 	  Rupture	  Velocity;	  
-‐ 	  Nuclea;on	  points;	  
-‐ 	  Rise	  ;me;	  
-‐ 	  Rake	  angle.	  

Determinis,c	  Parameters	  
-‐	  Structural	  Model;	  
-‐	  Maximum	  Frequency;	  
-‐	  Magnitude;	  
-‐ 	  Fault	  Type;	  
-‐ 	  Geometrical	  Seong.	  

Low-‐frequency	  determinis,c	  (LF)	  

High-‐frequency	  stochas,c	  (HF)	  

Hybrid Approach Proposed 

Source	  Parameters	  
Propaga,on	  Parameters	  High-‐Frequency	  Extrapola,on:	  

EXSIM	  (Boore,	  2009)	  

Inverse	  Fast	  Fourier	  Transform	  

Adding	  white	  noise	  for	  f>fm	  to	  
LF	  envelope	  	  	  

Hybridiza,on	  procedure	  

Phase	  Amplitude	  

Merging	   the	   HF	   and	   LF	   spectra	   at	   fm	  	  
u,lizing	  the	  matching	  filters	  
	  (Mai	  and	  Beroza,	  2003)	  

Scaling	  	  of	  HF	  on	  LF	  spectra	  

Fast	  Fourier	  Transform	  

DATA	   SYNTH	  

LF	  synthe;c	  input:	  	  	  
source	  model	   by	   Cultrera	   et	   al.	   (2013),	   velocity	  model	   by	  
Matsubara	  et	  al.	  (2008)	  and	  STF	  by	  Tin;	  et	  al.	  (2005).	  
HF	  synthe;c	  input:	  
source	   model	   by	   Cultrera	   et	   al.	   (2013)	   and	   propaga;on	  
parameter	  by	  Fujiwara	  et	  al.	  (2009).	  
	  

Data	   Test	  1	   Test	  2	  


