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Accuracy	
  of	
  DeterminisJc	
  Long-­‐period	
  Ground	
  
MoJon	
  PredicJon	
  

Average	
  
goodness-­‐of-­‐fit	
  
(perfect	
  fit	
  =	
  
100)	
  at	
  0.1-­‐0.5	
  
Hz	
  for	
  syntheJcs	
  
relaJve	
  to	
  data.	
  	
  

Comparison	
  of	
  
recorded	
  data	
  	
  
(black	
  traces)	
  
and	
  syntheJcs	
  
(red	
  traces)	
  for	
  
staJon	
  RUS	
  	
  	
  



Ground	
  MoJon	
  PredicJon	
  

•  Low-­‐frequency	
  ground	
  moJon	
  predicJon	
  (<1-­‐2	
  
Hz)	
  reasonably	
  accurate	
  

	
  
•  But	
  what	
  about	
  high-­‐frequency	
  signals	
  >	
  1-­‐2Hz?	
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High-­‐frequency	
  ground	
  moJon	
  
Modeling	
  	
  

•  Requires	
  small-­‐scale	
  complexity	
  
	
  
Ø Source	
  
	
  
Ø Media	
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Source	
  Complexity:	
  Rough	
  Faults	
  

•  	
  Roughness	
  is	
  observed	
  at	
  all	
  scales	
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  (Ben-Zion, 2003) 

(Dunham, 2011) 



Rough	
  Faults	
  

•  	
  Rough	
  fault	
  topography:	
  subfaults	
  follow	
  self-­‐similar	
  
fractal	
  distribuJon	
  for	
  wavelengths	
  from	
  80	
  m	
  to	
  length	
  
of	
  fault	
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  (Shi and Day, 2013) 



Rough	
  Fault	
  RadiaJon	
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Northridge	
  Mw	
  6.7	
  1994	
  Earthquake	
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0-­‐10Hz	
  Northridge	
  Rough	
  Fault	
  Rupture	
  



0-­‐10Hz	
  Northridge	
  Rough	
  Fault	
  Rupture	
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0-­‐10Hz	
  Northridge	
  Rough	
  Fault	
  Rupture	
  

Snapshot	
  of	
  AcceleraJon	
   Strike-­‐parallel	
  PGA	
  



RealisJc	
  Power	
  Spectra	
  
•  Near-­‐flat	
  power	
  spectra	
  up	
  to	
  ~10	
  Hz	
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  (Shi and Day, 2013) 



GFs,	
  Rupture	
  Model	
  

•  SDSU	
  module	
  uses	
  URS	
  kinemaJc	
  rupture	
  generator	
  

























































































Ensembles	
  of	
  Source	
  RealizaJons	
  

•  Introduces	
  uncertainty	
  in	
  esJmates	
  
•  Median	
  of	
  realizaJons	
  comparable	
  to	
  data	
  
•  Vary	
  rupture	
  history	
  (slip,	
  rupture	
  speed,	
  …)	
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Landers	
  
SimulaJon	
  	
  	
  	
  Average	
  Bias	
  
	
  	
  10000040	
  	
  	
  	
  0.145255	
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  10000049	
  	
  	
  	
  0.219801	
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  10000006	
  	
  	
  	
  0.286065	
  
	
  	
  10000024	
  	
  	
  	
  0.290665	
  
	
  	
  10000046	
  	
  	
  	
  0.293202	
  
	
  	
  10000045	
  	
  	
  	
  0.294136	
  
	
  	
  10000007	
  	
  	
  	
  0.296948	
  
	
  	
  10000037	
  	
  	
  	
  0.298380	
  
	
  	
  10000039	
  	
  	
  	
  0.306187	
  
	
  	
  10000025	
  	
  	
  	
  0.307114	
  
	
  	
  10000000	
  	
  	
  	
  0.325274	
  
	
  	
  10000038	
  	
  	
  	
  0.327012	
  
	
  	
  10000035	
  	
  	
  	
  0.335134	
  
	
  	
  10000029	
  	
  	
  	
  0.354691	
  
	
  	
  10000015	
  	
  	
  	
  0.355555	
  
	
  	
  10000005	
  	
  	
  	
  0.356290	
  
	
  	
  10000032	
  	
  	
  	
  0.356825	
  
	
  	
  10000026	
  	
  	
  	
  0.361262	
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  |GOF|	
  Landers	
   Largest	
  |GOF|	
  Landers	
  

@"-*2#3%

Ensemble	
  Average	
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Media	
  Complexity	
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Small-­‐scale	
  Media	
  Heterogeneity	
  

•  Scaiering	
  in	
  earth’s	
  crust	
  
is	
  known	
  to	
  effect	
  seismic	
  
ground	
  moJon	
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(Frankel and Clayton, 1986) 



Media	
  Complexity	
  

In 3D, a fractal 
distribution has a high 
wave-number decay of 
the power spectrum P(k) 
as: 
 
 
              
where H is the Hurst 
number, kcorner is a wave 
number below which the 
spectrum is 
approximately constant 



Small-­‐scale	
  HeterogeneiJes,	
  	
  
CVM,	
  Q	
  Tests	
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IllustraJon	
  of	
  Scaiering	
  Effects	
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Scaiering	
  on	
  BBP	
  

•  DeterminisJc	
  calculaJon	
  of	
  small-­‐scale	
  scaiering	
  
computaJonally	
  expensive,	
  hours	
  on	
  largest	
  
supercomputers	
  

•  Instead,	
  we	
  approximate	
  high-­‐frequency	
  scaiering	
  
by	
  analyJcal	
  expressions	
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MulJple	
  S-­‐S	
  Scaiering	
  

scattering Green’s function. The section closes with a short
description on the combination of HF seismograms and LF
seismograms that optimizes the matching of amplitude and
phase spectra.

Theory of Multiple S-to-S Scattering

For calculating the site-specific scattering contribution,
we apply the seismic-wave scattering theory for multiple
S-to-S scattering (Zeng et al., 1991; Zeng, 1993). Starting
from the general energy equation in a medium with unper-
turbed background velocity v and random scatterers, Zeng
et al. (1991) separate the incident wave-energy equation
from the wave-energy equation for incoherently scattered
waves. The scattering properties of the medium are charac-
terized by uniformly distributed, random isotropic scatterers
of density n0. The scattering-wave energy can then be com-
puted as the product of the scattering cross section σ, the
wave-energy density at the scattering point, and the geo-
metric spreading factor, as well as the energy redistribution
due to elastic-wave scattering (ηs) and the intrinsic attenua-
tion due to energy dissipation (ηi) occurring along the wave
paths from the scattering point to the receiver. The total scat-
tering coefficient (η ! ηs " ηi ! n0 · σ) is related to the
extinction distance Le (e.g., Mayeda et al., 1992; Sato and
Fehler, 1998), as Le ! 1=#ηs " ηi$. Le quantifies the dis-
tance at which the primary S-wave energy is decreased by
1=e. Hence, ηs and ηi have units of inverse distance. The
scattering parameters can be recast in terms of quality
factors, such that Q%1

s ! ηs=k and Q%1
i ! ηi=k, where k

is the wavenumber.
Because the seismic scattering occurs within a volume V

that includes both the source and the site, the total scattering
energy is determined by integrating the contributions from
all scattering points in V. A compact integral solution for
the scattered wave-energy equation has been derived by
Zeng et al. (1991) for an unbounded 3D medium; their equa-
tion 24 quantifies the energy envelope of S-to-S scattered
waves as

E#~r; t$ !
δ#t % r

v$e
%ηvt

4πvr2
"

X2

n!1

En#~r; t$ "
!Z

"∞

%∞
eiΩ

2π
dΩ

×
Z ∞

0

#ηsk $
3 × &tan%1# k

η"iΩ=v$'
4 × sin#kr$

2π2vr&1 % ηs
k tan

%1# k
η"iΩ=v$'

dk

"
; (1)

where r is distance, t is time, and v is the seismic velocity of
the medium (iΩ arises due to changing from the Laplace do-
main to the Fourier transform solution with respect to time;
see Zeng et al. (1991) for details). The first term in equation 1
denotes the direct arrival, while the second term ΣEn

captures the single-scattering energy (n ! 1) and double-
scattering (n ! 2) energy; analytical solutions for E1#r; t$
and E2#r; t$ are given in Zeng et al., 1993, equations 21
and 22. The third contribution comprises the multiple-
scattered-wave energy in the medium. Equation 1 thus pro-

vides the temporal energy decay of multiply isotropic
backscattered waves in a uniform random medium for an
impulsive source.

Because scattered waves arrive from all directions with-
in the scattering volume V, Zeng et al. (1991) assumed iso-
tropic radiation for direct waves, thus effectively removing
radiation-pattern effects from the source. However, this
can be accounted for by rescaling the energy equation (equa-
tion 1) with an average radiation coefficient (0:85), while a
bounded medium can be considered by introducing a free-
surface factor (

###
2

p
; Zeng et al., 1995). Numerical experi-

ments show that multiple backscattering becomes important
as the scattering coefficient η increases; the resulting energy-
decay curves will decrease more slowly, leading to longer
and more pronounced coda-wave energy (Zeng et al., 1991).
Note that equation 1 assumes S-to-S scattering only and does
not include surface-wave scattering.

For applying equation 1 to high-frequency ground-
motion simulations, Zeng et al. (1995) propose a few
modifications. While scattered waves arriving just prior to
the S wave are dominated by S-to-P converted waves, which
can be fully accounted for by computing the scattering
conversion between P-waves and S-waves (Zeng, 1993),
an approximation with single S-to-P scattering conversion
(Sato, 1977) is given as

Esp#~r; t$ !
ηspe%ηβt

4πrαt
ln
~r=#βt$ " 1

~r=#βt$ % 1
; (2)

where α and β denote the P-wave and S-wave velocities,
respectively (Zeng et al., 1995). For a Poisson solid, Zeng
(1993) shows that ηsp ! ηs#β=α$4 ≈ 0:11ηs and that the
P-to-S and S-to-P scattering conversion energies behave as
EP%S ! ES%P. Moreover, because scattered P waves after
the S-wave arrival are rapidly converted into scattered S
waves, S-to-S scattering will dominate (Aki, 1992). Hence,
the wave field of scattered body waves is well approximated
by multiple S-to-S backscattering (Zeng et al., 1995).
Equations 1 and 2 thus define the wave-energy decay with
time, parameterizing the coda-wave envelope due to body-
wave scattering. Surface-wave scattering is not explicitly
incorporated into equation 1 or equation 2, although it could
potentially be important at distant sites due to the character-
istic 1=

###
r

p
decay of surface-wave amplitudes. However,

S-to-S scattered wave energy will interact also with poten-
tially occurring long-period surface waves; in such cases,
we expect that the long-duration S-to-S coda adequately
approximates surface-wave scattering.

Calculation of Site-Specific Scattering Operators

For computing site-specific scattering contributions to
the total wave field, we assume that scattering originates
at the hypocenter of the earthquake, a simplification justified
for small-to-moderate size earthquakes or, more generally,
for the far-field regime. For large extended-fault ruptures

2126 P. M. Mai, W. Imperatori, and K. B. Olsen

Zeng	
  et	
  al.,	
  1991,	
  1993	
  



Scaiering/aienuaJon	
  Parameters	
  

•  η=ηs+ηi	
  

•  Le=1/(ηs+ηi)	
  	
  exJncJon	
  distance	
  (primary	
  S-­‐
wave	
  energy	
  decreased	
  to	
  1/e)	
  

•  1/Qs=ηs/k	
  
•  1/Qi=ηi/k	
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Ø Hybrid	
  broadband	
  seismograms	
  are	
  calculated	
  
from	
  low-­‐frequency	
  determinisJc	
  syntheJcs	
  and	
  
high-­‐frequency	
  scaierograms	
  

BBtoolbox	
  V1.5	
  

D
ep

th
 (k

m
)

Reference

 

 

0 5 10 15

0

5 500
1000
1500
2000

D
ep

th
 (k

m
)

Hurst 0.5, σ 5%

 

 

0 5 10 15

0

5 500
1000
1500
2000

Distance (km)

D
ep

th
 (k

m
)

Hurst 0.5, σ 10%

 

 

0 5 10 15

0

5 500
1000
1500
2000

D
ep

th
 (k

m
)

Reference (0 km Depth)

 

 

0 5 10 15
4

6

8

10

12

14

16

18

250

300

350

Distance (km)

D
ep

th
 (k

m
)

Hurst 0.5, σ 5% (0 km Depth)

 

 

0 5 10 15
4

6

8

10

12

14

16

18

250

300

350

Distance (km)

D
ep

th
 (k

m
)

Hurst 0.5, σ 10% (0 km Depth)

 

 

0 5 10 15
4

6

8

10

12

14

16

18

250

300

350

Assumes	
  that	
  the	
  high-­‐
frequency	
  component	
  of	
  
recorded	
  seismic	
  signals	
  can	
  
be	
  modeled	
  as	
  the	
  scaiering	
  
contribuJon	
  from	
  random	
  
media	
  



Basic	
  Principles	
  of	
  BBtoolbox	
  
Ø  Scaiering	
  Green’s	
  funcJons	
  computed	
  for	
  each	
  component	
  of	
  moJon	
  

based	
  on	
  Zeng	
  et	
  al.	
  (1991,	
  1993)	
  and	
  P	
  and	
  S	
  arrivals	
  from	
  3D	
  ray	
  
tracing	
  (Hole,	
  1992)	
  convolved	
  with	
  a	
  dynamically-­‐consistent	
  source-­‐
Jme	
  funcJon	
  

Ø  Site-­‐scaiering	
  parameters	
  (scaiering	
  and	
  aienuaJon	
  coefficient,	
  site	
  
kappa,	
  intrinsic	
  aienuaJon)	
  are	
  taken	
  from	
  the	
  literature	
  and	
  are	
  
partly	
  based	
  on	
  the	
  site-­‐specific	
  velocity	
  structure	
  

Ø  Assuming	
  scaiering	
  operators	
  and	
  moment	
  release	
  originate	
  
throughout	
  the	
  fault,	
  but	
  starts	
  at	
  the	
  hypocenter	
  

Ø  Hybrid	
  broadband	
  seismograms	
  are	
  calculated	
  from	
  low-­‐frequency	
  and	
  
high-­‐frequency	
  syntheJcs	
  in	
  the	
  frequency	
  domain	
  using	
  a	
  
simultaneous	
  amplitude	
  and	
  phase	
  matching	
  algorithm	
  (Mai	
  and	
  
Beroza,	
  2003)	
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Mai	
  et	
  al.	
  (2010)	
  LF-­‐HF	
  Merging	
  	
  

•  HFs	
  scaled	
  to	
  LFs	
  within	
  a	
  user-­‐chosen	
  (small)	
  
bandwidth	
  (usually	
  1Hz)	
  

•  RaJonale	
  behind	
  methods	
  includes	
  desire	
  to	
  
minimize	
  mismatch	
  at	
  merging	
  frequency	
  

•  However,	
  the	
  accuracy	
  of	
  this	
  technique	
  
depends	
  criJcally	
  on	
  the	
  LFs	
  

•  When	
  1D	
  GFs	
  are	
  used,	
  this	
  method	
  is	
  not	
  
sufficiently	
  accurate	
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V1.5	
  Merging	
  Technique	
  
•  ‘Anchoring’	
  the	
  HFs	
  to	
  an	
  esJmate	
  of	
  the	
  acceleraJon	
  

amplitude	
  spectrum	
  at	
  1Hz:	
  
•  Ai(f)	
  =	
  Cij	
  Si(f)	
  Gij(f)	
  P(f),	
  where	
  
•  Cij=Fs	
  Rpij/[4πρiβi3]	
  (radiaJon	
  scale	
  factor)	
  
•  Si=mi(Mo/N](2πf)2[1+F(f/fci)2]-­‐1	
  (source	
  radiaJon	
  term)	
  

•  mi=diμiAT/Mo	
  (average	
  subfault	
  moment)	
  
•  F=Mo/[N	
  strfac	
  dl3]	
  (subfault	
  scaling	
  factor)	
  
•  Fci=coVRi/[αTπdl]	
  (subfault	
  corner	
  frequency)	
  
•  Gij(f)=Ii(f)*exp(-­‐π	
  f1-­‐fdec	
  Σtijk/qk)*/rij	
  (path	
  term)	
  
•  qk=afac+bfac*Vs	
  
•  P(f)=exp(-­‐πκf)	
  

Modified	
  from	
  Graves	
  and	
  Pitarka	
  (2010)	
  



Region-­‐specific	
  (Input)	
  Parameters	
  

•  a	
  +	
  b	
  *	
  Vs	
  (scaling	
  of	
  HF	
  only)	
  
•  Qofn	
  

•  kappa	
  
•  strfac	
  

•  From	
  srf	
  file:	
  Mw,	
  nsub,	
  subfault	
  areas,	
  strike,	
  
dip,	
  hypocenter	
  locaJon	
  

	
  



Fixed	
  Parameters	
  

•  Scaiering	
  Coefficient	
  (uniform	
  0.005	
  –	
  0.05)	
  
•  AbsorpJon	
  Coefficient	
  (0.03)	
  
•  Number	
  of	
  Scaiering	
  Wavelets	
  (1500)	
  
•  Number	
  of	
  Points	
  in	
  Coda	
  Envelope	
  (500)	
  
•  Seed	
  Number	
  (3000)	
  



Scenario-­‐specific	
  (calculated)	
  Parameters	
  

•  Tr_fac	
  (determines	
  rise	
  Jme,	
  calculated	
  from	
  moment)	
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S(t)=t0.5	
  (1+t/t0)-­‐2	
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  *	
  Tr	
  
Tr=αT	
  2.03*Mw

1/3	
  /109	
  
	
   	
  	
  1	
  	
  	
  	
  	
  	
  	
  	
  δ	
  >	
  70o	
  

αT=	
  
	
   	
  	
  0.82	
  	
  	
  	
  δ	
  <	
  55

o
	
  	
  	
  	
  

	
  

HF	
  Source-­‐Jme	
  FuncJon	
  Scaling	
  



	
  
	
  

Region-­‐specific	
  (variable)	
  Parameters:	
  
	
  

Parameters	
  

a	
  +	
  b	
  *	
  Vs	
  (HF	
  scaling	
  only)	
   41	
  +	
  34	
  *	
  Vs	
  

Qofn	
   150	
  f	
  0.8	
  

kappa	
   0.04	
  

strfac	
   50	
  bars	
  



SyntheJc	
  Seismograms	
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DuraJon,	
  other	
  features	
  depend	
  on	
  specific	
  HF	
  method!	
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Ensemble	
  Averages	
  

Mineral Mineral

Riviere du Loup Riviere du Loup

Saguenay Saguenay
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0.1	
  s	
  

0.5	
  s	
  

0.2	
  s	
  

Self	
  Assessment	
  SupporJng	
  InformaJon	
  for	
  >Mw7.3:	
  	
  M8	
  Generally	
  
Agrees	
  with	
  GMPEs	
  	
  



PotenJal	
  Issues	
  for	
  Mw>8.0	
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0.1	
  s	
  

0.5	
  s	
  
	
  

0.2	
  s	
  0.2	
  s	
  Mw8.4	
  
(same	
  scale	
  as	
  for	
  Mw8.0)	
  

0.2	
  s	
  Mw8.4	
  
(different	
  scale)	
  

0.2	
  s	
  Mw8.0	
  



Self	
  Assessment	
  –	
  Expected	
  Performance	
  
!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!SDSU!Module!('Bbtoolbox')

Magnitude [0.01%0.1]'s ]0.1%1]'s ]1%3]'s >'3s* Expected!Performance!Level

5%6 Expected'to'work Expected'to'work Expected'to'work Expected'to'work Expected'to'work

6%7 Expected'to'work Expected'to'work Expected'to'work Expected'to'work Not'sure'/'poten>al'issues

7%8 Expected'to'work Expected'to'work Expected'to'work Expected'to'work Definite'issues

>8 Not'sure''/'poten>al'issues Not'sure''/'poten>al'issues Not'sure'/'poten>al'issues Not'sure'/'poten>al'issues *'dependent'on'rupture'generator'accuracy'>5s

5%6 Expected'to'work Expected'to'work Expected'to'work Expected'to'work

6%7 Expected'to'work Expected'to'work Expected'to'work Expected'to'work

7%8 Expected'to'work Expected'to'work Expected'to'work Expected'to'work

>8 Not'sure'/'poten>al'issues Not'sure'/'poten>al'issues Not'sure'/'poten>al'issues Not'sure'/'poten>al'issues

5%6 Expected'to'work Expected'to'work Expected'to'work Expected'to'work

6%7 Expected'to'work Expected'to'work Expected'to'work Expected'to'work

7%8 Expected'to'work Expected'to'work Expected'to'work Expected'to'work

>8 Not'sure'/'poten>al'issues Not'sure'/'poten>al'issues Not'sure'/'poten>al'issues Not'sure'/'poten>al'issues

Reverse'(REV) Expected'to'work Expected'to'work Expected'to'work Expected'to'work

Reverse%Oblique'(ROBL) Expected'to'work Expected'to'work Expected'to'work Expected'to'work

Strike%Slip'(SS) Expected'to'work Expected'to'work Expected'to'work Expected'to'work

Normal'(NM) Expected'to'work Expected'to'work Expected'to'work Expected'to'work
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Computer	
  Exercises	
  

•  Running	
  BBtoolbox	
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Computer	
  Exercises	
  
1)	
  	
  Northridge	
  SRC	
  file,	
  SoCal	
  velocity	
  structure,	
  5	
  staJons	
  within	
  40	
  km	
  of	
  

fault	
  	
  (Epicentral	
  distance	
  is	
  limited	
  so	
  that	
  Green’s	
  funcJons	
  are	
  
computed	
  for	
  less	
  Jme.)	
  This	
  fault	
  has	
  top	
  of	
  rupture	
  at	
  5.0	
  km.	
  Choose	
  5	
  
staJons	
  that	
  are	
  distributed	
  at	
  various	
  distances	
  from	
  fault	
  and	
  various	
  
azimuths	
  (Figure	
  1).	
  	
  
–  Students	
  will	
  compute	
  3-­‐component	
  Jme	
  histories,	
  Fourier	
  amplitude	
  

spectrum	
  (FAS),	
  and	
  response	
  spectrum.	
  	
  
–  Plot	
  the	
  3-­‐components	
  of	
  ground	
  moJon	
  at	
  each	
  site	
  using	
  the	
  data.	
  
–  At	
  the	
  same	
  scale	
  as	
  part	
  b,	
  plot	
  the	
  3-­‐components	
  of	
  syntheJc	
  ground	
  

moJon.	
  	
  
–  Compute	
  the	
  FAS	
  for	
  each	
  component	
  of	
  the	
  data	
  and	
  plot	
  on	
  log-­‐log	
  scale.	
  
–  Compute	
  the	
  FAS	
  for	
  each	
  component	
  of	
  the	
  syntheJc	
  and	
  plot	
  on	
  log-­‐log	
  

scale.	
  
–  Compare	
  response	
  spectrum	
  from	
  syntheJc	
  with	
  that	
  from	
  GMPE	
  (overlay	
  

two	
  plots).	
  	
  
–  For	
  students	
  own	
  homework,	
  run	
  a	
  different	
  realizaJon	
  of	
  the	
  kinemaJc	
  

model	
  and	
  compare	
  with	
  the	
  results	
  from	
  parts	
  c	
  and	
  d.	
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Computer	
  Exercises	
  
2)	
  Northridge,	
  but	
  SRC	
  file	
  will	
  have	
  fault	
  coming	
  to	
  the	
  
surface,	
  SoCal	
  velocity	
  structure,	
  5	
  staJons	
  within	
  40	
  
km	
  of	
  fault.	
  The	
  dip	
  here	
  should	
  be	
  same	
  as	
  that	
  for	
  Ex.
1.	
  However,	
  this	
  fault	
  has	
  top	
  of	
  rupture	
  at	
  0.0	
  km.	
  
Students	
  can	
  see	
  the	
  difference	
  of	
  surface	
  vs	
  buried	
  
rupture.	
  	
  
–  Students	
  to	
  compute	
  3	
  component	
  Jme	
  histories,	
  FAS,	
  and	
  
response	
  spectrum	
  at	
  the	
  same	
  5	
  staJons	
  chosen	
  in	
  
Exercise	
  1.	
  	
  

–  Compare	
  response	
  spectrum	
  from	
  syntheJc	
  with	
  that	
  
from	
  GMPE	
  (overlay	
  two	
  plots).	
  	
  

–  Compare	
  ground	
  moJons	
  between	
  surface	
  rupture	
  (Ex.	
  1)	
  
and	
  buried	
  rupture.	
  Plot	
  syntheJcs	
  from	
  this	
  exercise	
  (Ex.	
  
2)	
  and	
  those	
  from	
  Ex.	
  1	
  on	
  the	
  same	
  plot.	
  Use	
  SAC.	
  

92	
  



Computer	
  Exercises	
  

3)	
  Strike	
  slip,	
  M	
  6.6,	
  SoCal	
  velocity	
  structure,	
  
surface	
  rupture,	
  5	
  staJons.	
  All	
  staJons	
  are	
  
located	
  20	
  km	
  from	
  the	
  fault.	
  Hypocenter	
  is	
  
random.	
  	
  
– Compute	
  3-­‐component	
  Jme	
  histories,	
  FAS,	
  and	
  
response	
  spectrum	
  for	
  each	
  staJon.	
  	
  

– Compare	
  response	
  spectrum	
  from	
  syntheJc	
  with	
  
that	
  from	
  GMPE	
  (overlay	
  two	
  plots).	
  	
  

–  If	
  you	
  have	
  Jme,	
  repeat	
  parts	
  a	
  and	
  b	
  with	
  a	
  
different	
  realizaJon.	
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5	
  StaJon	
  LocaJons	
  

94	
  



StaJon	
  LocaJons	
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BB	
  simulaJons	
  
/home/cme/CME/bbp/bbp_sims	
  

BB	
  simulaJons	
  are	
  created	
  under	
  bbp_sims	
  



input	
  files	
  
/home/cme/CME/bbp/bbp_sims/indata/	
  

Input	
  files	
  for	
  BBtoolbox	
  code	
  are	
  created	
  under	
  bbp_sims/indata/	
  



input	
  files:	
  *_nr_v13_3_1-­‐summerschool.bbpar	
  
/home/cme/CME/bbp/bbp_sims/indata/	
  

*.bbpar	
  file:	
  	
  



input	
  files:	
  bbtstaJons_nr_v14_4_1-­‐summerschool.dat	
  
/home/cme/CME/bbp/bbp_sims/indata/	
  

staJon	
  file:	
  	
  



input	
  files:	
  extended_fault	
  
/home/cme/CME/bbp/bbp_sims/indata/	
  

extended	
  fault	
  file:	
  	
  



input	
  files:	
  scaiering.dat	
  
/home/cme/CME/bbp/bbp_sims/indata/	
  

scaiering.dat	
  file:	
  	
  



input	
  files:	
  sdsu-­‐apr2013-­‐labasin-­‐vmod.txt	
  
/home/cme/CME/bbp/bbp_sims/indata/	
  

velocity	
  model	
  file:	
  	
  



input	
  files:	
  xyz_nr_v14_02_1.srf	
  
/home/cme/CME/bbp/bbp_sims/indata/	
  

srf	
  file:	
  	
  



tmp	
  files	
  	
  
/home/cme/CME/bbp/bbp_sims/tmpdata/	
  

LFs	
  are	
  saved	
  under	
  tmpdata.bbtoolbox_nr_v13_3_1-­‐summerschool:	
  	
  



tmp	
  files:	
  LFs	
  (*-­‐lf.bbp)	
  	
  
/home/cme/CME/bbp/bbp_sims/tmpdata/1781375/

bbtoolbox_nr_v14_4_1-­‐summerschool/	
  

LFs	
  are	
  saved	
  under	
  tmpdata.bbtoolbox_nr_v13_3_1-­‐summerschool/*-­‐lf.bbp:	
  	
  



tmp	
  files:	
  LFs	
  (*-­‐lf.bbp)	
  	
  
/home/cme/CME/bbp/bbp_sims/tmpdata/1781375/

bbtoolbox_nr_v14_4_1-­‐summerschool/	
  

an	
  example	
  of	
  LFs	
  :	
  	
  



tmp	
  files:	
  run.log	
  
/home/cme/CME/bbp/bbp_sims/tmpdata/1781375/

bbtoolbox_nr_v14_4_1-­‐summerschool/	
  

run.log	
  are	
  saved	
  under	
  tmpdata.bbtoolbox_nr_v13_3_1-­‐summerschool:	
  	
  



scaiering_generic.dat	
  
/home/cme/CME/bbp/14.3.0/mod_data/sdsu/	
  

users	
  can	
  change	
  parameters	
  in	
  scaiering_generic.dat:	
  	
  



src	
  and	
  staJon	
  files	
  
/home/cme/CME/bbp/bbp_sims/start	
  

users	
  can	
  save	
  own	
  src	
  file	
  and	
  staJon	
  file	
  (*.stl)	
  in	
  the	
  start	
  directory:	
  
	
  	
  	
  add/extract	
  staJons	
  from	
  the	
  *.stl	
  file.	
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/home/cme/CME/bbp/bbp_val/NR/gp/nr_v14_02_1.src	
  
	
  	
  	
  	
  

Running	
  Genslip	
  



Ø Scaiering	
  Green’s	
  funcJons	
  computed	
  for	
  each	
  component	
  of	
  moJon	
  based	
  on	
  Zeng	
  et	
  al.	
  (1991,	
  
1993)	
  and	
  P	
  and	
  S	
  arrivals	
  from	
  3D	
  ray	
  tracing	
  (Hole,	
  1992)	
  convolved	
  with	
  a	
  dynamically-­‐consistent	
  
source-­‐Jme	
  funcJon,	
  generaJng	
  1/f	
  spectral	
  decay	
  

Ø Site-­‐scaiering	
  parameters	
  (scaiering	
  and	
  aienuaJon	
  coefficient,	
  site	
  kappa,	
  intrinsic	
  aienuaJon)	
  
are	
  taken	
  from	
  the	
  literature	
  and	
  are	
  partly	
  based	
  on	
  the	
  site-­‐specific	
  velocity	
  structure.	
  

Ø Assuming	
  scaiering	
  operators	
  and	
  moment	
  release	
  originate	
  throughout	
  the	
  fault,	
  but	
  starts	
  at	
  
the	
  hypocenter	
  
	
  
	
  
	
  	
  
	
  

 
          

Site-­‐Specific	
  Sca1ering	
  Func6ons	
  

Ø Hybrid	
  broadband	
  seismograms	
  are	
  calculated	
  from	
  low-­‐frequency	
  and	
  high-­‐frequency	
  syntheJcs	
  
in	
  the	
  frequency	
  domain	
  using	
  a	
  simultaneous	
  amplitude	
  and	
  phase	
  matching	
  algorithm	
  (Mai	
  and	
  
Beroza,	
  2003)	
  

width of the Liu-STF strongly affects the shape of the spectra.
The amplitude spectrum of the Dreger-STF neither contains
spectral holes nor abrupt changes at lower frequencies
(Fig. 2c). More importantly, it has the favorable attribute of
a smooth spectrum that generates a flat-level acceleration
spectrum beyond the corner frequency. The overall shape
and particularly the rapid rise time of the dynamic slip veloc-
ity functions are well approximated by the Dreger-STF (Dre-
ger et al., 2007). The functional form of the Dreger-STF is
given as

s!t; τ ; ζ" # tζe$t=τ ; (2)

where τ is the pulse width and ζ (ranging between 0 and 1)
defines the sharpness of the beginning of the time function
and controls the high-frequency spectral decay rate. How-
ever, healing of slip is not included in the original parame-
terization, and we therefore modify the Dreger-STF by
adding a healing phase of short duration. The parameteriza-
tion of the modified Dreger-STF is then given as

s!t; τ ; ζ" #
!

te$t=τ 0 ≤ t ≤ nτ
tζe$n $ tζ%1e$n

!1$n"τ nτ < t < τ : (3)

In our calculations, we used ζ # 0:2, as advised in Dreger
et al. (2007) based on comparisons with the dynamic
simulations. n is some percentage of the rupture duration that
defines the onset of pulse healing and was taken as 0.9 in the
simulations in this paper. The amplitude of the Dreger-STF,
s!t; τ ; ζ", is scaled accordingly to match the final slip value at
the respective subfault. The resulting slip-rate function is
smooth, and so is its amplitude spectrum; however, seismic
data inevitably reveal that observed slip-rate functions con-
tain short-period variations and hence reflect source com-
plexity. To emulate this source variability, we added a small
amount of random white noise to the Dreger-STF. Numerical
experiments show that for noise levels of 10% or more, peak
slip rates in the STF time-series are significantly affected and
the approximate 1=f decay is strongly degraded. We thus
chose to add 5% random white noise, which maintains
the overall time-domain and frequency-domain characteris-
tics of the slip-rate function but contributes realistic small-
scale variability to the STF. The slip functions, slip-rate func-
tions, and the source spectra of the original Dreger-STF (as
proposed in Dreger et al., 2007) and the improved Dreger-
STF are plotted in Figure 2d,e,f.
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Figure 2. Overview of source-time functions analyzed in our study. a) Slip-time functions, b) slip-rate functions, and c) velocity
spectra of boxcar-STF, triangular-STF, Yoffe-STF, Liu-STF, and Dreger-STF (offset by an arbitrary value for clarity of plotting). The original
Dreger-STF (dashed gray line) is compared with the improved Dreger-STF (solid black line) in terms of (d) slip history, (e) slip-rate history,
and (f) velocity spectra.
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No	
  Bias	
  From	
  Depth	
  to	
  Top	
  of	
  Fault	
  	
  	
  	
  	
  	
  Mechanism	
  	
  

•  Landers	
  (ss)	
  	
  	
   	
  	
  	
   	
  	
  0.00 	
  	
   	
  0.15-­‐0.36	
   	
   	
  	
  
•  Toiori	
  (ss)	
  	
  	
   	
  	
   	
  	
  0.10 	
  	
   	
  0.18-­‐0.27	
   	
   	
  	
  
•  Niigata	
  (rev) 	
  	
   	
  	
  1.09 	
  	
   	
  0.38-­‐0.46	
  	
  
•  LOMAP	
  (robl)	
  	
   	
  	
  	
  3.85 	
   	
  0.13-­‐0.35	
   	
  	
  	
  
•  N	
  P	
  Springs	
  (robl)	
  	
  4.00 	
   	
  0.20-­‐0.32	
   	
  	
  
•  Northridge	
  (rev) 	
  	
  5.00 	
  	
   	
  0.11-­‐0.32	
   	
  	
  
•  Whi�er	
  (rev)	
  	
  	
  	
  	
  	
  	
  	
  12.00 	
   	
  	
  0.19-­‐0.29	
  
	
   	
  	
   	
  	
  
•  M6.6ss	
  	
  	
   	
  	
   	
  	
   	
  0.00 	
   	
  best	
  GMPE	
  
•  M6.6rv	
   	
  	
   	
  	
   	
  3.00 	
   	
  good	
  
•  M6.2ss	
  	
  	
   	
  	
   	
  	
   	
  4.00	
  	
  	
  	
  	
   	
  as	
  good 	
  	
  

	
  	
  |GOF| 	
  
	
   	
  	
  

Depth	
  Event	
  

	
  	
  	
  	
  	
  	
  	
  	
  

Rev	
  	
  	
  	
  	
  0.57	
  0.61	
  0.76	
  1.00	
  
	
  
ROBL	
  	
  0.60	
  0.63	
  0.67	
  0.48	
  
	
  
SS	
  	
  	
  	
  	
  	
  	
  0.48	
  0.60	
  0.68	
  0.70	
  
	
  
NM	
  	
  	
  	
  -­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐	
  
	
  
Av-­‐CA	
  0.57	
  0.61	
  0.61	
  0.66	
  
	
  
Av-­‐All	
  0.55	
  0.61	
  0.71	
  0.79	
  	
  

	
  	
  	
  <0.1s	
  	
  0.1-­‐1s	
  	
  1-­‐3s	
  	
  	
  	
  >3s	
   	
   	
  	
  
|GOF|	
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Change'the'values'below ⏎

Part'A,'GOF'Valida:on'Threshhold'= 0.35

Unacceptable'Threshhold'= 0.70

weight= 0.50

Event'(Mw,'Mech.) UCSB EXSIM G&P SDSU GMPESMSIM UCSB EXSIM G&P SDSU GMPESMSIM UCSB EXSIM G&P SDSU GMPESMSIM UCSB EXSIM G&P SDSU GMPESMSIM

Chino&Hills&(5.39,&ROBL)
Alum&Rock&(5.45,&SS) 1.04 0.94 0.65 1.33 1.15 1.11 0.78 1.33 1.15 1.32 1.32 1.77 0.96 1.11 1.05 1.66
WhiCer&Narrows&(5.89,&REV)
North&Palm&Springs&(6.12,&ROBL) 0.25 0.38 0.13 0.36 0.16 0.96 0.23 0.11 0.27 0.16 0.93 0.20 0.47 0.51 0.15 0.41 0.08 0.94 0.95 0.50
ToPori&(6.59,&SS) 0.20 1.18 0.13 3.52 0.23 1.08 0.41 0.59 2.13 0.62 1.25 0.19 0.14 2.41 0.11 1.11 0.23 0.30 1.91 0.41
Niigata&(6.65,&REV)
Northridge&(6.73,&REV)
Loma&Prieta&(6.94,&ROBL) 0.27 0.29 0.18 0.26 0.25 0.58 0.29 0.25 0.33 0.21 0.76 0.73 0.30 0.33 0.59 0.43 0.34 0.39 0.39 0.31
Landers&(7.22,&SS) 1.16 0.73 0.91 0.92 1.05 1.58 0.28 0.55 0.45 0.69 2.04 0.61 0.58 0.53 0.94 2.25 1.13 0.45 0.44 1.17
RiviereSduSLoup&(4.6&REV)
Mineral&(5.68&REV)
Saguenay&(5.81&REV)

Average'CA 0.45 0.33 0.27 0.34 0.35 0.86 0.25 0.25 0.29 0.34 1.05 0.50 0.45 0.47 0.46 1.16 0.54 0.40 0.39 0.45
Average'CENA
Average'ALL 0.38 0.36 0.25 0.63 0.30 0.90 0.27 0.29 0.44 0.30 1.09 0.43 0.41 0.75 0.41 1.15 0.43 0.38 0.68 0.43

Chino&Hills&(5.39,&ROBL) 0.27 0.17 0.23 0.45 0.39 0.31 0.34 0.26 0.64 0.73 0.65 0.15 0.80 0.80 0.84 0.27
Alum&Rock&(5.45,&SS) 0.32 0.52 0.19 0.48 0.28 0.43 0.21 0.33 0.38 0.42 0.44 0.34 0.71 0.43 0.43 0.43
WhiCer&Narrows&(5.89,&REV) 0.40 0.28 0.36 0.36 0.30 0.76 0.32 0.27 0.28 0.21 0.46 0.21 0.47 0.55 0.44 0.21 0.37 1.02 1.01 0.81
North&Palm&Springs&(6.12,&ROBL) 0.48 0.23 0.31 0.22 0.25 0.64 0.27 0.33 0.29 0.28 0.65 0.26 0.42 0.48 0.39 0.31 0.29 0.15 0.15 0.45
ToPori&(6.59,&SS) 0.39 0.47 0.36 1.16 0.60 0.44 0.21 0.40 0.63 0.60 0.47 0.21 0.27 0.96 0.22 0.54 0.37 0.25 0.48 0.22
Niigata&(6.65,&REV) 0.43 0.34 0.36 1.76 0.48 0.62 0.39 0.32 1.10 0.42 0.18 0.34 0.63 1.69 0.47 0.26 0.34 0.61 1.27 0.61
Northridge&(6.73,&REV) 0.56 0.31 0.20 0.22 0.21 0.80 0.38 0.32 0.29 0.32 0.54 0.39 0.22 0.25 0.36 0.37 0.36 0.21 0.21 0.29
Loma&Prieta&(6.94,&ROBL) 0.20 0.37 0.20 0.27 0.24 0.47 0.31 0.21 0.30 0.27 0.41 0.24 0.35 0.36 0.20 0.46 0.33 0.27 0.27 0.23
Landers&(7.22,&SS) 0.73 0.43 0.45 0.48 0.33 0.65 0.32 0.27 0.28 0.33 0.53 0.43 0.41 0.44 0.22 0.44 0.41 0.85 0.85 0.42
RiviereSduSLoup&(4.6&REV) 0.63 0.24 0.31 0.59 0.58 0.67 0.75 0.58 0.84 0.86 0.83 0.44 1.14 1.12 1.25 0.87
Mineral&(5.68&REV) 0.74 0.46 0.43 0.55 0.71 0.66 0.20 0.27 0.58 0.36 0.92 0.20 0.05 0.20 0.32 0.57 0.28 0.03 0.22 0.19
Saguenay&(5.81&REV)

Average'CA 0.31 0.26 0.26 0.22 0.27 0.68 0.29 0.22 0.23 0.23 0.50 0.27 0.32 0.35 0.26 0.39 0.44 0.30 0.29 0.26
Average'CENA 0.74 0.57 0.30 0.26 0.63 0.66 0.40 0.52 0.50 0.44 0.92 0.59 0.54 0.51 0.38 0.57 0.93 0.84 0.94 0.70
Average'ALL 0.28 0.23 0.23 0.40 0.23 0.65 0.29 0.24 0.29 0.28 0.48 0.27 0.33 0.51 0.26 0.36 0.39 0.31 0.46 0.25

Chino&Hills&(5.39,&ROBL) 0.39 0.26 0.24 0.50 0.33 0.28 0.26 0.42 0.46 0.35 0.29 0.24 0.64 0.61 0.59 0.28
Alum&Rock&(5.45,&SS) 0.77 1.04 0.76 1.01 0.80 1.03 0.75 0.84 0.63 0.82 0.84 0.88 0.22 0.56 0.57 0.42
WhiCer&Narrows&(5.89,&REV) 0.43 0.40 0.26 0.35 0.31 1.00 0.35 0.28 0.38 0.27 0.79 0.30 0.47 0.56 0.52 0.37 0.14 0.46 0.49 0.31
North&Palm&Springs&(6.12,&ROBL) 0.35 0.62 0.45 0.41 0.42 0.90 0.31 0.26 0.26 0.29 0.85 0.44 0.24 0.29 0.41 0.14 0.34 0.43 0.43 0.09
ToPori&(6.59,&SS) 0.21 0.31 0.78 0.29 1.08 0.35 0.34 0.33 0.41 0.53 0.38 0.50 0.63 0.82 0.49 0.35 0.20 0.51 0.53 0.36
Niigata&(6.65,&REV) 0.36 0.31 0.38 0.23 0.48 0.39 0.29 0.43 0.36 0.33 0.52 0.52 0.99 1.03 0.67 0.92 0.40 1.11 1.11 0.72
Northridge&(6.73,&REV) 0.53 0.20 0.30 0.55 0.32 0.26 0.28 0.34 0.42 0.24 0.29 0.57 0.35 0.38 0.38 0.43 0.35 0.57 0.57 0.27
Loma&Prieta&(6.94,&ROBL) 0.59 0.25 0.50 0.38 0.34 0.25 0.27 0.43 0.30 0.24 0.23 0.37 0.50 0.51 0.24 0.49 0.39 0.27 0.27 0.48
Landers&(7.22,&SS) 0.94 0.22 0.36 0.31 0.27 0.38 0.37 0.38 0.36 0.27 0.44 0.67 0.58 0.60 0.46 0.32 0.41 0.74 0.74 0.38
RiviereSduSLoup&(4.6&REV) 0.36 0.37 0.44 0.96 0.53 0.29 0.37 0.43 0.45 0.32 0.31 0.82 0.28 0.26 0.18 0.72
Mineral&(5.68&REV) 0.25 0.70 0.37 0.16 1.42 0.46 0.32 0.55 1.07 0.38 0.90 0.96 0.69 0.50 0.73 0.43 1.35 0.05 0.08 0.68
Saguenay&(5.81&REV) 1.73 0.58 1.04 0.74 1.61 1.28 0.59 0.21 0.78 0.35 0.29 1.46 1.06 1.60 1.46

Average'CA 0.44 0.27 0.40 0.38 0.40 0.54 0.32 0.42 0.39 0.36 0.38 0.44 0.45 0.49 0.44 0.33 0.27 0.49 0.49 0.25
Average'CENA 0.89 0.42 0.44 0.44 1.09 0.87 0.45 0.29 0.39 0.41 0.86 0.53 0.34 0.34 0.78 0.43 0.41 0.23 0.17 0.64
Average'ALL 0.40 0.29 0.32 0.33 0.32 0.50 0.30 0.40 0.39 0.34 0.30 0.43 0.52 0.57 0.49 0.44 0.26 0.63 0.63 0.40

Chino&Hills&(5.39,&ROBL) 0.54 0.51 0.43 0.33 0.43 0.46 0.46 0.31 0.44 0.50 0.46 0.32 0.65 0.75 0.75 0.48
Alum&Rock&(5.45,&SS) 0.79 0.82 0.67 1.02 0.89 0.88 0.63 0.89 0.27 0.83 0.86 0.36 0.16 0.86 0.86 0.21
WhiCer&Narrows&(5.89,&REV)
North&Palm&Springs&(6.12,&ROBL) 0.26 0.15 0.09 0.25 0.25 0.52 0.46 0.36 0.48 0.43 0.83 0.46 0.37 0.30 0.35
ToPori&(6.59,&SS) 0.49 0.54 0.72 0.39 0.63 0.37 0.53 0.40 0.56 0.38 0.31 0.52 0.50 0.52 0.51 0.27 0.81 0.45 0.45 0.32
Niigata&(6.65,&REV) 0.35 0.31 0.35 0.37 0.49 0.37 0.44 0.79 0.32 0.81 0.70 0.52 1.33 1.35 1.05 1.35 0.33 1.50 1.50 0.92
Northridge&(6.73,&REV) 0.30 0.28 0.31 0.17 0.18 0.31 0.32 0.40 0.34 0.40 0.27 0.86 0.43 0.44 0.56 0.03 0.56 0.31 0.31 0.18
Loma&Prieta&(6.94,&ROBL) 0.24 0.61 0.41 0.54 0.45 0.63 0.64 0.58 0.76 0.73 0.94 0.88 0.74 0.72 1.19 0.66 0.49 0.33 0.33 0.79
Landers&(7.22,&SS) 0.18 0.08 0.10 0.15 0.19 0.45 0.33 0.20 0.25 0.22 0.69 0.37 0.23 0.21 0.45 0.96 0.33 0.25 0.25 0.78
RiviereSduSLoup&(4.6&REV) 0.45 0.44 0.50 1.51 0.69 0.51 0.53 0.88 0.84 0.70 0.50 0.64 0.97 0.69 0.32 0.16
Mineral&(5.68&REV) 0.61 0.33 0.46 0.33 1.31 1.38 0.32 0.36 0.28 1.03 1.46 0.57 0.87 0.76 0.64 0.46 1.08 0.25 0.24 0.76
Saguenay&(5.81&REV) 2.56 0.49 1.05 0.24 1.68 3.57 0.77 1.43 0.25 1.47 2.91 0.52 1.63 0.29 0.67 0.66 0.12 0.37 0.42 0.26

Average'CA 0.16 0.27 0.24 0.25 0.35 0.48 0.37 0.32 0.29 0.35 0.70 0.31 0.34 0.36 0.39 0.93 0.39 0.35 0.35 0.54
Average'CENA 1.71 0.41 0.62 0.33 1.52 2.62 0.60 0.85 0.29 1.18 2.13 0.60 1.12 0.54 0.60 0.48 0.98 0.27 0.22 0.68
Average'ALL 0.50 0.34 0.38 0.25 0.52 0.82 0.34 0.37 0.33 0.44 0.70 0.34 0.50 0.53 0.42 0.58 0.51 0.69 0.70 0.42

Reverse&(REV) 0.47 0.32 0.27 0.35 0.48 0.82 0.34 0.32 0.35 0.37 0.51 0.35 0.55 0.64 0.52 0.76 0.28 0.88 0.93 0.59
ReverseSOblique&(ROBL) 0.30 0.40 0.26 0.28 0.28 0.57 0.31 0.25 0.28 0.26 0.54 0.34 0.29 0.31 0.26 0.45 0.51 0.35 0.35 0.37
StrikeSSlip&(SS) 0.47 0.35 0.38 0.43 0.38 0.33 0.43 0.46 0.43 0.38 0.37 0.42 0.54 0.65 0.45 0.41 0.37 0.50 0.55 0.30
Normal&(NM)

Average'CA 0.34 0.27 0.33 0.31 0.36 0.58 0.28 0.35 0.32 0.32 0.49 0.35 0.40 0.42 0.36 0.48 0.35 0.40 0.40 0.33
Average'CENA 1.47 0.38 0.50 0.25 1.27 2.19 0.52 0.57 0.34 0.76 1.90 0.57 0.76 0.46 0.43 0.48 0.77 0.23 0.22 0.47
Average'ALL 0.33 0.29 0.27 0.32 0.35 0.63 0.27 0.34 0.33 0.31 0.47 0.34 0.47 0.55 0.42 0.42 0.36 0.58 0.62 0.38

PSA'Period'Range'>'3s
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0.01-­‐0.1s	
   	
   	
  0.1-­‐1s 	
   	
   	
  1-­‐3s	
   	
   	
  	
  	
  	
  	
  	
  >3s	
  



Summary	
  
•  Plan	
  B	
  scenarios	
  

	
   	
   	
  -­‐	
  All	
  within	
  specified	
  tolerances	
  
	
  	
  	
  	
  	
  	
  	
   	
   	
  -­‐	
  Strike-­‐slip	
  scenarios	
  at	
  or	
  slightly	
  below	
  median	
  
	
  	
  	
   	
   	
   	
  -­‐	
  Reverse	
  scenarios	
  at	
  or	
  slightly	
  above	
  median	
  

	
   	
   	
  -­‐	
  No	
  significant	
  dependence	
  on	
  velocity	
  model	
  
	
   	
   	
  	
  

•  Plan	
  A	
  scenarios	
  
	
  	
   	
   	
   	
  	
  -­‐	
  |Bias|	
  generally	
  <	
  0.2	
  
	
  	
  	
   	
   	
   	
  	
  -­‐	
  Time	
  histories	
  look	
  reasonable	
  

	
   	
   	
  	
  -­‐	
  No	
  significant	
  distance	
  bias,	
  (two)	
  Plan	
  A	
  near-­‐fault	
  (1-­‐3	
  km)	
  OK	
  
	
   	
   	
  	
  -­‐	
  No	
  known	
  issues	
  with	
  mechanism,	
  depth	
  to	
  top	
  of	
  fault	
  
	
   	
   	
  	
  -­‐	
  General	
  overpredicJon	
  at	
  LFs	
  (as	
  do	
  the	
  GMPEs…)	
  

•  ProjecJon	
  to	
  lower	
  and	
  higher	
  magnitudes	
  
	
   	
   	
  	
  -­‐	
  5	
  <	
  Mw	
  	
  <	
  5.9	
  expected	
  to	
  work	
  with	
  modified	
  input	
  parameter	
  

	
   	
   	
   	
  	
  -­‐	
  5.9	
  <	
  Mw<	
  8	
  expected	
  to	
  work	
  as	
  is	
  
	
   	
   	
   	
  	
  -­‐	
  Mw	
  >	
  8	
  not	
  sure/potenJal	
  issues	
  –	
  no	
  saturaJon	
  of	
  syntheJcs	
  
	
  
•  Known	
  Issues:	
  

	
   	
   	
  -­‐	
  Raytracer	
  domain	
  size	
  (no	
  show	
  stopper)	
  


