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1. High frequency simulation code 
 
We have modified the 1D frequency/wavenumber code of Zhu and Rivera (2002) to include 
frequency dependent Q. We also noticed that the amplitude of high-frequency (HF) waves 
calculated with typical 1D layered velocity structures decrease much quicker than 1/r, r is 
distance(Crempien and Archuleta, 2014). In this update, we compute HF Green’s functions from 
a homogeneous half-space with P- and S-wave values taken just above the Moho discontinuity. 
The amplitudes of HF Green’s functions are increased at different frequencies using the quarter 
wavelength amplification method (QWAM; Boore and Joyner, 1997) and their waveforms are 
shifted to be consistent with S wave arrivals of low-frequency calculations (Crempien and 
Archuleta, 2015). 
 

2. Source generator 
 
Following Gusev (2011), we add the rupture time 𝑇(𝜉) at the fault site 𝜉 with an additional 
perturbation ∆𝜏(𝜉). ∆𝜏(𝜉)  is a random field, with zero mean and a fractal spatial distribution 
with a power spectrum proportional to  (k is the wavenumber). We used d values of 1.0 in 
the Fourier domain.  
 
Method overview 
 
UCSB method uses representation theorem (Aki and Richards, 1980) to calculate the ground 
motion from a kinematic source model consistent with a dynamic rupture. Both low-frequency 
and high-frequency ground motions are calculated with same source, but with different synthetic 
approaches. At frequencies below 1 Hz, 1D and 3D synthetic algorithms are adopted to generate 
exact earth response for the given velocity model. At frequencies above 1 Hz, 1D synthetic 
algorithm is adopted to compute Green’s functions from a pseudo half-space model with the 
speeds of P- and S-waves values just above the Moho discontinuity. The amplitudes of 
calculated HF Green’s function are modified at different frequencies using the quarter 
wavelength amplification method of Boore and Joyner (1997) and their waveforms are shifted to 
be consistent with S wave arrivals of low-frequency calculations (Crempien and Archuleta, 
2015). The two responses are then combined together to produce a single time history using the 
wavelet domain approach of Liu et al. (2006). The method was originally developed by Liu et al. 
(2006). Schmedes et al. (2009, 2010, 2013) regressed the relations among autocorrelations of slip 
and other source parameters, using the results of 300 dynamic simulations. Crempien and 
Archuleta (2015) improved the modeling of high frequency ground motion.  
 

 k −d



UCSB method uses an analytic slip rate function 𝑠(𝜉, 𝜏), 𝜉 and 𝜏 denotes the location on the fault 
plane and time of rupture, to define the scenario source rupture of an earthquake with given 
magnitude. Several analytic slip rate functions can be selected. To specify the source requires 
knowing four parameters at each point on the fault: slip, start time (rupture time), peak time and 
rise time. The amplitude of the slip is determined from a truncated Cauchy distribution (Lavallée 
et al., 2006), which implements the scaling relationship between maximum slip and magnitude 
(McGarr and Fletcher, 2003). The spatial distribution of the slip function is determined by 
choosing a slope of the autocorrelation of the 2D power spectral density in wavenumber (Liu et 
al., 2009). The power spectrum is then chosen to be von Karman with the correlation length 
taken from Mai and Beroza (2002). The slope of the 2D autocorrelation for the rupture time, 
peak time and rise time are linearly related to the slope of the autocorrelation for slip (Figure 1, 
Schmedes et al., 2013). Finally, the distributions of the rupture time, rise time, and peak time are 
perturbed so that the cumulative moment rate spectrum of the entire fault matches a Brune 
spectrum with a given corner frequency—the second global parameter related to the earthquake 
besides the magnitude. 
 

 
Figure 1. Combining low-frequency (LF) and high-frequency (HF; depicted in red and green 
lines, respectively) seismograms to form a broadband (BB) seismogram (black line) at a distance 
of Rrup ≈ 82 km from the source. For frequencies less than 1.0 Hz, the BB Fourier amplitude 
spectrum (FAS) overlays almost identically the LF FAS; from 1.0 to 25 Hz, the BB FAS is 
almost identical to the HF FAS. (Crempien and Archuleta, 2015). 
 



  

 
Figure 2: Correlation matrix between the parameters on the fault (Schmedes et al., 2013). 
This correlation is enforced in the UCSB method of computing ground motions from 
kinematic simulations of earthquakes. 



 

Tables of Parameters 
 

Fixed Parameters 
Fault Earthquake Green’s Function 

Length Seismic Moment P and S Wave Velocity (z) 
Width Hypocenter Density (z) 
Dip   Attenuation (z): Q0 and α  

where Q =Q0 f
α   

Rake   Maximum Frequency 
Strike    
Depth to Top of Fault   

 
Parameters—Can Be Changed with Each Simulation 

Fault Earthquake Kinematic Parameters Path and Site 
dL (grid size 
along strike and 
dip) 

Corner Frequency—
determines the stress 
drop when combined 
with seismic moment 

Autocorrelation of slip 
 

Will automatically affect 
peak time, rise time and 
rupture velocity 

Kappa 

dW (grid size 
down dip) 

Hypocenter Gusev parameter  

No. of extra points 
within subfault 

Variation of Dip   

Taper on slip at 
the edges of fault 

Variation of Rake   

Taper on rupture 
velocity at the 
edges of fault 

Variation of Strike   

    
 

 
  

  ν FS (slip)
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