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Overview and Accomplishments 
In this report we show one- and two-point statistic results of rupture velocity obtained from 2D 
dynamic rupture simulations on rough faults. We also find that there is no great variation in 
rupture time along the multiple dynamic rupture simulations, contrary to the hypothesis of Gusev 
(2012). These results have been tested and incorporated into the UCSB broadband ground 
motion code as an option to simulate kinematic source descriptions of earthquake ruptures on 
faults.  
 
Problem Setup 
We use the 2D rough fault simulations of Dunham (2011) and Trugman & Dunham (2014). 
These simulations consist of bilateral rupture on faults ~60 km in length. The fault geometry is 
described with realizations of self-similar random processes (Figure 1). The spacing between 
nodes is 10 m, which gives a minimum resolving wavelength down to 300 m. Initial stress on the 
fault, i.e., along y=0, is spatially uniform. However it is changed for each simulation. Because 
the fault geometry is highly variable, the initial shear stress on the fault is highly variable as well. 
For further details on the model description, the reader is referred to Fang and Dunham (2013) 
and Trugman & Dunham (2014). 
 
From these simulations we computed one- and two-point statistics for all rupture simulations 
combined for rupture velocity. We also looked at the difference between rupture time and a 
smoothed curve with a running mean to probe if there are large deviations from the mean in 
rupture time, as proposed by Gusev (2012). 
Main Results 
By grouping all the dynamic simulations results of normalized rupture velocity (ratio rupture 
velocity/shear wave speed) we show that normalized rupture velocity is clearly a Lévy 
distributed parameter (Figures 2a and 2b), even though the characteristic function is better fitted 
with a Cauchy distribution (Figure 3). We show in Figures (2a) and (2b) that a Gaussian 
probability distribution function for rupture velocity should be discarded given that there is no 
weight in the tails of extreme rupture velocity values. The Cauchy distribution is also discarded 
because the maximum likelihood estimate overpredicts the weight of the data at the right hand 
tail of the probability distribution. This is due to the symmetric nature of the Cauchy distribution. 
The Lévy distribution has the best fit to the data. Values for the three distributions are given in 
Table 1. 
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Figure 1: (upper) Profile of fault roughness along strike for half a of 
a fault; (middle) slope of fault roughness (dy/dx); and (lower) 
normalized rupture velocity along strike for a particular dynamic 
rupture simulation. 

	   	  
(a) (b) 

Figure 2: (a) Probability density functions of normalized rupture velocity from dynamic 
rupture simulations (black dots) and the maximum likelihood estimates of Gaussian (blue), 
Cauchy (green) and Lévy (red) probability density distributions. (b) The same plot as (a), but 
in log-log domain to emphasize the tails of the distribution. 
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Table 1: Maximum likelihood estimates for each distribution model. 

Gauss Law Cauchy Law Lévy Law 
µ σ γ µ α β γ µ 
0.8303 0.0494 0.8465 0.0154 1.1425 -0.8172 0.0150 0.7940 

 
In Figure (3) we show a good fit to the 
characteristic function of both the Cauchy 
and Lévy distributions. The Gaussian 
distribution grossly underpredicts the 
characteristic function of data. We stacked in 
the log domain all the spectra of rupture 
velocity normalized by shear wave speed to 
obtain the purple curve depicted in Figure 4. 
This shows the wavenumber distribution, i.e., 
2-point statistic. This curve shows a flat 
spectrum up to a corner wavenumber of 
~0.021 km-1. The spectral decay after the 
corner wavenumber is ~1.1. We chose a 
Boatwright (1989) formulation to fit the 
spectral shape of the Fourier Amplitude 
Spectrum (FAS) of all dynamic rupture 
realizations of rupture velocity. The slope of 

the fitted model is shown in the lower plot of Figure 4. 

 

 
Figure 3: The characteristic function for data 
(black dots), Gaussian (blue), Cauchy (green) 
and Lévy (red) distributions. 

 
Figure 4: Upper plot is the stacked spectra of velocity rupture normalized by shear-wave 
speed (purple curve) for all dynamic rupture simulations. A spectral fit to the data is shown in 
the black dotted line. The 95 % prediction bounds of the fit are shown in red solid lines. The 
lower plot is the first derivative of the fit indicating a nearly constant slope of -1.1. 



4	  

The variability of the rupture time is small (Figure 5), which contradicts the hypothesis of Gusev 
(2012). We computed for all realizations the difference of rupture time and a smoothed rupture 
time. To obtain the smoothed rupture time, we used a running mean. Later we used the absolute 
value of the difference between smoothed and original rupture time and computed the log of 
such result. A histogram of the time difference between the smoothed model and the actual 
rupture time is shown in Figure 5. We find a mean value ~0.034 s for the log absolute difference 
between smoothed and original data. This difference —basically the difference between the time 
derived from a constant rupture velocity and the actual time of rupture— is small. Gusev (2012) 
hypothesized time differences that can be on the order of a second or fractions of a second that 
lead to discontinuous jumps in the rupture times.  

 
 
 
 
  

Figure 5: Histogram of the log absolute value of the 
difference between rupture time and smoothed rupture 
time using a running mean smoother. 
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