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Abstract 

A hybrid low/high frequency method for the prediction of broadband ground-motion time 
histories was developed. The two key features of this new method are 1) correlation of the 
kinematic source parameters as suggested by models of dynamic faulting, and 2) for any point on 
the fault the source parameters are determined from statistical distributions. 

We implemented the code in the broadband simulation platform and participated in the most 
recent demonstration of the platform. We computed the Green’s functions for the 
hangingwall/footwall exercise which is the first exercise to be done using the developed 
platform. Furthermore, we performed validation against strong motion data from the Loma Prieta 
earthquake. Currently we are working on the improvement of the rupture model generator.  

Method 
Our kinematic source description is based on correlated random distributions for the slip 

amplitude, the average rupture velocity, and the rise time on the fault. It allows for the 
specification of source parameters independent of any a priori inversion results. The 
wavenumber distribution of the slip on the fault is based on the work of Lavallée et al. (2006) 
and Mai and Beroza (2002). The slip amplitudes follow a truncated Cauchy distribution 
(Lavallée et al., 2006). Using a NORmal To Anything (NORTA) method (Cario and Nelson, 
1997) it is possible to construct  
● the average rupture velocity on the fault as a random field that follows a uniform 

distribution and that is spatially correlated with the slip amplitude on the fault  
● the rise time on the fault as a random field that follows a beta distribution and that is 

spatially correlated with the slip amplitude on the fault.  
For a given slip amplitude and rise time (determined from the statistical distribution) we 

construct a slip rate function for each point source based on a functional form motivated by the 
results of dynamic fault modeling. 

Two codes are available to compute the wave propagation, i.e., the Green’s functions for the 
medium between the fault and the stations. We compute the low frequencies (f<~1 Hz) using a 
visco-elastic finite difference code (Liu & Archuleta, 2002; Liu & Archuleta, 2006). For the 
computation of the high frequencies (up to 10-20 Hz) we use 1D velocity models and the 
frequency wavenumber (FK) method (Zhu & Rivera, 2001). A realistic attenuation model is 
common to the 1D and 3D calculations. The value of Q is a function of the local shear wave 
velocity.  

We compute 1D and 3D synthetics for a given station using a standard representation 
theorem that convolves the spatial varying slip rate function on the fault with the computed 
Green’s functions of the medium between the fault and the station and integrates this 
combination over the fault. To produce more accurate high-frequency amplitudes and durations, 
we correct the 1D synthetics using a randomized, frequency dependent perturbation of azimuth, 
dip, and rake (similar to Pitarka et al., 2000). To correct the 1D synthetics for local site response 
and nonlinear soil effects we use a nonlinear propagation code (Bonilla et al., 1998, Hartzell et 
al., 2004) and a generic velocity structure appropriate for the site. Finally, we combine the low 
frequencies from the 3D calculation with the high frequencies from the 1D calculation using 
matched filtering at a specified cross over frequency. A flowchart of the method is given in Fig. 
(1). A detailed description of the method can be found in (Liu et al., 2006). 



Validation and Verification 
We have validated the full method (Fig 1) using data from the Northridge earthquake (Liu et 

al., 2006). The salient points of that study are:  
1) The bias and error are as small if not smaller than other methods. 2) Combining 1D and 3D 

reduces slightly the misfit at low frequencies. 3) The faulting model used to generate the 
broadband synthetics is not constrained by an a priori inversion result. 4) The modeling is 
independent of specific values for slip rate at a point on the fault.  

We further validated the method against the 1989 Loma Prieta earthquake using a 1D velocity 
structure and no site response. We computed ground acceleration for a subset of 18 stations (Fig. 
2a) using a 1D velocity model (Wald et al., 1991), and the fault geometry used by Liu and 
Archuleta (2004). We created twenty different random rupture models for which we computed 
acceleration time histories. In Figure 2b we show the response spectral bias (5% damping) 
between observations and simulations for all stations and the rupture model with the smallest 
bias. In Figure 2c we plot the response spectral bias between the observation for one station 
(FRE) and the simulations for all twenty rupture models. Even though we did not model site 
response or include 3D effects in this calculation, the bias of the best model is small. Note, that 
the standard deviation for multiple models and one station is smaller than for one model and all 
stations. On the other hand the bias for the single station and multiple models shows stronger 
deviation from the observations due to the lack of site response and 3D effects that are not 
included in our current computations. We expect a decrease of the bias for single stations, and 
the standard deviation for the combination of all stations, by including site effects and a 3D 
velocity model. It is important to note that our validation is not based on a slip distribution 
modified from inversions. We validate our rupture model generator as well as the modules for 
computing low and high frequency synthetics.  

The code was also distributed to other researchers. Stephen Hartzell (pers. comm.) compared 
our method to three other methods (Hartzell, Frankel, Zeng) using the Northridge data. The bias 
and standard deviation of our method was found to be the smallest among the four.  

In 2006 we participated in a verification exercise defined by Rob Graves. We participated in 
various meetings during 2007 at the SCEC headquarter in which the methods were discussed and 
next steps towards the implementation of the methods into the broadband simulation platform 
were decided. Our rupture model generator and our method to compute broadband synthetics for 
a 1D velocity model were successfully implemented into the workflow. Also the combination of 
the URS rupture model generator and our broadband ground motion computation was successful. 
Both combinations were shown at the first demonstration of the platform to Norm Abrahamson. 
The demonstration was repeated at a meeting between PEER and SCEC. In November a fully 
functional broadband platform, which allows for 6 different combinations based on the UCSB, 
URS, and SDSU methods, was successfully demonstrated. Currently, the platform is used to 
compute a large number of simulations in order to investigate the hangingwall/footwall effect. 
We provided the Green’s functions for these simulations and performed sample simulations that 
were successfully compared with the results of the simulations performed by Rob Graves to 
ensure that our results agree in the low frequencies before the large number of simulations on the 
platform is started.  

In addition, we used our method in combination with isochrone analysis (Bernard and 
Madariaga, 1984; Spudich and Frazier, 1984) to gain further insight into the problem of ground 
motion saturation with magnitude for distances close to the fault (Schmedes and Archuleta, 



2008). In Figure 3 we show curves for the average PGA for strike slip events with magnitudes 
between 6.6 and 7.4 for stations at distances of 5 km and 25 km. These distances are the closest 
distance to the projection of the rupture to the surface. For each magnitude, the we used our 
method (Liu et al., 2006) to compute ground motion for several random source models. For each 
magnitude we randomly selected 50 PGA values from the models and from all stations with the 
given distance (5 km or 25 km). In Figure 3 we demonstrate that PGA is independent of 
magnitude (it has saturated) for stations close (distance 5 km) to the fault. However, PGA 
increases with magnitude if measured at a closest distance of 25 km. 

Refinement of the Method 

We are currently working on the refinement of the method using dynamic modeling. Our focus 
here is on the amplitude distribution of the rupture velocity and its correlation with other source 
parameters that potentially can be integrated in the kinematic source description. Instead of using 
the formulation with the average rupture velocity we will use the probability density distribution 
owe find for the local rupture velocity based on dynamic computations (Schmedes et al., 2007). 
To go from the local rupture velocity in the kinematic description to the rupture initiation times 
we will use a 2D eikonal solver.   
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Figure 1: Flowchart of scheme for generating broadband synthetics (Liu et al., 2006). 



 
Figure 2: a) map of stations and hypocenter, b) response spectral bias for all stations and one 
event, c) response spectral bias for one station (FRE, see map above) and 20 models. 



 
 
Figure 3: For each magnitude we plot the average (and ± 1 standard deviation) of 50 horizontal 
PGA values based on computations using random kinematic rupture models. We show on the left 
the results for a closest distance of 5 km and on the right a closest distance of 25 km. It is clear 
that for the closer distance the PGA is independent of magnitude while at the farther distance the 
PGA is scaling with magnitude. (Schmedes and Archuleta, 2008). 


