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Summary 
 
We have worked on modeling broadband ground motion for additional events with the BBP 
group, including the 2019 Ridgecrest sequence. In addition, we have implemented support for 
multi-segment ruptures in the SDSU BBP module (Olsen and Takedatsu, 2015), using the 
combined low-frequency response from all segments as input. We tested the multi-segment 
rupture support for the 3-segment Landers event, which generates a slightly better rotD50 
goodness-of-fit as compared to the 1-segment solution. Finally, we are in the process of 
validating a broadband 3D pseudo-dynamic (kinematic) rupture generator (Savran-Olsen - SO 
KRG, Savran and Olsen, 2020) for geometrically complex faults on the SCEC Broadband 
Platform (BBP). This part of the project has suffered delays due to the lack of availability of 
SCEC staff members Bill Savran and Fabio Silva and is still ongoing, with emphasis on 
validating the SO KRG, comparison of performance of the SO KRG with existing BBP methods, 
and identifying targets for improvements. 
 
Support for Multi-Segment Ruptures in the SDSU Module 
 
We have added support for multi-segment ruptures into the SDSU BBP module. While this was 
possible in the previous version of the module only by manually adding up the response from 
each segment, the updated module reads in the combined LF response from all segments (in SRF 
format), and generates the resulting broadband ground motions directly. The code was tested for 
the 3-segment Landers rupture, and compared to the results from the corresponding 1-segment 
result, see Figure 1. The 3-segment rupture generates a slightly better overall rotD50 fit the to 
the data. 
 

  



Figure 1. Comparison of Landers BBP synthetics to data for (left) a 1-segment rupture and (right) 3-
segment rupture using the updated SDSU module. 
Validating the Savran-Olsen Kinematic Rupture Generator (SO-KRG) 
 
The rupture generator was developed by Bill Savran, specifically with attention to the accuracy 
of the higher frequencies (>1 Hz), and funded by SCEC as part of his PhD dissertation at SDSU 
(SCEC funded, see Report for SCEC Award #16117), as well as Savran and Olsen, 2020, JGR 
Solid Earth. The original plan of direct implementation of the SO-KRG on the BBP was 
modified due to the lack of availability of SCEC staff members Bill Savran and Fabio Silva. In 
an updated plan, we are evaluating the performance of the SO-KRG using standard BBP Part A 
validation events and datasets. The SO-KRG reproduces GMPE medians and intra-event 
standard deviations for an ensemble of 10 Hz fully-deterministic ground motion simulations, as 
compared to NGA West2 GMPE relationships up to natural frequencies of 5 Hz (Fig. 2). In 
addition, the simulated acceleration spectra are flat up to ~10 Hz (Fig. 2, right). These results 
indicate that our rupture generator produces 10 Hz kinematic source models that can be used in 
broadband physics-based probabilistic seismic hazard efforts or to supplement limited data for 
the development of future GMPEs.  
 

 
Figure 2: Comparisons of KRG-produced spectral accelerations to NGA-W2 at (left) 0.5 Hz and (center) 5 Hz, and 
(right) example of simulated far-field acceleration spectra. The vertical dashed line depicts the 𝑓!"# = 10	𝐻𝑧 of our 
deterministic simulations, and the thick dashed line shows the 𝜔$ high-frequency decay. 
 
The proposed KRG mimics, at least in a statistical sense, the processes of rough-fault 
spontaneous rupture models in order to generate broadband source models. The KRG generates 
ruptures that follow empirical scaling relationships for inter-plate strike-slip events, and provide 
source spectra comparable with an 𝜔!"

 
source model. To define our kinematic source model, we 

use a regularized Yoffe function (Yoffe, 1951) parameterized in terms of slip, peak-time, rise-
time, and rupture initiation time (Tinti et al., 2005, 2009, see Fig. 3). These parameters are 
represented by random fields whose one- and two-point statistics are estimated from the dynamic 
rupture simulations. Our rupture generator generates rupture models including expected 
roughness in slip and rupture times (Fig. 4). 
 
Although the SO-KRG produced spectral accelerations in agreement with NGA-W2, as well as 
flat acceleration spectra at higher frequencies (see Fig. 2), it is important to expand the validation 
to the BBP and compare to other KRGs on the platform. For the validation, we have selected the 
M6.6 Tottori earthquake that occurred on a vertical strike-slip fault (see Fig. 3 for the slip 
distribution from an example SO-KRG dynamic rupture realization). We will compare 
broadband ground motions from this scenario event using (a) the SO KRG and (b) the Graves-
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Pitarka (GP) rupture generator (Graves and Pitarka, 2015). For both of these methods, we will 
use the existing low-frequency (LF) and high-frequency (HF) seismogram synthesis modules on 
the platform (Jbsim and BBToolbox), which are part of the current SDSU method.  Thus, we will 
compare BBP validation results produced using current rupture methods against the SO-KRG. 
The standard BBP validation procedure simulates 64 realizations of ground motions for a given 
scenario event with each having the same magnitude, hypocenter and fault geometry, but using 
variable slip distributions. The validation products will include comparisons of simulated and 
observed velocity and acceleration seismograms, Arias intensity plots for simulated and observed 
seismograms, spectral acceleration plots, goodness-of-fit plots including mean-bias plot, distance 
dependence, period dependence, and spatial dependence plots. This modified project plan will 
effectively use the SO-KRG as the rupture generator stage of the BBP platform, without 
requiring us to fully integrate the KRG software into the BBP platform at this point. 

  
Figure 3: (left) Regularized Yoffe function calculated using 𝜏! = 0.06	𝑠 and 𝜏" = 4.60	𝑠. (right) 
Dynamically computed slip-rate function (black) and best-fitting kinematic approximation (blue). The 
shaded region under the dynamic function depicts the kinematic slip, which does not include after-slip. The 
inset of the figure shows the comparison in the frequency domain. In the inset, the dashed line represents 
the target frequency of our KRG. 
 
Although not completed yet due to delays, the PI as well as Silva and Savran are committed to 
complete the validation of the SO-KRG. 

 
Figure 4. Example of slip distribution from the SO-KRG for the validation scenario of the Tottori 
earthquake. 
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Ridgecrest Scenarios 
 
The BBP group has focused on the July 2019 Ridgecrest sequence of earthquakes. Figure 5 
shows the BBP GOF plot for RidgecrestB (M5.4), using the SDSU module with the GP rupture 
generator. One of the findings by the group is that the Ridgecrest events appear to be 
characterized by low rupture speeds. Simulations of the M7.1 RidgecrestC event is ongoing, 
using the recent addition of support for multi-segment rupture in the SDSU module. 
 
 

 
Figure 5. 64-realization of the RidgecrestB event (M5.4) using the SDSU module and GP rupture 
generator. 
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