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Summary 
 
The purpose of this project is to validate the SDSU SCEC Broadband Platform (BBP) module 
using Fourier Amplitude Spectrum (FAS) in addition to the existing Spectral Acceleration metric 
implemented on the platform, specifically using the smoothed EAS metric (SEAS). We find that 
the SEAS goodness-of-fit (GOF) reflects that of the pseudo-spectral acceleration (PSA) GOF, with 
higher sensitivity. A caveat is that the SEAS GOF tends to deteriorate for frequencies higher than 
about 10-20 Hz, due to the nature of the source time function convolved with the scattering 
functions used by the SDSU module. Tests with different source time functions and related 
parameters have not significantly resolved this problem. Based on this result, we have determined 
that the useful bandwidths from the BBP results obtained by the SDSU module is < 10 Hz for 
SEAS and < 50 Hz for PSA. We have also validated the July 2019 Ridgecrest sequence (M5.5, 
M6.4, and M7.1 events), and obtained acceptable results, with additional analysis to be done for 
the low frequency results of the Ridgecrest B and C events. Finally, we have prepared the SDSU 
module for the BBP 22.3 release, to occur in March or April of 2022. 
 
Previous Efforts 
 
The SDSU BBP module participated in and passed the SCEC Broadband Platform validation 
exercise, where the focus was on validating simulated median pseudo-spectral accelerations 
(PSA) for large earthquakes in western and eastern US and Japan, as well as NGA-west1 
GMPEs. While we plan to participate in ongoing events within the BBP group to validate 
additional events using the PSA metric, we propose to move toward using the smoothed FAS 
metric EAS for validation on the BBP. Bayless and Abrahamson (2019) developed the first EAS-
based Ground Motion Model and showed the advantages and feasibility of using this metric. We 
are very familiar with this metric from recent efforts (funded by SCEC) on including and 
validating inter-frequency (Wang et al., 2019) and spatial correlation (Wang et al., 2021) into the 
SDSU module, with negligible effects on the PSA goodness-of-fit measures for the validation 
events.  
 
EAS as BBP Validation Metric 
 
The Effective Amplitude Spectrum (EAS) has been implemented on the SCEC BBP as a metric 
to validate the events. EAS is a smoothed rotation-independent version of FAS as 
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(Goulet et al., 2018). In Equation 1, 𝐹𝐴𝑆!"# and 𝐹𝐴𝑆!"$ are the FAS of two orthogonal as-
recorded horizontal components acceleration time series, and 𝑓 is the frequency in Hertz. The 
EAS is smoothed by the log10-scale Konno and Ohmachi (1998) smoothing window (e.g., Kottke 
et al., 2018): 
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Here, 𝑊 is a weight at frequency 𝑓 designed for a window with center frequency fc, and 𝑏 =
$1
)"
= 60𝜋, where 𝑏2 is the smoothing window bandwidth in log10 units (see Kottke et al., 2018 

for more details on the smoothing technique). PEER NGA-East (PEER, 2015) selected the 
Konno and Ohmachi (1998) type of smoothing window which leads to minimal bias on the 
amplitudes of the smoothed EAS (SEAS) compared to the unsmoothed EAS. The parameter 𝑏 
was selected such that the random vibration theory calibration properties after the smoothing 
were minimally affected (Kottke et al., 2018). Using the SEAS with the same 𝑏, we maintain 
consistency with the PEER database as well as with other PEER projects, including the NGA-
East empirical FAS models (Goulet et al., 2018) and the Bayless and Abrahamson (2019b) EAS 
model.  
 
 
SEAS GOF 
 
Figure 1 shows an example of SEAS and PSA GOF for the San Simeon event from the SDSU 
module. While the PSA shows very good GOF values up to 50 Hz, the SEAS starts to degrade 
around 10-20 Hz, with underprediction at higher frequencies. This trend has been identified for 
most events, is related to the source time function convolved with the scattering functions. This 
degradation of the SEAS at higher frequencies is not observed for the PSA due to saturation. We 
have identified the range of frequencies for which the current results are acceptable, namely <10 
Hz for SEAS, and <50 Hz for PSA. Future work will focus on adjusting the parameters of the 
source-time function to improve the SEAS GOF at frequencies > 10 Hz. 
 

 
Figure 1. (top) SEAS and (bottom) PSA for 64 realizations of the San Simeon event using the 
SDSU module. 



 
Validation of Ridgecrest Sequence 
 
BBP modeling of the 2019 July Ridgecrest sequence, consisting of the M5.5 (‘Ridgecrest B’), 
M6.4 (‘Ridgecrest A’), and M7.1 (‘Ridgecrest C’, multi segment) events, has been a focus of the 
BBP working group in 2021. The main reason is that the sequence provides a unique opportunity 
to address the trade-off between source parameters and the velocity model as compared to other 
validation events, where usually only data for a single earthquake is available for a given region. 
We have worked with the BBP group to converge toward a 1D velocity model for the eastern 
Sierra Seismic Zone that provides acceptable fit for all events, which allows us to further 
constrain the source parameters, as well as better understand the variation of those parameters in 
the different BBP methods. This is important, as it facilitates region-specific constraints on a 
velocity model that appears to be different from the Mojave region used for other events.  
 
Fig. 2 shows the PSA and SEAS GOF for the 3 Ridgecrest events obtained by the SDSU 
module. 
 

 
 

 
 

 
Figure 2. (left) PSA and (right) SEAS GOF for Ridgecrest (top) A, (center) B, and (bottom) C. 
 



 
The SEAS results are degraded above about 10-15 Hz, but other than that, we find both the PSA 
and SEAS GOF from the SDSU module for Ridgecrest A-C satisfactory (see Fig 2). The 
degraded fit of the low-frequency results for Ridgecrest B and C will further scrutinized in future 
work. 
 
The new and updated BBP results page, which now also includes distance and Vs30 bias plots, 
as well as the input files used for the simulations. As an example, Figs. 3-4 show the distance 
and Vs30 bias for Ridgecrest C, calculated for the SDSU module. It is clear, as also indicated in 
Figs. 2-3, that while the higher frequencies (> 1Hz) are largely unbiased, the simulations for 1-2 
s are overpredicted for distances 40-80 km, for Vs30 values between 200 m/s to 1,000 m/s. This 
will be target of further analysis the future. Note that the GOF values are calculated using 
geometric rather than arithmetic means as previously, which has generally moved GOF values 
slightly toward positive values (underprediction). The SDSU module continues to use the Graves 
and Pitarka (2016) rupture generator and 1D Green’s functions provided by R. Graves. 
 

 
Figure 3. Distance bias for Ridgecrest C, SDSU module. 
 
 

 
Figure 4. Vs30 bias for Ridgecrest C, SDSU module. 
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