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FOURIER-SPECTRA BASED EMPIRICAL SITE AMPLIFICATION MODELING 

 

REPORT – SCEC Project ID 17149  

Currently, there are relatively few options on the BBP for site amplification. For reference these 
are reviewed here. The most commonly used model at this time is one implemented by Rob 
Graves. This module adjusts the Fourier amplitudes of the time series simulated for rock 
conditions using either the Campbell and Bozorgnia (2013) or Boore et al. (2013) models. Both 
of these models were created for response spectra corrections even though they are being 
applied to Fourier amplitudes. Rob Graves has commented that this correction is acceptable 
when the modifications are small, even though it is not ideal. An amplification model from Shi 
and Asimaki (2017) is ready to be implemented on the BBP but is not yet available. This model 
combines a shear wave velocity profile generator with an analytic nonlinear site response. A 
shortcoming of the Shi and Asimaki (2017) model is that it has not been validated in the manner 
of site terms in ground motion models. A model by Hashash et al. (2018) for site amplification is 
also under development; this uses the Shi and Asimaki (2017) approach with many randomized 
profiles to develop average amplitude and phase factors. This approach too requires validation, 
as encountered through similar work in the central and eastern U.S., where bias in the 
simulations results was encountered for some conditions (Stewart et al. 2017a).  

The objective of this project was to develop a Fourier-based empirical site amplification model 
for use on the SCEC BBP to supplement the above methods. We used data recorded in 
California and Nevada, but the model was not finalized because the observed nonlinearity was 
not statistically significant for critical Vs30 bins. We expect this will be resolved in the proposed 
continuation project (proposal submitted to SCEC) by refining the analysis region, expanding 
the database of recorded ground motions, and will supplement the analysis with simulations if 
necessary. This model would serve as an immediate improvement to the existing response 
spectra-based model on the BBP and would be an epistemic alternative to the previously 
described nonlinear models (once they become available.) This will allow the BBP simulations to 
be used in site-specific forward applications and will permit future validation efforts beyond the 
median response spectra.  

Background 

The difference between an intensity measure (e.g., FAS) of a recorded ground motion and a 
model prediction is referred to as a residual, R (the difference is on the natural logs). Non-zero 
residuals occur for a variety of reason. A portion of the differences are purely random, having 
no known associations. Other portions of the residuals are more systematic, for example the 
ground motions for a particular event or a particular site may be systematically high or low 
relative to the global average. These systematic differences are referred to as event terms and 
site terms, hE and hS, respectively.  
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As shown in a variety of publications, including Stewart et al. (2017b), the ergodic site response 
(FS) can be computed as,  

 𝐹" = 𝐹$%& + 𝐹&$          (1) 

where 	𝐹$%& and 𝐹&$  are the linear and nonlinear site amplification components. Site and event 
terms hE and hS, respectively, can be computed using mixed effects analysis procedures, as 
described in Abrahamson and Youngs (1992) and Appendix A of Stewart et al. (2017b).  

Data and Ground Motion Model 

For calculating residuals, we used the Bayless and Abrahamson (2018) ergodic FAS GMPE. We 
used a subset of the PEER NGA-West2 database (Ancheta et al., 2014) having suitable rupture 
distances, at least five recordings per earthquake, and excluded earthquakes and recordings 
identified as questionable in quality or with undesirable properties. We use the recommended 
lowest and highest usable frequencies of the Fourier amplitudes as determined from 
Abrahamson and Silva (1997). Data from California and Nevada are used because the ground 
motion model was developed using this data. 

Site Amplification Model – nonlinear component 

Following the Seyhan and Stewart (2014) approach, the residuals from the reference (Vs30=1000 
m/s) condition GMPE were binned by the parameter Vs30 to examine the nonlinearity of the site 
amplification with respect to input peak acceleration. The variation of these residuals with Vs30 
is analyzed and trends are fit to develop the nonlinear portion. The residuals are fit using the 
form given by Equation 2, which has proven to be effective for representing nonlinear 
amplification (Stewart et al., 2017b): 

 𝐹$%& + 𝐹&$ = 𝑓* + 𝑓+ln	(
/01234567

67
)      (2) 

where 𝑓*, 𝑓+, and 𝑓9 are model parameters, and 𝑥;<=>6 is the amplitude of shaking for the 
reference site condition, taken as the peak ground acceleration. We set 𝑓9 =	0.1 g and perform 
a regression to get the slope parameter 𝑓+, allowing for a non-zero intercept (𝑓*), which is 
centered using the linear portion of the model. 

Ultimately the amplification model was not finalized because the observed nonlinearity was not 
statistically significant for critical Vs30 bins and some of the results were not systematic across 
neighboring frequencies. In some cases, and for certain Vs30 bins, the nonlinearity in the 
residual analysis was inverted; meaning slightly positive nonlinearity slope, or larger residuals 
for high ground motions. An example of this scenario is shown in Figure 1. The red line in this 
figure is the nonlinear fit (parameter 𝑓+ from Equation 2) and the magenta and blue lines are 
the nonlinear slopes from models by Hashash et al., (2018) and Seyhan and Stewart (2014). For 
the lowest and highest Vs30 bins, the results were stable and defensible. But for the moderate 
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bins (310 to 760 m/s) the nonlinearity implied by these results is not reasonable. We postulate 
that the paucity of data was the primary cause of this unexpected behavior.  

 

Figure 1. Variation of site amplification factors (residuals from the rock condition FAS GMPE) versus 
peak ground acceleration (rock conditions) binned by Vs30. The red line is the nonlinear fit (see Equation 
2) and the magenta and blue lines are the nonlinear models by Hashash et al., (2018) and Seyhan and 
Stewart (2014). 

Based on the results as shown in Figure 1, more work needs to be done to create a defensible 
model. These issues are addressed in our 2019 proposal, which includes several updates to the 
model development approach, and which we expect to resolve the shortcomings described 
above. First, the 2019 proposed model will be southern California region-specific. In doing so, 
the amplification model developed will be regionally appropriate and won’t carry through the 
bias of the linear amplification model developed for a larger region. Additionally, the southern 
California database will be supplemented with ground motions recorded since the conclusion of 
the NGA West2 project. We are hopeful that this additional data stabilizes the analysis of 
ground motion nonlinearity. Finally, we expect to couple the observations with results from 
ground response simulations, as needed, to develop the model. These advancements in the 
approach are described in the proposed work scope below. 

Significance 
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There is increasing recognition that simulations can be utilized in engineering applications, but 
the simulations require validation first. The results of the proposed research will facilitate 
future validations of the simulations against recorded ground motions by providing a regionally 
appropriate FAS-based Vs30 and basin depth scaling relation. In addition, the results are 
expected to be useful both for the future improvement of GMMs and for future refinements of 
the simulation routines used on the BBP. This research product would also be useful for 
correcting recorded motions to a reference site condition, e.g. the Goulet et al. (2015) 
validation. 
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