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Abstract 
The increasing accuracy of 3-D earthquake ground motion simulations and demand for long-period (T>1 s) probabilistic 
ground motions motivate the investigation of a potential method for incorporating simulated ground motions into the U.S. 
National Seismic Hazard Model. We present preliminary sensitivity results from an amplification-based approach to 
incorporating simulated ground motions into PSHA. Computations employ simulated ground motions from the Southern 
California Earthquake Center (SCEC) CyberShake Study 15.4. We outline a method for computing amplified ground 
motions and for their incorporation in probabilistic seismic hazard analysis. Empirical amplification factors from the 
analysis of small- to moderate-magnitude earthquakes are employed to identify CyberShake locations where the earthquake 
ground motions are well characterized by the ground motion prediction equations. Examining ruptures from a single seismic 
source from the Uniform California Earthquake Rupture Forecast, version 2, we identify a strong dependence of the 
amplified ground motions to the reference site and rupture realization. These preliminary results prepare the way for 
improved ground motion characterization at sites where sedimentary basin and finite-fault effects control the strong ground 
motions. 

Keywords: Probabilistic seismic hazard analysis (PSHA); ground motion simulations; ground motion characterization 
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1. Introduction 
The current state-of-practice for characterizing earthquake ground-shaking in probabilistic seismic-hazard 
analyses (PSHA) is the use of ground motion prediction equations (GMPEs) that describe ground motion 
excitation and attenuation. While modern GMPEs are developed by building models to account for the 
controlling physical phenomena and regressing the models to recorded motions ([1–3]), it is widely recognized 
that region-specific site and source effects may not be properly accounted for in GMPEs.  

The effects of 3-D geologic structures—particularly sedimentary basins—and finite-source effects on 
earthquake ground motions are examples of site and source effects that are known to produce anomalous ground 
motions. Sedimentary basins have been demonstrated to cause many complicating effects to seismic wave 
propagation, including constructive wave-wave interference, amplified surface waves, and focusing ([4–7]). 
Finite-source effects arise from the spatiotemporal evolution of the earthquake rupture, for which radiated 
seismic waves from different parts of the fault may interact ([8]). Rupture directivity is perhaps the best-
recognized finite-source effect, in which seismic waves radiated along the propagation path of the earthquake 
rupture constructively interfere, producing large ground motions. Earthquake ground motion modeling 
employing 3-D elastic wave propagation and finite-source models have succeeded in reproducing these 
important effects for ground motion characterization. ([9]). 

There is growing interest within the seismic-hazard community in the use of earthquake simulations for 
characterizing ground motions, particularly in areas where ground motion prediction is complicated by the 
effects from 3-D geologic structures. For earthquakes occurring in the western U.S., ground motion 
characterization (GMC) of the U.S. national seismic hazard model has historically been provided by a suite of 
empirically based GMPEs ([10–12]). The GMPEs include average effects of deep sedimentary basins and finite-
fault effects, such as directivity because recordings containing these features are included in the underlying 
database ([13]). However, even for regions with many ground motion recordings—such as the Los Angeles 
metropolitan area—future ground motions are likely to be far more complicated than what can currently be 
predicted by GMPEs ([14, 15]).  

Within the U.S., ground motions from 3-D simulations form the basis for GMC in a few regional seismic 
hazard analyses, commonly referred to as “urban seismic hazard maps.” Frankel et al. ([16]) developed seismic 
hazard maps for the Seattle region from 3-D simulations of earthquakes on crustal faults and within the Cascadia 
subduction zone, to account for the effects of the deep sediments and unique geometry of the Seattle basin and 
for rupture directivity. They found strong amplification of earthquake ground motions caused by focusing and 
surface wave generation within the Seattle basin compared to the GMPE-predicted ground motions.  

More recently, the Southern California Earthquake Center (SCEC) CyberShake project has computed 
long-period (T≥1 s) earthquake ground motions from all Uniform California Earthquake Rupture Forecast, 
version 2 (UCERF2) ([17]) fault ruptures in the Los Angeles, California region ([18]). The CyberShake project 
is currently extending the simulations to higher frequencies and to the set of fault ruptures from UCERF3 
mm([19, 20]). The CyberShake project introduced two novel methodologies for computing seismic hazard from 
3-D simulations. First, the ground motion simulations are computed from a database of strain Green tensors, 
which exploit the reciprocity of elastic wave propagation in order to greatly reduce the requisite number of 
calculations of 3-D wave propagation ([21, 22]). Second, the conditional probability of exceedance curves are 
empirically constructed from the suite of ground motions corresponding to the numerous realizations of the slip 
distribution and hypocenter location for each seismic source. In this way, the CyberShake model directly 
employs non-ergodic ground motion distributions at all sites.   

In this paper, we present preliminary results from one method for incorporating long-period (T≥1 s) 
ground motions from 3-D simulations into the U.S. national seismic hazard model using simulated ground 
motions from the CyberShake seismic hazard model. We first outline a method for introducing the average 
ground motion features from the simulations into the probabilistic seismic hazard calculation through the use of 
amplification factors. We then compute ground motion amplifications from the 3-D simulations, examine the 
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sensitivity of the calculation to the reference site conditions and compute the residuals between the amplified 
ground motions and best-available GMPEs.  

 

 
Figure 1: CyberShake locations and reference, rock sites identified from empirical amplification factors. All 
CyberShake locations are depicted by white squares. Reference sites (OSI, LGU, s359, PAS, PLS, s690) are 
depicted by red circles and labeled by their CyberShake names. Physiographic regions are labeled with 
boldface, italic text: Santa Ana Mountains (SAM), San Fernando Valley (SFV), San Gabriel Mountains 
(SGM), Santa Monica Mountains (SMM), Los Angeles Basin (LAB). Inset map provides regional context. 
 

2. Conditional probabilities of exceedance from simulated ground motions 
2.1 Framework for incorporating modified-means into PSHA 
Probabilistic seismic hazard analysis (PSHA) provides the rate at which a specified ground motion is exceeded 
(“rate of exceedance”) ([23–25]) and is widely applied in engineering design. In this context, we use the term 
“ground motion” to refer to true measures of earthquake-induced ground-shaking (e.g., peak ground 
acceleration, peak ground velocity) and to maximum response spectral parameters (e.g., response spectral 
accelerations). In the U.S., the NSHM—and its derivative seismic hazard maps—are obtained from a national-
scale PSHA ([10, 11]) and form the basis for the seismic provisions of the building codes ([26]). 

At a particular location, the rates of exceedance are typically computed from the discretized form of the 
hazard integral and may be expressed as (e.g., Baker, 2008): 

𝜆(𝑌 > 𝑦) = ∑ 𝜆(𝑀𝑖 > 𝑚𝑚𝑖𝑛)𝑛
𝑖=1 ∑ ∑ 𝑃�𝑌 > 𝑦�𝑚𝑗,𝑟𝑘�𝑃�𝑀𝑖 = 𝑚𝑗�𝑃(𝑅𝑖 = 𝑟𝑘)𝑛𝑅

𝑘=1
𝑛𝑀
𝑗=1                  (1) 

Where 𝜆(𝑌 > 𝑦) and 𝜆(𝑀𝑖 > 𝑚𝑚𝑖𝑛) are the rate of exceeding the ground motion 𝑦 and the rate of earthquakes 
with magnitudes 𝑀𝑖 greater than 𝑚𝑚𝑖𝑛, respectively. 𝑃�𝑀𝑖 = 𝑚𝑗� and 𝑃(𝑅𝑖 = 𝑟𝑘) are the probabilities 
characterizing earthquake magnitudes 𝑚𝑗 and source-to-site distances 𝑟𝑘. Most importantly, for this paper, is the 
probability of exceedance that the ground motion exceeds 𝑦, conditioned on the occurrence of an earthquake 
with magnitude 𝑚𝑗, at the location 𝑟𝑘, which we refer to as the “conditional probabilities of exceedance,” 
𝑃�𝑌 > 𝑦�𝑚𝑗,𝑟𝑘�.  
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PSHA typically assumes the use of a log-normal distribution of ground motions, permitting calculation of 
the conditional probabilities of exceedance from the mean 𝜇(𝑚𝑗, 𝑟𝑘) and standard deviation (sigma) 𝜎(𝑚𝑗, 𝑟𝑘) of 
the predicted, logarithmized distribution: 

𝑃�𝑌 > 𝑦�𝑚𝑗,𝑟𝑘� = 1 −Φ�ln
(𝑦)−𝜇(𝑚𝑗,𝑟𝑘)
𝜎(𝑚𝑗,𝑟𝑘)

�                                                    (2) 

Ground motion means and sigmas for the NSHM are currently obtained from suites of ground motion prediction 
equations (GMPEs) appropriate for the regional seismotectonics. For example, the 2014 NSHM used five 
GMPEs to characterize ground motions from shallow crustal earthquakes in the western U.S. ([27–31]). 

Our focus is on exploring one method for modifying the mean (logarithmized) ground motions 𝜇(𝑚𝑗, 𝑟𝑘) 
employed in calculating the conditional probabilities of exceedance: 

𝜇𝑚𝑜𝑑�𝑚𝑗, 𝑟𝑘� = 𝜇�𝑚𝑗, 𝑟𝑘�+ 𝛿(𝑚𝑗, 𝑟𝑘)                                                        (3) 

Identifying such amplification factors 𝛿(𝑚𝑗, 𝑟𝑘)—which may vary with source and site—may be implemented 
for PSHA in a straightforward manner to provide the exceedance probability incorporating the average (basin 
and finite-fault) features of 3-D simulations, 𝑃𝑠𝑖𝑚�𝑌 > 𝑦�𝑚𝑗,𝑟𝑘�: 

𝑃𝑠𝑖𝑚�𝑌 > 𝑦�𝑚𝑗,𝑟𝑘� = 1 −Φ�ln
(𝑦)−𝜇�𝑚𝑗,𝑟𝑘�−𝛿(𝑚𝑗,𝑟𝑘)

𝜎(𝑚𝑗,𝑟𝑘)
�                                           (4) 

The goal of this work is the incorporation of regionally appropriate basin amplification and finite fault 
effects into seismic hazard analyses. Because these effects are incorporated in GMPEs in an average manner, but 
strongly depend on local basin geometry and fault orientations, this effort may greatly improve seismic hazard 
characterizations. This sensitivity study of amplification factors was recommended by the U.S. Geological 
Survey Working Group on Urban Seismic Hazard Models. The recommendation was based on the viewpoint that 
the mean values from the simulations may be more robust than the full ground motion distributions, which 
require knowledge and proper characterization of the underlying source rupture parameters. However, we 
recognize that alternative methods exist for incorporating the ground motions from 3-D simulations into the 
NSHM and PSHA, in general (e.g., [32]). Unlike CyberShake, this approach does not modify the standard 
deviations of the ground motion distributions, and therefore, cannot reduce the uncertainty contribution from the 
ground motion distribution ([33]). 

We explore spatially varying ground motion amplifications relative to the GMPE-predicted ground 
motions by analyzing sets of ground motions from individual seismic sources. For comparison, the CyberShake 
project employs a fundamentally different approach to computing the conditional probabilities of exceedance by 
constructing an empirical conditional probability curve from the suite of ground motion simulations. 

2.2 Cybershake Ground motion simulations 

The sensitivity calculations use the ground motions from CyberShake Study 15.4. We briefly summarize details 
of the simulations here. Full details about the CyberShake methodology and simulations can be found in Graves 
et al. ([18]) and at the CyberShake Project website1. CyberShake simulations comprise the ~7,000 seismic 
sources from the Uniform California Earthquake Rupture Forecast, Version 2 ([17]) that affect sites in the 
CyberShake region, with variations in the slip distribution and hypocenter location for each source. We use the 
term “seismic source” in the context of seismic source characterization for PSHA—the magnitude, location, and 
recurrence of one event (e.g., [11, 34, 35]). We refer to each realization of slip distribution and hypocenter 
location as one rupture model for the particular seismic source. The ground motion simulations employ 3-D 
seismic velocity models of southern California ([36, 37]) that have been subjected to various updates and testing 
with small- to moderate-sized local earthquakes ([38–40]). Anelastic seismic wave propagation is computed with  
finite-difference code, AWP-ODC ([41, 42]). The CyberShake workflow outputs ground motion time series at 

1 https://scec.usc.edu/scecpedia/CyberShake, last accessed May 4, 2016 
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each site, for all seismic sources and slip-hypocenter realizations, with a maximum frequency of 1 Hz. Our 
analysis focuses on response spectral accelerations (2, 3, 5 s periods) computed from the geometric mean of the 
horizontal-component time series. 

 

3. Methodology for computing amplified ground motions  
We follow the approach developed by Frankel et al. ([16]) to compute the amplified ground motions from the 
CyberShake simulations. For each CyberShake location, we compute the amplification of 5-percent-damped 
pseudo-spectral acceleration 𝑆𝐴 for a particular site 𝑠𝑖, source 𝑒𝑗 and rupture ℎ𝑘 relative to the ground motions at 
a reference site 𝑠𝑟𝑒𝑓: 

𝐴𝑟𝑒𝑓(𝑠𝑖, 𝑒𝑗,ℎ𝑘) = 𝑆𝐴(𝑠𝑖,𝑒𝑗,ℎ𝑘)
𝑆𝐴(𝑠𝑟𝑒𝑓,𝑒𝑗,ℎ𝑘)

                                                            (5) 

Amplified ground motions from a specified reference site 𝑆𝐴𝑎𝑚𝑝,𝑟𝑒𝑓 are then computed from the GMPE-
predicted ground motions, with Vs30=760 m/s, 𝑆𝐴𝐺𝑀𝑃𝐸𝑉𝑠30=760 as: 

𝑆𝐴𝑎𝑚𝑝,𝑟𝑒𝑓(𝑠𝑖, 𝑒𝑗,ℎ𝑘 , 𝑟𝑟𝑒𝑓) = 𝐴𝑟𝑒𝑓(𝑠𝑖, 𝑒𝑗,ℎ𝑘)𝑆𝐴𝐺𝑀𝑃𝐸𝑉𝑠30=760(𝑠𝑟𝑒𝑓 , 𝑒𝑗)                                      (6) 

For the case of multiple rupture models—such as the multiple (𝑁) realizations of slip distributions and 
hypocenter locations of CyberShake—and multiple (𝑁𝑟𝑒𝑓) reference sites with relative weightings 𝑤𝑟𝑒𝑓, the 
amplified ground motion computation generalizes to: 

𝑆𝐴𝑎𝑚𝑝(𝑠𝑖, 𝑒𝑗) = ∑ 𝑤𝑟𝑒𝑓 �
𝑆𝐴𝐺𝑀𝑃𝐸

𝑉𝑠30=760(𝑠𝑟𝑒𝑓,𝑒𝑗)
𝑁

∑ 𝐴𝑟𝑒𝑓(𝑠𝑖, 𝑒𝑗,ℎ𝑘)𝑁
𝑘=1 �𝑁𝑟𝑒𝑓

𝑟𝑒𝑓=1                            (7) 

    
Figure 2: Empirical amplification factors near six CyberShake locations (PAS, LGU, OSI, s690, s359, PLS), 
where the empirical ground motion response at 2, 3 and 5 s oscillator periods is similar (±60%) to the 
GMPE-predicted ground motions. Black lines depict the mean ground motion amplifications, with the gray 
envelope showing the standard error. 

 

This approach for computing amplified ground motions captures the average amplifications caused by 
sedimentary basins and finite source effects, while also requiring that the simulated ground motions match the 
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ground motions from the GMPEs for reference rock sites. Agreement between the simulated and GMPE-
predicted motions at rock sites is a critical requirement for the national-scale PSHA of the NSHM, where 
uniform conditions (Vs30=760 m/s) prevail ([10],[11]), and we wish to avoid step functions in predicted ground 
motions, especially for rock sites, where the large database of ground motions gives us good confidence in the 
empirical results ([13]).  

3.1 Identifying reference, rock sites 
A critical issue for these computations is the identification of CyberShake locations where the ground motions 
are well characterized by the GMPEs. We employed empirical amplification factors (EAFs) ([43]) computed for 
seismometers in southern California to identify stations where the recorded ground motions are within a factor of 
1.6 of the GMPE-predicted ground motions at oscillator periods of 2, 3 and 5 s (Figure 1). We observed 
significant variability in the shorter period (T<2 s) EAFs for the selected sites that largely reflect the varying 
nature of the shallow subsurface; however, these responses are of no consequence to the long-period ground 
motions of interest. Six reference sites were identified as being located within 1 km of a seismic station 
expressing acceptable long-period empirical amplification with respect to the GMPEs. Ground motions at these 
reference sites behave similarly to GMPE-predicted (Vs30=760 m/s) ground motions. 
 

 
Figure 3. Response spectral accelerations from ruptures scenarios of M7.9 southern San Andreas earthquakes 
and from the Abrahamson et al. (2014) [27] (ASK14) GMPE for (a) 5 s, (b) 3 s and (c) 2 s periods are 
depicted at the six reference rock-sites. The legend indicates hypocenter location. 

 

4. Amplified ground motions from representative sources 
We computed amplified ground motions from one UCERF2 seismic source to begin to examine the sensitivity to 
underlying rupture parameters and reference sites. The seismic source for this sensitivity study is the southern 
San Andreas (CH+CC+BB+NM+SM) M7.85 (source 64, rupture 3) with hypocenters located at northern, central 
and southern positions (variations 67, 199, 223), representing three rupture models as defined earlier. All ground 
motions were taken from the calculations of SCEC CyberShake Study 15.4. 

 Simulated ground motions at the reference rock sites exhibit variable sensitivity to the rupture scenarios 
(Fig. 3). Although ground motion variability at many sites is relatively small (e.g., PAS, 5 s), some stations 
exhibit significant variability. For example, site s690 at 5 s period, records ground motions ranging 9.6–116.5 
cm/s2 for the three rupture models. Presumably, the large variations in ground motion are caused by directivity 
and the distance and orientation of controlling slip patches from the rupture scenarios. Fig. 3 also includes the 
predicted ground motions from the Abrahamson et al. ([27]) GMPE. The apparent discrepancy between the 
simulated and GMPE-predicted ground motions at some reference sites may be caused by the incomplete rupture 
set of this sensitivity test, strong and persistent finite-fault effects, or errors in the empirically based GMPE. 
While our approach enforces the empirically based ground motions at these sites (Eq. 6), investigation of these 
discrepancies and their effects on the amplified ground motions is warranted. 
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Using all three selected ruptures, we compute amplified ground motions for each reference site (Eq. 6). 
Unsurprisingly, and not presented here, we observed a strong dependence of the amplified ground motions to the 
rupture realization because of finite-fault effects, most notably source directivity. Examples of the amplified 
ground motions from the six reference sites, at 5 s period, are depicted in Fig. 4. The spatial patterns of the 
reference site amplified ground motions show high similarity. However, the absolute ground motions vary by up 
to a factor of about 2. The spatial patterns from the 3 and 2 s period amplifications are similar, and the 
differences among the reference sites are less than for the 5 s result.  

 

 
Figure 4. Amplified ground motions, 5 s spectral accelerations (Eq. 6), for the six reference rock sites of the 
study (LGU, OSI, PAS, PLS, s359, s690).  

 

 
Figure 5. Amplified ground motions for source 64, rupture, southern San Andreas (sSAF) seismic source. 
Panels depict spectral accelerations at oscillator periods of (a) 2 s, (b) 3 s and (c) 5 s. Panels include 2- and 4-
km contours of Z2.5 depths. The fault trace is plotted in all panels and labeled in panel (a). 

 
Although all reference sites were selected to exhibit ground motion response that agreed with Vs30=760 

m/s GMPE predictions, the empirical amplifications were derived for small- to moderate-sized earthquakes and 
did not account for strong rupture directivity. In addition, our criterion for identifying reference rock sites 
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permits site-to-site amplification-discrepancies of about a factor of 3. We interpret the reference site dependence 
to result from a combination of directivity effects and minor variations in site response. We employ equal 
weighting of all reference sites (Eq. 7) because we aim to capture average basin and finite-fault effects, and we 
judge that use of increasing numbers of reference sites stabilizes these results. 

The final amplified ground motions (Eq. 7) computed with employing equal weights for all reference-site-
amplifications are depicted in Fig. 5.  The spatial patterns of the amplified ground motions are similar at all 
periods, with ground motion levels decreasing with increasing period. Amplified ground motions are high in the 
near-source region and at sites overlying the sedimentary basins. 

4.2 Residuals between the amplified ground motions and GMPEs 

We compute the ground motion residual parameter 𝜀 to identify differences between the amplified ground 
motions (Eq. 7) and the NGA-W2 GMPEs. The 𝜀 values highlight differences between the adjusted, simulated 
ground motions, which are constrained to match the GMPE predictions at the reference sites, and the predictions 
from the GMPEs:  

𝜀�𝑠𝑖, 𝑒𝑗� = 𝑙𝑛 𝑆𝐴𝑎𝑚𝑝�𝑠𝑖,𝑒𝑗�−𝑙𝑛 𝑆𝐴𝐺𝑀𝑃𝐸
𝑉𝑠30,𝑍1,𝑍2.5(𝑠𝑖,𝑒𝑗)

𝜎𝐺𝑀𝑃𝐸,𝑙𝑛(𝑠𝑖,𝑒𝑗)
                                                 (8) 

Examples of the 𝜀 values from the use of the ASK14 GMPE are presented in Fig. 6. The GMPE-predicted 
ground motions employ variable Vs30 and basin depths (Z1, Z2.5) to provide the best-possible empirically 
derived characterization of the ground motion. We did not implement empirical adjustments for directivity (e.g., 
[44]), which may reduce ground motion discrepancies—and result in smaller 𝜀 values—between the GMPEs and 
the amplified ground motions in those areas affected by rupture directivity. 

 

 
Figure 6. Residuals (𝜀) for amplified ground motions from source 64, southern San Andreas Fault, computed 
with the ASK14-predicted ground motions. Panels depict  values for          
and (c) 5 s. 
 

Ground motion residuals exhibit strong correspondence with geologic structures and the seismic source, 
indicating differential source and basin effects from the 3-D simulations compared to the empirically based 
GMPEs. Large, positive ground motion residuals are associated with the deep sedimentary basins of the Los 
Angeles region. The amplified ground motions indicate that rupture of the southern San Andreas Fault strongly 
amplifies ground motions in the deep basins of the Los Angeles metropolitan region. Amplifications are 
particularly pronounced through the San Fernando Valley and increase with increasing oscillator period. These 
calculations reproduce earlier numerical and semi-empirical observations of the strong excitation of seismic 
waves within the Los Angeles sedimentary basins from earthquakes on the San Andreas Fault and lead to greatly 
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increased long-period ground motions, relative to the predictions from GMPEs ([15],[45],[32]). For the 2 and 3 s 
results, the ground motion residuals in the Santa Monica Mountains are close to zero, indicating a relative 
agreement between the simulated and GMPE-predicted ground motions; at 5 s, the ground motions from the 3-D 
simulation are slightly elevated with respect to the GMPE-predicted ground motions.  

 
Figure 7. Histograms of 𝜀 for CyberShake locations at shallow (𝑍2.5 < 1 𝑘𝑚) and deep (𝑍2.5 ≥ 1 𝑘𝑚) 
basin sites for periods of (a) 2 s, (b) 3 s and (c) 5 s. Mean values of the distributions are presented in Table 1. 

 

Histograms of the 𝜀 values for shallow (𝑍2.5 < 1 𝑘𝑚) and deep (𝑍2.5 ≥ 1 𝑘𝑚) basin sites further indicate 
the greater ground motions resulting from the simulations compared to the empirical GMPEs. Histograms from 
the shallow sites are generally centered about 𝜀 = 0, while the histograms from the deeper sites indicate most 𝜀 
values are positive. Mean 𝜀 values (𝜀)̅ are tabulated in Table 1. For all periods, the ground motion residuals for 
the shallow basin sites are small (|𝜀|̅ < 0.1), indicating a good general agreement between the GMPE-predicted 
and simulated ground motions. For the deeper basin sites (𝑍2.5 ≥ 1 𝑘𝑚), 𝜀 ̅values range 0.18–0.65 and increase 
with oscillator period.  

  

Table 1: Mean 𝜀 ̅values from shallow (𝑍2.5 < 1 𝑘𝑚) and deep (𝑍2.5 ≥ 1 𝑘𝑚) sedimentary basin sites. 
Period (s) 𝜀 ,̅𝑍2.5 < 1 𝑘𝑚 𝜀 ,̅𝑍2.5 ≥ 1 𝑘𝑚 

2 -0.01 0.18 
3 0.08 0.42 
5 0.08 0.65 

 

5. Conclusions 
Following the amplification method applied in the Seattle urban seismic hazard model, we outline a method for 
incorporating simulated ground motions into the U.S. National Seismic Hazard Model by modifying the mean of 
the probability density function describing the ground motion distribution. The method captures important basin 
and finite-fault effects, which are strongly influenced by the basin and fault geometries for the Los Angeles 
metropolitan region, but also ensures agreement between the simulated ground motions and the empirically 
derived ground motion prediction equations at reference rock sites. This approach has the benefit of requiring 
that the amplified ground motions from the simulations match the empirically predicted ground motions.  

We perform preliminary sensitivity tests of the amplification computation using ground motions from the 
CyberShake project. We focused on variations of the ground motions from a M7.9 earthquake on the southern 
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San Andreas Fault, with hypocenter locations at the northern, central and southern parts of the fault. Reference 
rock-site locations were identified from the set of CyberShake locations by examining empirical amplification 
factors from small- to moderate-sized earthquakes. Despite the fact that the empirical amplifications of the 
reference sites exhibited good agreement with GMPE-predicted ground motions, we find significant variation in 
the amplified ground motions resulting from the six reference sites. The weighted, amplified ground motions 
show good general agreement with empirically predicted ground motions for sites where the sediment depths are 
shallow (𝑍2.5 < 1 𝑘𝑚). At sites overlying deeper sediments (𝑍2.5 ≥ 1 𝑘𝑚), the amplified ground motions are 
significantly greater, on average, than what is predicted by the GMPEs, and the discrepancy increases with 
increasing oscillator period. This observation is consistent with previous analyses and suggests that the simulated 
ground motions—and the resulting amplified ground motions—may better predict the strong ground shaking that 
may be expected at basin sites in the Los Angeles region for future earthquakes.   
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