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The Hayward fault is one of the most hazardous faults in the San Francisco Bay Area (SFBA), 
capable of generating M7-class earthquakes beneath densely populated urban regions. Despite its 
importance to characterizing regional earthquake hazard, observational strong-motion data for 
large Hayward fault events is nonexistent due to the fact that the last major event occurred in 1868. 
This inhibits our ability to disentangle the relative contributions of rupture processes and three-
dimensional wave propagation to spatial ground motion variability. Improving this fundamental 
understanding is critical for advancing physics-informed seismic hazard assessment. The PEER-
LBNL Simulated Ground Motion Database (SGMD) provides access to large ensembles of 
physics-based broadband simulations, offering a unique opportunity to systematically investigate 
earthquake source and path effects beyond the constraints of limited historical recordings. In this 
study, we use 50 M7 Hayward fault rupture realizations generated within the EQSIM fault-to-
structure simulation framework using the Graves-Pitarka kinematic rupture generator and a three-
dimensional regional velocity model. 

Leveraging the ensemble structure of the SGMD, we compute ensemble-averaged intensity 
measures to isolate source-related and wave propagation effects and to quantify systematic 
deviations from empirical ground motion models (GMMs). Results show that three-dimensional 
basin structure and regional velocity heterogeneity produce pronounced spatial amplification 
patterns that are not fully captured by ergodic GMMs. 

Rupture directivity generates nearly symmetric amplification and deamplification along strike, 
with peak effects at intermediate periods (~1.5 s), while large-slip patches introduce localized 
variability. Wave propagation and basin effects dominate at longer periods and account for the 
largest deviations from GMM predictions overall. This study demonstrates how large ensembles 
within the SGMD enable rigorous separation of physical mechanisms controlling ground motion 
variability, helping to address knowledge gaps created by sparse observational data. The findings 
contribute to a deeper understanding of earthquake source and wave propagation processes in the 
SFBA and provide quantitative guidance for the development of region-specific, non-ergodic 
ground motion models.  

 


