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v Can we use hybrid databases to construct and
improve the performance of GMMs?

1.Motivation

Figure 3. Distribution of stations and earthquake events observed and simulated in 
Southern California

2. Distribution of Simulation and Observation Data

3. Method
v Random effects regression using an existing GMM:

Two GMM development strategies v 1. Observation Only (Obs)
v 2. Hybrid (Obs+Sim)

4. Results

Figure 5. Comparison of standard 
deviations of total-, between-, and 
within-event residuals based on 
observed and hybrid data.

Figure 6. Comparison of within-event residuals of PGA based 
on observed (a) and hybrid (b) data.

5. Open Questions

v Model variability is lower when using hybrid 
data (simulation + observation).

v How do we balance the number of simulations and observations?

v Simulation data show a less variability than observations. Do the simulations underestimate natural variability?

v What is a more effective way of demonstrating that using a hybrid dataset is better than using observations alone, other than by calculating 
standard deviations and residuals?
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v Simulation (CyberShake): 332 stations. Large number of simulated events (~2 TB). 
Down-sampled before use (0.001%).

v Observation (NGA-West2): Includes 271 events from 1219 stations in Southern 
California.

Figure 1. Schematic of the ground motion model.
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Figure 4. Comparison of median 
predictions of PGA based on 
observed and hybrid data at ! ! = 6.5.

(b)

6. Needs (From a datalake perspective)

v More comprehensive parameter information (e.g., distance parameters).
v Flexible downsampling of the simulation database.
v Flexible selection of simulated events from the database.

Figure 2. Distribution of observed data.


