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A study on model selection methods for ground-motion prediction equations using syn-
thetic data
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Numerous ground motion prediction equations (GMPESs) have been proposed for the purpose of assessing seismic haza
However, a critical problem is that how to select appropriate GMPEs for the application of GMPESs to practical engineering
problems.

Recently some model selection methods for GMPESs that evaluate the agreement between observed and predicted data h:
been proposed. In present study, in order to check the properties of model selection methods, we compare the model sele
tion methods by using artificial dataset generated by a known GMPE. As candidate model selection methods, we have chose
three methods, that is, analysis of root mean square residual (RMR), the log-likelihood method (LLH method, Scherbaum et al.
2009, BSSA) and the Euclidean distance-based ranking method (EDR method, Kale and Akkar, 2013, BSSA). The analysis ¢
RMR is one of the simplest methods to evaluate the difference between observed data and medians of GMPE model. On tt
other hand, the LLH method quantifies the distance between observed data and GMPEs defined as probability density functic
(both of median and standard deviation), based on information-theoretic perspective. However, Kale and Akkar (2013) point:
out the problem that the LLH method may favor GMPEs with larger standard deviations. The EDR method considers not only
ground-motion uncertainty of model through standard deviation, but also agreement between the median estimations of mode
and observed data trend (model bias).

First, we assumed a vertical strike-slip fault with moment magnitude 7.0. We randomly chose 200 sites, whose fault distance
are up to 200km. Next, we calculated theoretical PGA and response spectral acceleration for 16 periods using ground motio
prediction model of Chiou and Youngs (2008, Earthqg. Spectra), which is referred to as CY08 hereafter. And, we generated thre
kinds of synthetic dataset by adding three types of random noise with (1) zero standard deviation, (2) standard deviation of CYO¢
and (3) twice the standard deviation of CY08, respectively.

We selected five candidate GMPEs, that is, CY08, Abrahamson and Silva (2008, Earthg. Spectra), Campbell and Bozorgni
(2008, Earthq. Spectra), Zhao et al. (2006, BSSA) and Kanno et al. (2006, BSSA), and ranked the performance of candidat
GMPEs for each synthetic dataset. In analysis of RMR that does not account for standard deviations of the prediction models
CYO08 is stably ranked the best performing model for all kinds of synthetic dataset. The LLH method basically ranked CY08 as
the best performing model for synthetic dataset (1) and (2), but it favored GMPEs with larger standard deviations for synthetic
dataset (3). It suggests that the standard deviation of model is emphasized more than the median when we apply the LLH meth
to poor quality data. In the EDR method, in principle, the parameter to measure the level of model bias of CY08 is not able to be
calculated for synthetic dataset (1) that does not have random noise. For synthetic dataset (2) and (3), however, the EDR meth
ranked CYO08 as the best performing model both in the point of view of model uncertainty and model bias.

F—U— P EEERE L, BB TIE TV, D TR, EBOUCES, 21— ) v REEEES V& 2 7k
Keywords: attenuation relationship, ground motion predicting equation, root mean square residual, the log-likelihood method
the Euclidean distance-based ranking method

1/1



