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Since the 1999 Chi-Chi earthquake, the strong-motion recordings in Taiwan have in-
creased tremendously. This offers an opportunity to explore the variability of ground
motion estimates in Taiwan and to check the validity of theergodicassumption com-
monly adopted in the standard probabilistic seismic hazard analysis. Chen and Tsai
(2002) proposed the variance-components technique to decompose the prediction er-
ror of ground motions into three components: the earthquake-to-earthquake, the site-
to-site, and the residual. The total variance of the prediction error could accordingly
be divided into the corresponding three components. From a data set of over seven
thousand records with various site conditions, we find that the relative percentages of
the three components of variances are dependent on the numbers of earthquake events
and stations in the sampled records, and the variances of the earthquake and the site
components are in general smaller than that of the residual. It is apparent that the
path-to-path component of error in ground motions is embedded in the residual. The
Chen and Tsai’s procedure cannot, however, resolve an additional component of the
path error from the residual. We show here that if the variability of the path effect is
empirically knowna priori, the path-to-path component of error can be further split
off from the residual. From the data set in this study, it is plausible to assume that the
variability of the path component is comparable to that of the earthquake and the site.
The uncertainty of prediction error reduces dramatically after ground motion estimates
have been corrected considering the site and path effects of variability in ground mo-
tions. Nevertheless, in contrast to the site effect, the path component of error cannot



be directly eliminated from the ground motion estimates for future earthquake events.
One possible way to take into account the path effect is to turn it into useful informa-
tion like the 3D velocity structural model obtained from the inversion. If a 3D model
describing the path effect for each source-to-site pair can be constructed, the reduction
in ground motion variability accounting for both the site and the path effects may be
feasible. This has significant implications for probabilistic seismic hazard analysis.


