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As empirical data sets have grown in the last 10 years, it has become clear that there are significant differences in
the site, distance, and source scaling of ground motions within broad tectonic categories and within regions. As
the systematic source, path, and site effects are included in the GMPEs, there is a large reduction in the aleatory
variability. Fully non-ergodic ground-motion models have aleatory variability of about 0.4 ln units compared to
ergodic aleatory variability of about 0.6 to 0.7. To use this reduced aleatory variability, the median source, path,
and site effects and the epistemic uncertainty in the median need to be estimated for each source/site combination.
This method has been used in California, but it is also applicable to regions with sparse data. If there is little
data in a region to constrain the systematic source, path, and site effects, this does not make the ground-motion
ergodic, instead there should be large epistemic uncertainties in the non-ergodic terms. To estimate the epistemic
uncertainties requires the variance and spatial correlations of the deviation of the source, path, and site terms from
the ergodic global median model. For regions with sparse data, the variance and spatial correlation structure from
regions with adequate data can be applied. That is, we assume that the variance and the spatial correlation can be
transported to other regions. As an example, the non-ergodic model is applied to a site with no region-specific data.
In this case, there is no change in the mean hazard, but there is a large increase in the epistemic uncertainty range
of the hazard.


