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Executive Summary 
In PSHA, the epistemic uncertainty of the ground-motion model (GMM) is traditionally included using logic trees 
with a small set of alternative published ground-motion models (GMMs) on the branches. The PSHA is then 
conducted for each of the GMMs on the logic tree.  Recently, the published GMMs have begun to be treated as 
samples from a continuous distribution of possible GMMs.  In the SWUS project, Sammon maps were used to 
discritize the continuous distribution of GMMs into a suite of about 30 representative GMMs, which were then 
used as the branches on a logic tree.  The weights on the GMM branches were statistical weights based on the 
sampling of the continuous distribution. 

PSHA practice is moving toward using non-ergodic GMMs in which the median ground motion for a given 
magnitude and distance varies as a function of the location of the earthquake and the location of the site.  For the 
non-ergodic approach, use of a small number of alternative GMMs in the logic tree will not adequately capture the 
effects of the epistemic uncertainty in the location-specific source and path effects in the non-ergodic GMMs. 
Instead, hundreds of alternative GMMs will be needed to capture the epistemic uncertainty of the non-ergodic path 
terms from different ray paths through the crust.  Using a large number of banches on the logic tree leads to a large 
increase in the computational time required for the PSHA.  

To make the fully non-ergodic GMM method practical for PSHA applications, an efficient method to propagate 
the epistemic uncertainty in median ground motion is needed to capture the range of source and path effects for 
each source and site location. Rather than requiring faster and faster computers, we can dramatically speed up the 
calculations using the Polynomial Chaos (PC) approximation for propagating the effect of the epistemic 
uncertainty in the hazard due to the epistemic uncertainty in the median ground motion.  Using the PC method, 
more accurate fractiles can be estimated in less time as compared to the traditional approach using logic trees with 
discrete sampling of the distribution for the median GMM.  For example, using the PC method in the HAZ45 
PSHA program, the computational savings using the PC method as compared to the traditional logic tree approach 
with 100 branches for the GMMs is about a factor of 40.  In addition, the PC method leads to significant reductions 
in the memory requirements compared to a logic tree with a large number of branches for the median GMM: the 
memory reduction is the ratio of the number of GMM branches to the order of the PC expansion. 

A limitation of the methodology presented in the first part is that the epistemic uncertainty in the median ground 
motion is assumed to be fully correlated across all scenarios: as in the scaled-backbone approach, if the median 
ground motion is above average for one scenario (M and R) it is also above average for all other scenarios.  This 
assumption of full correlation does not affect the mean hazard, but it leads to broader fraciles.  The assumption is 
removed in the second part of the report. For the NGA-W2 GMMs, the effect of using partial correleation rather 
than full correction is a narrowing of the fractiles,  with the difference mainly for the lower fractiles.  This effect 
could be different for other sets of GMMs. There is an additional computational cost of about a factor of 5 for 
including partial correlation.    
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