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Introduction 

Empirically derived attenuation relations are the most commonly used methods of estimating strong 

ground motion in Probabilistic Seismic Hazard Analysis (PSHA). An attenuation relation consists 

generally of a mathematical expression for a ground motion parameter (e.g. PGS, Spectral Acceleration) 

as a function of distance, magnitude and a variety of other parameters that include corrections for fault 

type, soil conditions, directivity etc. Over the years, these relations have attained a high level of 

sophistication, but the complexity of earthquake processes and seismic wave propagation means that there 

is a high variability among commonly used attenuation relations and that the standard deviations are 

large.  

The limitations are particularly evident when 3D propagation effects become important, for instance in 

basin structures such as the Los Angeles Basin. Site corrections can alleviate these problems to a certain 

degree, but real 3D effects are a complex function of source and receiver geometry that cannot be 

captured with simple formulations. Even in 1D cases, the attenuation relations have shortcomings, such 

critical Moho reflections that only waveform modeling can address properly. Therefore any real 

breakthrough in advancing ground motion estimates have to come from applying waveform modeling to 

the hazard calculations. 

Traditional attenuation relations include both the source and propagation terms, and options for including 

source complexity are limited to probabilistic distribution of point sources on a plane and simple 

directivity corrections (Somerville 2003). Uncertainties in dynamical rupture parameters such as rise-time 

and rupture velocity are more easily (and directly) included with theoretical ground motions. Moving to 

theoretical ground motion calculations therefore not only allows us to include more physical models of 

the propagation and attenuation effects, but also to apply far more sophisticated probabilistic 

representations of the source process. 

The importance of waveform based attenuation relations and their implementation in OpenSHA have 

been recognized by SCEC through Pathway 1 and 2 of the SCEC Community Modeling Environment. 

Future developments will likely include the use of 2D and 3D methods to synthesize ground motions, but 

these will only become feasible when computing capabilities have advanced dramatically, in which case 

they could be readily implemented in the proposed framework.  

New developments by the authors in Probabilistic Tsunami Hazard Analysis are particularly relevant for 

this project. Designed along similar lines as traditional PSHA, our tsunami hazard analysis uses 2D 

tsunami waveforms instead of attenuation relations to account for wave propagation effects. Tsunami 

propagation is too complicated to be represented by simple attenuation relations, but at the same time, 

computing synthetic waveforms in laterally varying structure (i.e. bathymetry) are very fast and efficient 

in the linear approximation. Using subfault Green’s functions, we are now able to compute probabilistic 

tsunami heights of exceedance for large areas using fault rupture models that are similar to those used for 

PSHA. Our experiences in this field are of great value for the implementation of waveform based 

attenuation relations into OpenSHA. 

We have already interacted with SCEC staff with regards to implementation of this module into 

OpenSHA, and will consult further as the project advances. We intend to request a no-cost extension for 

this project since a large part of the implementation works has to be done yet.  

 



 2

 

 
 

 

 

 

Figure 1.  Probabilistic tsunami hazard for the northeastern Indian Ocean for three return periods. 

The tsunami heights were computed using summation of 3-D subfault Green’s functions for the entire 

Sumatran subduction zone recorded along the coast around the Indian Ocean. 

 


