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We add differential arrival-time measurements that are derived from waveform cross correlation to the Bayesloc 
multiple-event location algorithm.  Bayesloc is a formulation of joint probability over event locations, travel time 
corrections, phase labels, and arrival-time measurement errors.  The Bayesloc formulation is hierarchical with 
distinct statistical models for each component of the multiple-event system, including prior constraints for any of the 
parameters. Bayes’ Theorem enables calculation of the joint probability for hypothesized configurations of Bayesloc 
parameters, which facilitates the use of the Markov-Chain Monte Carlo (MCMC) method to draw samples from the 
joint probability function. The marginal posteriori distribution for each parameter, or covariance between 
parameters, is inferred from MCMC samples. Differential time data are assumed to be based on waveform cross 
correlation, which results in a time difference between arrivals of similar phase for two events at a common station. 
We base the uncertainty of differential-time picks on correlation coefficient, whereas absolute arrival time precision 
– as described in previous work – is formulated as a function phase type, the station, and the individual event.  This 
allows the precision of differential and absolute time data to be distinctly different and for the uncertainty of the two 
types of data to map properly through the Bayesloc probability function. 

We have developed a synthetic data set based on the Nevada National Security Site (formerly NTS) explosions. In 
the synthetic data set arrival times are computed using a predefined, 1-dimensional velocity model plus an error 
term. The error term has an uncorrelated, random component with a standard deviation of a few tenths of a second,
which is meant to represent pick error. The error term also has a correlated component, whereby error is correlated 
for common event/phase pairs for a given station.  The correlated error has a standard deviation of a few hundredths 
of a second, which is meant to represent differential time data based on waveform cross correlation. We first note 
that the new Bayesloc algorithm unambiguously and accurately estimates the uncertainty of the two data types. 
Second, if locations are determined using the absolute-time data, then the uncorrelated error of a few tenths of a 
second results in location errors of a few kilometers. If differential-time data are used alone, then the absolute event 
location is very poorly constrained, and prior information for at least one location is needed to determine a 
meaningful result. However, if differential and absolute arrival time data are used together, then anomalously large 
arrival-time errors (the tails of the absolute-time error distribution) are determined to be phase misidentifications and 
the absolute location error is reduced to approximately 1.5 kilometers. Relative location uncertainty is estimated 
based on the covariance of location parameters for all events. For this data set, relative location errors are a few 
hundred meters. Prepared by LLNL under Contract DE-AC52-07NA27344.



Bayesloc functionality is unchanged for absolute arrival-time data set, and Bayesloc operate as a double-difference 
locator – with the added benefit of data error modeling – for correlation-picks data sets. In the general case where a 
data set is a combination of correlation and analyst picks, precise relative picks provide a cross check on the 
characterization analyst picks errors and improves identification of outlier analyst picks, both of which improve 
location accuracy and estimates of travel time corrections.  Improved measurement precision and estimation of 
travel time corrections enhance the utility of Bayesloc as a locator, and improved data-set consistency and posteriori 
error estimation enhance development of travel time calibration data sets (e.g. tomography) using Bayesloc. 
Prepared by LLNL under Contract DE-AC52-07NA27344.

In most data sets that include both absolute and differential arrival time measurements, the absolute arrival times 
control the absolute location uncertainty and differential arrival times constrain relative locations with significantly 
higher precision than absolute location.   The result is a complicated multiple-event error structure that is difficult to 
efficiently sample with a single rule set.  We current of the events and differential arrival times constrain the relative 
location of events and absolute arrival times tight constraints on the relative location between events, but
Metropolis-Hastings sampling had to be significantly revamped in the new implementation.  Because 


