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Many large earthquakes are preceded by a regional increase in seismic energy 

release. This phenomenon, called “accelerating moment release” (AMR), is due primarily 

to an increase in the number of intermediate-size events in a region surrounding the 

mainshock (Bowman et al., 1998). Bowman and King (2001) and King and Bowman 

(2003) have described a technique for calculating an approximate geologically-

constrained loading model that can be used to define regions of AMR before a large 

earthquake. While this method has been used to search for AMR before large earthquakes 

in many locations, most of these observations are “postdictions” in the sense that the 

time, location, and magnitude of the main event were known and used as parameters in 

determining the region of precursory activity.  

Ideally, AMR could be incorporated into a method for prospectively forecasting 

future large earthquakes. Some preliminary studies have successfully integrated AMR 

into grid-search algorithms that systematically examine moment release in circles of 

radius R (related to the magnitude of the large earthquake) that are shifted across the 

region of interest [i.e. Robinson, 2000; Papazachos and Papazachos, 2001; Yang et al., 

2001]. Bowman and King [2001] suggested an alternative forecasting strategy that 

involves modeling the stress field before large earthquakes, and using the resulting stress 

pattern to define the region of precursory AMR. They proposed a tectonic loading model 

that can be used to calculate the stress field that would be expected around a major fault 

structure prior to rupture in a large event. Using this loading model to define regions of 

precursory stress increase, they documented AMR preceding all large (M ≥ 6.5) 

earthquakes in southern California since 1950.  

In 2006, SCEC funded the geophysics group at Cal State Fullerton to conduct a 

study of the factors that control the duration of AMR before large earthquakes.  The 

objective of this work is to provide a strong theoretical and observational basis for 



Accelerating Moment Release, with the ultimate goal of developing a testable AMR-

based earthquake forecasting algorithm. Our work in the past year has encompassed both 

the observational and theoretical aspects of the problem. 

An important result of work in the past year has been the development of a new 

mathematical formulation of accelerating moment release based on King and Bowman’s 

[2003] simple model of stress accumulation. In this view, accelerating moment release is 

simply the consequence of the decrease, due to loading, of the size of a stress shadow 

from a previous earthquake. Our recent SCEC funding has supported the work showing 

that the power-law time-to-

failure equation can be 

expressed as a function of the 

loading rate on the fault that is 

going to rupture (Mignan et al., 

2007, in press). This 

mathematical reformulation of 

accelerating moment release 

shows that acceleration should 

be observed throughout the 

seismic cycle. However, if the 

signal is perturbed by 

background noise, the 

acceleration appears later 

during the seismic cycle (see fig 

to left). This phenomenon was observed in simulations by King and Bowman [2003] and 

in real data by Bowman and Sammis [2004], and may explain why no correlation has yet 

been made between the duration of acceleration moment release and the recurrence time 

of large earthquakes on the same fault.  

Our theoretical work on the duration of AMR has underlined the importance of 

observational data in distinguishing between models of accelerating regional seismicity. 

The current SCEC grant has supported continued work in this field, with the publication 

of a paper comparing the seismicity in both the “loading” and “unloading” regions 

 

 
 Schematic representation of the observed duration of 

accelerating precursory s eismicity. Time is plotted on the 
ordinate; the abscissa plots cumulative seismicity. 
Accelerating Moment Release is masked by background 
noise; the greater the noise, the later in the seismic cycle 
that acceleration is detectable. t0 indicates the approximate 
starting time determined from a temporal search. 
 



predicted by King and Bowman [2003].  This work finds that AMR is generally more 

likely to be observed in the regions predicted by Bowman and King [2001] and King and 

Bowman [2003], although the correlation is weak.  We believe that the weak correlation 

is largely a result of the relatively modest size of the events being studied in southern 

California.  To cope with this inherent problem in data from California, we are expanding 

our efforts to study AMR before great subduction events.   

As part of this project, we have also continued our efforts to document ongoing AMR in 

California.  This work is being conducted as part of the Collaboratory for the Study of 

Earthquake Predictability (CSEP), and aims to develop a formalized scientific earthquake 

forecasting experiment utilizing AMR that is suitable for submission to the CSEP Testing 

Center. We have defined our scenario events using the segmentation model developed in 

the USGS seismic hazard model for California (Petersen et al., USGS Open File Report 

96-706, 1996). The preliminary models for strike-slip scenarios on the San Andreas 

system were developed by Harmony Colella as part of an Undergraduate Thesis at CSUF. 

Some of the preliminary results from this work are presented in a paper current in press in 

the journal Pure and Applied Geophysics [Tiampo et al, 2007, in press] 

 

SCEC-funded research has led to the following manuscripts in 2006/07: 

Mignan, A., D. D. Bowman, and G. C. P. King (2006), An observational test of the origin 
of accelerating moment release before large earthquakes, J. Geophys. Res., 111, 
B11304, doi:10.1029/2006JB004374. 

Mignan, A., G. C. P. King, and D. D. Bowman (2007), A mathematical formulation of 
accelerating moment release based on the stress accumulation model, J. Geophys. 
Res., doi:10.1029/2006JB004671, in press. 

Tiampo, K. F., D. D. Bowman, H. Colella, and J. B. Rundle (2007), SAM and the PI 
index: Complementary approaches to earthquake forecasting, Pure Appl. Geophys., in 
press. 
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