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Over the past year we have made significant progress in several areas of significance, as 
follows. 
 
Forecasting (Southern California Data):  

(a)  We have continued to refine the PI method for identifying the upcoming rupture 
dimension as well as location and, by extension, the total moment release, of an 
upcoming event in southern California of earthquake magnitude [1].  In addition, we 
have applied the PI technique to short-term forecasting and earthquake stress shadows, as 
shown in Figure 1, research that is also in press [2].  Figure 1 shows the results for short-
term forecasting in regions surrounding the epicenter of large earthquakes, in this case 
the 1987 Superstition Hills event.  In this case, blue regions are quiescent, while red 
regions show increased activation. 

 In addition, we have performed detailed studies using the PI index of seismicity 
changes on smaller scales, particularly as they relate to outstanding questions of stress 
interaction.  One such study for Parkfield and Coalinga, and the associated derivation for 
the relationship between stress and seismicity rate, is also in press [3]. 

Figure 1: Normalized seismicity rate changes for the region around the 1987 Superstition 
Hill earthquake, from March through December of 1988, for two month periods.  Color 
scale is normalized to the maximum.  The blue regions represent areas of reduced activity, 
while red regions are areas of increased activity. 
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(b)  At UWO, we have continued to 
investigate the relationship between the PI 
index and scenarios from the SAM technique.  
Figure 2 (right) shows anomalies at two 
locations in California.  On the top is shown 
an anomaly at approximately 37.5°, -121.5°.  
At the bottom of Figure 1 are shown several 
anomalies along the San Jacinto and southern 
San Andreas.  Scenarios for the Calaveras 
fault (Figure 3, below) produce cumulative 
Benioff strain curves with a correlation that 
suggests that the region is nearing failure.   

Earthquake Fault Systems Physics:   
 
(a) At UWO we have focused on investigating 
the relationship between seismicity rate 
changes and spatial and temporal length 
scales. Using a rate trend analysis developed 
by S. Levin, a postdoctoral researcher 
working with SAM at UWO, and an 
autocorrelation analysis, we have identified 
spatial distances on the order of 150 km from 
large events that appear to demonstrate 
regular, pronounced activity (Figure 4).  We 
have begun a comparison with anomalous 
activity locations identified using the PI index 
[5]. 
(b)  We have also begun studying the temporal time scales identified using this same 
methodology.  In this case, we have begun preliminary analyses using an eigenvector 
decomposition technique, the Karhunen-Loeve expansion technique.  Preliminary results 

Figure 3:  Cumulative Benioff strain calculation for the Calaveras fault, north of San 
Francisco, corresponding to the small anomaly seen in Figure 1, top.  Note the good fit to 
the AMR curve, implying a failure time in the near future. 

Figure 2:  PI index for two 
subregions of the 1999-1989 
calculation (Tiampo et al., EPL, 
2002).  The color scale is 
logarithmic, where the value is the 
exponent to the base 10. 



suggest that these 
spatial scales are 
related to different 
physical processes 
in the earthquake 
fault network, and 
shows promise for 
identifying stress 
diffusion rates for 
these processes [5].  
(c) We have 
implemented a new 
data assimilation 
process to produce 
three-dimensional 
maps of 
deformation in 
California using 
GPS and InSAR 
data [6]. 
(d) We have made 
significant progress 
in understanding 
one of the basic 
statistical 
parameters of mean field systems, ergodicity, and applied it to the southern California 
fault system seismicity.  This work was published in both PRL and PAGEOPH [9, 10]. 
We have shown that the property of ergodicity is related to the stationarity of the system, 
and can be used to identify multiple spatial correlation lengths. Finally, this supports our 
hypothesis that earthquake fault systems have characteristics of mean-field systems.  
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