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Over the past year we have made significant progress in several areas of significance, as 
follows. 

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 1).  We have 
performed the same analyses for the Chalfont Valley earthquake, the Northridge 
earthquake, the Loma Prieta earthquake, the Imperial Valley earthquake, the Coalinga 
earthquake, and several others.  Spatio-temporal correlations are quantified as diagramed 
in Figure 2, again 
for each of these 
large events 
discussed above.  
Results show that 
the locations of 
increased seismicity 
from the rate-trend 
analysis correspond 
to sites of 
anomalous 
seismicity in the PI 
analysis. 
 
 
(b)  We are studying 
the temporal time 
scales identified 
using the above 
methodology.  In 
this case, we 
employ an 
eigenvector 
decomposition 
technique, the 
Karhunen-Loeve expansion technique.  Time series are created containing the total 
number of events at each location that occurred in each year.  An eigenvector correlation 

Figure 1:  Yearly Seismicity Rates as a Function of Distance from the 
Landers rupture. 



analysis, the Karhunen-Loeve (KL) expansion, is used to decompose the seismicity into 
the eigenfunctions defining correlations in the spatial and temporal pattern of activity.  
The seismicity time series for all locations across southern California are compiled in the 
matrix T. The covariance matrix C is constructed by multiplying T by T′.  A two step 
process is then used to decompose C into its eigenmodes, which are numbered in the 
order of decreasing correlation. 

Previous studies have used this methodology to show that correlations exist 
between many large events in California, as well as between primary events and their 
aftershocks. In addition, correlations have been detected in the interaction between 
Coalinga and Parkfield. Here, we alter the methodology by shifting the data in T′ by a 
selected time unit before calculating the covariance matrix. The subsequent 
decomposition yields the eigenmodes of correlation characterized by the specified 
temporal lag.  As an example, Figure 3 shows the second eigenmode for a time lag of 
seven years.  The result highlights sites where seismicity rate fluctuations are correlated 
(same color) or anti-correlated (opposite color) with rate changes occurring at other 
locations in the fault network but offset by seven years.  In this particular test, activity in 
northern California is shown to be anti-correlated with activity in southern California, 
though positively correlated with the 1999 Hector Mine earthquake and its aftershock 
sequence.  Another noticeable feature is the strong correlation between the activity at San 
Simeon and Long Valley. We have performed this analysis for a wide range of time lags 
and are currently attempting to associate them with likely causal physical phenomena. 
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coefficients showing the spatio-temporal pattern 
of seismicity relative to Landers.  An auto-
correlation analysis was applied to the 
normalized seismicity rate data shown in Figure 
1.  Spatial and temporal lags were introduced 
by shifting the data by rows and columns, 
respectively, during the auto-correlation. 
Positive spatial lags indicate correlation 
between seismicity rates and activity occurring 
closer to the Landers rupture.  Correspondingly, 
negative spatial lags indicate correlation with 
more distance activity. Temporal lags indicate 
correlation with subsequent fluctuations of 
seismicity rates.  We use color here to show the 
amplitude of the correlation coefficients (CC). 
CCs can range from -1 to 1. In this study, all 
statistically significant CCs (at the 95% 
confidence level) were positive, with a 
minimum value of 0.05.  The cluster of 
significant CCs at the left edge of the graph 
indicates that in a given year, seismicity rates 
tend to be similar over short distance (~ 50 km). 
The clusters of CCs across the center of the 
graph, at 7, 13 and 17-20 years are related to the 
semi-periodic pulses of high activity 130-170 
km from Landers.   
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(c)  Our 
studies 
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.  In 
conjunction 
with this 
work, we are 
including a 
new technique 
for the study of the spatio-temporal relationships, the function network analysis.  Figure 4 
shows one such functional network for southern California, where the links highlight 
correlations greater than 0.2 over a time period on 1000 days.  Additional studies include 
a variety of time periods, many of which correspond to those seen in the analyses 
described above. 
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Figure 3. Second eigenmode of the 
spatio-temporal pattern of California 
seismicity, for a 7-year time-lag.  The 
maximum value is normalized to one. 
Sites of the same color are correlated, 
meaning that fluctuations in the rate of 
activity follow a similar pattern at both 
sites but offset from each other in time 
by seven years.  Red and blue sites are 
anti-correlated, meaning that increases 
in activity at one site are parallel by 
quiescence at the other site, again 
offset in time by seven years. 
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Figure 4:  Shown are correlated links for seismicity in southern California, using a 
correlation threshold of 0.2, and a time lag of 1000 days. 


