
Annual Report to the Southern California Earthquake Center 
John B Rundle, University of California, Davis 

William Klein, Boston University 
 

 Virtual California Simulations.  The problem of earthquake forecasting has been 
addressed by the Working Group on California Earthquake Probabilities using an 
approach combining data and statistical models.  In their work, they assume appropriate 
statistical distributions for the various fault segments to be modeled, and then they 
constrain the mean and standard deviations of the statistical models using observed data.  
One of the key issues is to properly account for the important effects of fault interactions 
in the space-time evolution of the stress field in the system.   
 In our work this year, we have taken several complementary approaches to the 
same problem of forecasting and prediction.  For example, we used our code, Virtual 
California, to simulate 40,000 years of earthquakes on the entire San Andreas fault 
system.  It is important to note that although the average slip on the fault segments and 
the average recurrence intervals are tuned to match the observed averages, the variability 
in the simulations is primarily a result of the fault interactions.  Slip events in the 
simulations display highly complex behavior, with no obvious regularities or 
predictability.  For a given collection of faults in the model, we then measured the time 
intervals between successive events larger than some threshold value.   
 We measure the time interval between two successive events of any magnitude on 
the blue segments and red segments of the San Andreas.   We plot these statistics both as 
histograms (upper left), and as cumulative distribution functions (lower left).  The solid 
lines are the Log Normal probability density functions (top), and Log Normal cumulative 
distribution functions (bottom) having the same means and variances as the simulation 

(lower right).  The dashed lines are the same for the Brownian Passage Time distribu

data.  We also plot the 30-year conditional probability, or Discrete Hazard Function 

tion.  



It can be seen that there are systematic differences between the simulation data and the 
Log-Normal and BPT distributions.  [1] 
 Hotspot Maps.  In another part of our work, we have continued to examine the so-
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called “Hotspot Maps” of enhanced earthquake probabilities.  Of the 14 earthquakes with 
magnitudes M ≥ 5 that have occurred since January 1, 2000, 7 of them have occurred 
during the present reporting period.  Both the original map published in PNAS on 
February 19, 2002, as well as a version recomputed in April, 2004, are available an
updated on the QuakeSim web site:  http://quakesim.jpl.nasa.gov/scorecard.html.  The
recomputed version is shown below, using 2 color schemes.  The forecast shown in thes
figures is for the period January 1, 2000 through approximately 2010.  The idea is that, of 
the large events M ≥ 5 that will occur during the forecast interval, we expect that most of 
them will occur on, or within the margin of error (± 11 km) of, the colored anomalies, 
which represent regions of elevated probability for future large events.  Note that these
particular maps cannot be used to check the validity of the procedure using the indicated
large events (blue circles), since the maps did not have a valid “time stamp” on them 
prior to the present time.  However, future large events can now be plotted on this map 
for comparison to the locations of the anomalies [2,3]. 
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 Theory.  During this year, through theoretical investigations, we have 
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demonstrated that earthquake fault systems that are ergodic as determined by the 
Thirumalai-Mountain metric have seismic activity that can be described by a linear Ito-
Langevin equation. In addition, via analytic continuation to imaginary time, we have 
shown that these systems can be described by a Schrödinger-type wave equation. The 
importance of this result lies in the fact that for southern California, the Pattern 
Informatics (PI-hotspot) method we have developed is a linear projection scheme.  We 
have therefore illuminated the reasons why the linear projection scheme works.[4]  
 We have also shown through connections to thermal systems that ther
precursors to large events in both the models with long range stress transfer and real 
faults, that are necessary but not sufficient for a large event. This leads to the conclusion 
that the errors in the PI method which are false negatives (that is, events occur where 

http://quakesim.jpl.nasa.gov/scorecard.html


there is no forecast) are due to correctable errors such as catalogue pollution, whereas the 
occurrence of false positives (predictions where there are no events in the 10 year time 
frame) are inherent in the method as it now exists. Correction of this flaw will require 
new ideas.[5]  
 Finally, we have thoroughly investigated the original Burridge-Knopoff (BK) 
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model with long range springs to see in what way it differed, if any, from the long range 
version of the cellular automaton model of BK. The results we found are that the 
agreement with the CA model depends on the form of the friction force that is used. If we 
use a velocity- weakening friction force, then we find almost exact agreement with the 
CA results for a force that drops off quickly.  However, if the force drops off more slowly, 
we find that the BK model has a different scaling behavior than the CA model.[6]  
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