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Abstract 
 
Previously we reported the puzzling lack of paleo-events in California since 1918. The 
same observations imply a previous rate of 4 per century. We concluded that either the 
recent century was anomalous, implying California is overdue; or that some physics not 
yet incorporated in earthquake models; or that some paleo-events before 1918 were not 
actually earthquakes.  
 
In this project we compared paleo data with instrumental and macro-seismic data, finding 
that m7+ California earthquakes occurred at very similar rates from 1820 -1920 and 1920-
2020.  
 
We extended our study of the locations along the San Andreas Fault where earthquake 
ruptures were more likely than others to stop rupture from propagating. The UCERF3 
reports hypothesized thousands earthquakes on the SAF and counted how often ruptures 
would stop at each of the assumed  section boundaries.  We deduced conditional stopping 
probabilities for each boundary, applied those values to all possible events including two 
or more sections, and proposed a prospective test that could evaluate the assumptions 
of any forecast of likely rupture on the SAF. 
 
We participated regularly in the deliberations and activities of CSEP, the Collaboratory for 
the Study of Earthquake Predictability. We helped develop a new strategy and applied it 
to evaluating aftershock forecasts of the 2019 Ridegecrest earthquake. 
 
 
 
 
 

 
 

 

 

 



 

Intellectual Merit 

 
We’ve tested how well earthquake occurrence agrees with prior forecasts and the 
assumptions behind them. This contributes to understanding earthquake processes, a 
major goal of the Earthquake Forecasting and Prediction project in SCEC. We also 
developed methods for associating finite ruptures on faults with prescribed descriptions 
of such events, a necessary step in evaluation forecasts of such events, and we tested 
some of these ideas on forecasts of the Working Group on California Earthquake 
Probabilities (WGCEP). Association and testing of finite ruptures have been major goals 
of the Collaboratory for Study of Earthquake Predictability (CSEP).  

 
Broader Impacts.  

 
Our research affects seismic hazard estimation, which has implications for public safety, 
risk management, and public policy. We’ve presented our results to students and faculty 
at universities, including UCLA, UCR, ETH Zurich, and at the 2018 and 2019 SCEC Annual 
meetings, showing how Physics, Geology, Geodesy, and Statistics can be combined to 
solve real world problems. We’ve discussed our analysis with students and faculty in 
Statistics, showing them applications and encouraging their participation in seismological 

research.  
 

Technical Report 

 

Stability of large earthquake rate 
 

We examined the rate at which large earthquakes, estimated to be magnitude 7 or larger 

for the last two centuries. From the C OMCAT catalog and the California Dept. of 

Conservation web site (https://www.conservation.ca.gov/cgs/earthquakes/significant) , we 

found 8 events from 1820 through 1919, and 8 from 1920 through 2019. The numbers of 

paleo events in the same time intervals are 6 and 0. The history of earthquakes before 1920 

comes mostly from recorded damage and injuries; only the 1906 San Francisco earthquake 

was recorded seismically, and those records would have produced little information on the 

location and size without the evidence from surface rupture, damage, and injuries. Except 

for the San Francisco event, paleoseismic events have uncertain dates; for most, the 

assigned date is assumed to be identical with that of a felt earthquake. Magnitudes are also 

uncertain for paleo events, but we’ve assumed they are comparable to the cataloged 

earthquakes listed as m7+. Paleo events might be missed if they did not rupture faults with 

trench evidence, but that is very unlikely after 1920 because of the increased California 

population and the construction of the seismic networks beginning in 1933. 

 

Cumulative counts of cataloged earthquakes and Paleoseismic events are plotted against 

time in Figure 1. Clearly, the seismic and macro-seismic data, which all reflect actual 

strong shaking, tell quite a different story from the paleo data which depend only on 

https://www.conservation.ca.gov/cgs/earthquakes/significant


discovered fault displacement. Implications from the seismic and macro-seismic data are 

that m7+ earthquakes occur at about the same rate of 8 per century over that last two 

century, and there is no hiatus in actual earthquake occurrence. The Paleoseismic data are 

still puzzling, but they don’t match the seismic data that record actual strong ground motion.  

 

 

 

 
Figure 1: Cumulative occurrence of seismic and macro-seismic events with reported  magnitude 7.0 

and above (blue) and Paleoseismic events assumed to have comparable magnitudes. The reported 

hiatus of paleo-events after 1920 is not seen in the seismic data. 

 

CSEP Activities 

 

We’ve participated in various CSEP activities, most frequently in conference calls every 

two weeks. In these calls we’ve helped plan workshops and other activities for the SCEC 

Annual Meetings; explored implication of and new ideas in statistical hypothesis testing;    

planned and written planned software development.We’ve encouraged prospective 

testing in virtually all of SCEC projects, including one favorite: what makes earthquake 

rupture stop?. We’ve exploited UCERF3 products that simulate  thousands of ruptures 

on the major faults in California. Faults are represented by contiguous sections (not 

segments) about 5 km long. The combined effects of a large simulation are designed by 

the UCERF team to replicate the measured slip rates and other properties on the major 

faults. Because each simulated publications on results of testing earthquake forecast 

ideas; and quake has two stopping points, every simulated event stops at two section 



boundaries and passes thru intermediate ones, so the conditional stopping probability can 

be estimated at each section boundary. Given enough actual earthquakes, we can use 

CSEP tools to test prospectively the assumptions made in the UCERF simulations. An 

alternative null hypothesis assumes that the conditional stopping probability is uniform 

along the fault, so that rupture stops simply when its expended available stress energy. 

Every “quake”on the San Andreas stops at two boundaries and runs over the intervening 

ones. Each boundary has a conditional stopping probability, and a complementary 

running probability, we can base a likelihood on the combination of stopping and running 

for every possible earthquake, described by a pair of stopping points. Figure 2 shows the 

likelihood for all possible earthquakes on the UCERF grid for the SAF. The upper left 

plot is for the simulation-based stopping probabilities, while the lower right shows that 

for the null hypothesis. Very long hypothetical quakes are in the upper left corner of each 

diagram, while short ones (running over just one boundary) are along the positive-slope 

diagonal. Warm colors represent likely events, while blue represents longer, less likely 

events. Notice that the null hypothesis implies a lot of symmetry, with all events of the 

same length having the same likelihood. For the primary hypothesis, events crossing the 

Parkfield boundaries have low likelihood.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Likelihood maps for hypothetical earthquakes between each pair of point on 

the grid. 

 

 

Log Likelihood for all possible events (Stopping and Proceeding)



 

 

 

 

 

 

While the diagrams illustrate predictable features, the formulation is important because 

a test does not require huge earthquakes. Every event has two stopping points and thus 

contributes likelihood information.  

 

Assuming the UCERF values for the rate of earthquakes on the San Andreas, it would 

probably take between 30 and 100 years to reject either hypothesis. However, one large 

earthquake that ran over several high gates and stopped at some low ones could 

strongly question the primary hypothesis based on UCERF simulations. Contrast that 

situation with results from SCEC’s “Earthquake Gates” project for which a test would 

require at least one and perhaps many huge earthquakes.  
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