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 SUMMARY 

 This was a workshop to bring together those in the SCEC community who are working on 
various types of computer simulators of earthquake sequences as well as others, particularly 
those from the QuakeSim community, with an interest in this topic. The principal purposes of the 
workshop were to allow the participants 1) to compare the results from the first simulations to 
use our common input and output formats and output processing tools, and 2) to determine how 
well the tools are working with a view to improving and adding to them, and 3) to see what 
preliminary conclusions we could reach about the ways in which the simulator results are similar 
and in what ways they are different, and, if possible, why differences exist, and 4) to plan the 
next steps in comparing the simulators, in particular what new problems we should consider and 
how our effort can help the ongoing UCERF3 process.  
 

AGENDA 
 
TUESDAY, JULY 20, 2010 

Morning Session - Some Results 
09:00 Welcome and Introduction: Purpose of Fourth Workshop (Terry Tullis) 
09:05 Discussion of Status of Problems 2 and 3 

 Problem 2b: Rate and State Results 
 Problem 3: Strike-Slip Fault with 2 Parts Having Different Friction  

10:00 Break  
10:30 Northern California Simulation Comparisons 
12:00 Lunch  

Afternoon Session - More Results and Future Plans 
13:30 All California Simulation Comparison 
14:30 How Do We Compare Simulator Results with Seismic and Paleoseismic Data? 
15:00 Break  
15:30 What Additional Statistical Comparison Tools Do We Need? 

Multi-Segment Rupture and Segment-Jumping-Distance? 
Nearby Earthquake Occurrence Following Significant Events? 
Rupture Directivity? 
Event to Event Variability in Slip Distribution Along Fault Segments? 

16:30 Define Next Problems to Work on 
Relatively Simple Problems 
More Detailed/Complex All California Models 

17:00 Adjourn 
  
For those wanting more details of the presentations that were scheduled as shown above, or were 
added as the day progressed, the presentations can be found at 
http://scec.usc.edu/research/eqsims/workshop_2010_07_20.html 



 
 
 
 

  
 
 
 

- 2 - 

OVERVIEW  
This was a by-invitation workshop. The stated purpose was: 
 
"This workshop is intended primarily for those who are participating in the SCEC Collaborative 
Project on Comparison, Verification, and Validation of Earthquake Simulators. We will look at 
the status of our comparisons on several problems that we are presently working on and will 
consider what our next work should be. The problems under investigation include 1) ones on 
single faults for which the differences can be examined in detail, and 2) large multiple-fault 
problems for which only statistical comparisons are possible. Current multiple-fault problems are 
a simplified Northern California model having only strike slip faults and an all California 
problem using the UCERF2 fault model. The hope is that the results of such Earthquake 
Simulators might be used as part of the input to the UCERF3 deliberations. Before that can be 
done with some confidence we need to determine how the different simulators compare with one 
another and with historic and paleoseismic data." 

 
VENUE AND ATTENDEES 

The meeting was held at the Davidson Continuing Education Conference Center (DCC), Club 
Room A/B, University of Southern California. Those in attendance were: 

 
Rami Al-Ghanmi  USC    alghanmi@usc.edu 
Michael Barall   Invisible Software mbinv@invisiblesoft.com 
Nick Beeler    USGS    nbeeler@usgs.gov 
Jim Dieterich    UC Riverside   dieterichj@ucr.edu 
Andrea Donnellan  JPL   andrea.donnellan@jpl.nasa.gov 
Ned Field    USGS    nfield@usgs.gov 
Lisa Grant Ludwig  UC Irvine  lgrant@uci.edu 
Eric Heien   UC Davis  emheien@ucdavis.edu 
Tran Huynh    USC    huynht@usc.edu 
Dave Jackson    UCLA    djackson@ucla.edu 
Tom Jordan    USC    tjordan@usc.edu 
Louise Kellogg  UC Davis  kellogg@ucdavis.edu 
Nadia Lapusta   Caltech   lapusta@caltech.edu 
Dennis McLeod  USC   mcleod@usc.edu 
Hiro Noda    Caltech   hnoda@caltech.edu 
Jay Parker    JPL    jay.w.parker@jpl.nasa.gov 
Keith Richards-Dinger  UC Riverside   keithrd@ucr.edu 
John Rundle    UC Davis  rundle@ucdavis.edu 
Bruce Shaw    Columbia   shaw@ldeo.columbia.edu 
Terry Tullis    Brown    Terry_Tullis@brown.edu 
Don Turcotte    UC Davis   turcotte@geology.ucdavis.edu 
Steve Ward    UC Santa Cruz  ward@es.ucsc.edu 
Qi Wang   UCLA   qiwang@ucla.edu  
Burak Yikilmaz   UC Davis   yikilmaz@geology.ucdavis.edu 
Olaf Zielke    ASU/ Potsdam  olaf.zielke@asu.edu 
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SELECTED SCIENTIFIC RESULTS 

We found that the input and output formats that had been prepared by Michael Barall, after an 
iterative process via several conference calls and numerous emails, were very useful. They 
allowed analysis tools that were created by Keith Richards-Dinger to process the output of all the 
many-fault simulations done by the participants. For the first time we were able to make side-by-
side comparisons between the various results. We did not use this approach for the simple 
problems, and, as a result, the simple Problem 3 results are somewhat difficult to compare with 
one another. More details of all of the results summarized below can be found in the 
presentations made at the workshop at: 
(http://scec.usc.edu/research/eqsims/workshop_2010_07_20.html). Also, more of the results or the 
research can be found in our annual report for our 2010 grant "A Collaborative Project: Comparison, 
Verification, and Validation of Earthquake Simulators." 
 

Brief summary of Problem 3 results. This problem involves a single strike-slip fault divided into 
two halves with different frictional strength-drops. The problem was first defined by the UC Davis group 
[Yikilmaz et al., 2010b]. They find that the earthquakes on the fault undergo limit cycles, with the period 
of the cycles depending on the ratio of strength-drops of the two halves. When the strength-drops are 
similar, both halves rupture together and there is thus only one earthquake in the cycle. As the strength-
drop on the stronger half progressively increases, the mode of the behavior switches. One earthquake 
occurs on the weaker half between events that involve both halves, and there are two earthquakes in the 
cycle. As the strength-drop contrast continues to increase, the modes of behavior switch to periods that 
involve progressively more earthquakes in a period. This was for a simulation in which the friction used 
is "drop and hold." This means that the friction falls from static to dynamic immediately, i.e. with a slip or 
velocity weakening rate of infinity, namely zero weakening distance, and the friction remains at the 
dynamic value until the event is over.  

During the past year we have found that although this behavior with simple modes described above 
occurs with other simulators, the behavior is much more complex when friction falls from static to 
dynamic at some finite rate [Shaw et al., 2010]. With a small ratio of strength-drop, the events with all the 
simulators rupture the entire fault every time. However, as the rate of decrease in the strength with slip or 
velocity decreases, or for finite weakening rates, simple modes such as B, C, etc. observed for the infinite 
weakening rate do not occur and instead a complex history of events occur that rupture only various parts 
of either half of the fault. It is not possible to characterize all of this complex behavior in simple 
diagrams. However, as we proposed last year, we have found that a reasonable summary can be obtained 
in a phase diagram using as axes the rate of weakening on the abscissa and the strength-drop ratio on the 
ordinate (Fig. 1). Such a phase diagram can show a field having all through-going-ruptures behavior 
(Mode A) and a field having more complex behavior (Fig. 1A, 1B). In more detail, the percentage of 
ruptures in a long history that are essentially through-going can be shown on such a plot (Fig. 1C, 1D). As 
we show in Fig. 1, all simulators show similar behavior, with all through-going ruptures at low strength-
drop ratios and more complex behavior at higher strength-drop ratios. Furthermore, the phase boundary 
intersects the abscissa at low weakening rates and has a positive slope that gradually decreases with 
weakening rate (Fig, 1A, 1B, 1C). This is true whether the friction law is slip weakening, velocity 
weakening, or rate and state. Although we have made considerable progress in exploring this behavior for 
Problem 3 [Shaw et al., 2010], we plan to improve our approach and hopefully our understanding of the 
behavior in the coming year, as outlined below under proposed research. 

Brief summary of norcal1 results. Shown in Fig. 2 is a cumulative frequency-magnitude plot for 
norcal1 comparing the behavior of five simulators. Broadly speaking they follow the expected 



 
 
 
 

  
 
 
 

- 4 - 

Guttenberg-Richter behavior with a b value of 1, but with deficiencies at the largest magnitudes. This 
high-magnitude fall-off is expected, due to the limited size of the faults in norcal1. The plot does not 
extend to smaller magnitudes since our smallest elements are presently 3 km squares. As mentioned in the 
caption to Fig. 2, with the exception of the VIRTCAL results, we do not yet understand why the curves 
do not have a more constant slope in the intermediate magnitude range. 

As another example of the results we discussed, at the workshop, Fig. 3 compares the simulated inter-
event times at two locations having paleoseismic observations, for norcal1, the primary many-fault 
problem discussed at the workshop.  

(A)  (B)  

(C)  (D)  

Figure 1. Effect of weakening rate (abscissa) and strength-drop ratio (ordinate) on mode of behavior for 
Problem 3 for four different simulators. These plots were prepared by the four CoPIs using their own 
approach and so are harder to compare than those for the norcal1 runs shown in Figs. 2 and 3. During the 
proposed project period we will standardize our I/O formats and analysis tools for our simple problems as 
we have done this past year for our many-fault problems. In spite of the different plotting methods, we can 
see that all four simulators show that the phase boundary, between Mode A behavior (all ruptures involve 
both weaker and stronger halves of the fault) and more complex behavior, has a positive slope that 
becomes nearly horizontal as weakening rate increases. (A) Results of Bruce Shaw for two different 
friction representations, one slip weakening and one velocity weakening. Circles are essentially all 
through-going events, X's only rupture part of the fault. Slip weakening in dark blue and red, velocity 
weakening in cyan and magenta. (B) ALLCAL results from Steve Ward, showing the phase boundary and 
representative event histories. (C) Results of Hiro Noda and Nadia Lapusta for a full representation of rate 
and state friction, with color-coded representations of % of though-going ruptures. (D) RSQSim results of 
Keith Richards-Dinger and Jim Dieterich. The phase boundary shown here between dark red for through-
going ruptures and more complex behavior is essentially horizontal, but this is presumably because, for the 
normal stress used of 100 MPa, the values plotted along the abscissa are much higher than those in the 
Noda/Lapusta case. The intersection of the phase boundary with the abcissa in C at about 22 MPa/m would 
correspond to a value in D of 0.022 /m, a range not yet explored with RSQSim. Note on abscissa labels 
that L in C has the same meaning as Dc in D. 
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Figure 2. Frequency magnitude plots for 5 
simulators for norcal1 model. We are still 
evaluating what factors make the simulators 
have the magnitude distributions shown. In 
the case of VIRTCAL the lack of small 
events is due to the intentional use of a 
dynamic stress concentration factor that 
makes it easier for adjacent elements to slip if 
an event is underway. Their philosophy is 
that a FM distribution with a slope of 1 over a 
wide range is due to the sum of 1) larger 
characteristic earthquakes on modeled faults, 
2) smaller events in aftershock sequences, 
and 3) off fault seismicity, with 2 and 3 not 
being modeled currently by their simulator 
[Yikilmaz et al., 2010a]. 

ALLCAL                              VIRTCAL                               RSQSim                                Zielke 

Figure 3. PDFs of Recurrence intervals for 4 simulators for norcal1 at two of the six locations having 
paleoseismic data. We have such plots for many magnitude ranges, but only this one for M > 7 is shown since 
smaller events may not show up in trenches. The red lines show the preferred inter-event time for these locations 
from Appendix C of the UCER2 report [Field et al., 2008][http://pubs.usgs.gov/of/2007/1437/c/of2007-
1437c.pdf]. The strength-drop values used were assigned a priori. 


