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The SCEC workshop “A Joint Workshop: Rupture Dynamics Code Validation and Comparing 
Simulations of Earthquake Sequences and Aseismic Slip” was held April 23-24, 2018, at 
Kellogg West Conference Center on the campus of California State University, Pomona, in 
Pomona, California.  A total of 60 people participated, including 35 in the meeting room and 25 
via remote-access.  This year our workshop attendees included scientists from the U.S.A., China, 
Germany, Japan, New Zealand, Saudi Arabia, and Switzerland.  One half of our workshop 
participants were either graduate students or postdocs.  This workshop discussed the entire suite 
of code verification benchmarks produced by the dynamic rupture group, some new dynamic 
rupture science discoveries, and introduced a range of potential approaches to dynamic rupture 
code validation.  This workshop was also the kick-off event for the new SCEC Earthquake 
Cycles Simulations group that is investigating and comparing simulations of earthquake 
sequences and aseismic slip (SEAS). Results of the first SEAS benchmark were presented and 
discussed.  There were also presentations about some of the SEAS-related computational codes, 
along with presentations about earthquake cycles simulation science.  Many thanks to Tran 
Huynh and her team for all of their work that helped make this workshop happen. 
 
The workshop agenda and participant list are on the last page of this report. 
 
Ruth Harris (U.S. Geological Survey; USGS) introduced the SCEC joint workshop to the 
participants.  She then introduced and explained what the SCEC/USGS Dynamic Rupture Code 
group does to test computer codes that simulate earthquakes as spontaneous ruptures, how this 
work is accomplished, and why the work is worthwhile.  Harris then summarized the wide range 
of spontaneous rupture code benchmark exercises performed by the group.  This suite of 40 
code-verification benchmarks is summarized in the group’s newly published SRL paper, Harris 
et al. (2018).  These benchmarks enable the codes to be tested for their flexibility in modeling 
various earthquake-source scenarios, including variations in fault geometry, variations in fault 
friction, variations in initial stress conditions on and off the faults, and variations in off-fault rock 
structure (also see Harris, PAGEOPH, 2004, Harris et al., SRL, 2009, and Figure 1 for the 
framework).  Following this introduction and overview of the successful SCEC dynamic rupture 
code comparison exercises, the workshop attendees, both remote and in-person, introduced 
themselves. 
 
The next talks during the dynamic rupture portions of the workshop consisted of science talks 
discussing attempts to model specific features that have been observed for real earthquakes, such 
as the complex multi-fault rupture of the Kaikoura earthquake, and the apparent shallow slip-
deficit that users of geodetic data have inferred for large earthquakes on strike-slip faults.  There 
were also four presentations related to ideas of how the group might proceed with dynamic 
rupture code validation.  Code validation is a more complicated assignment than the 
SCEC/USGS dynamic rupture group’s previously conducted code verification exercises, and 
there were a range of thoughts from the speakers presented about how best to proceed.   
 
Please note that there is also a separate report to SCEC that describes the recent year’s progress 
of the SCEC/USGS dynamic rupture code group in planning for code validation (SCEC project 
17075). In that separate SCEC report, the ideas presented at the workshop for code validation are 
presented in detail. 
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Figure 1.  Components necessary for a spontaneous rupture simulation.  
Spontaneous earthquake rupture simulations need assumptions about the initial 
stresses on the fault (and off the fault also, if the medium is not elastic), the fault 
geometry, the off-fault materials, and a failure criterion, which describes how 
fault friction works.  These physics-based computer simulations can be used to 
produce many different types of results, including patterns of fault slip, ground 
and sub-surface shaking, heat generation, etc.  Please also see Harris [2004]. 

 
 
In addition to the cutting-edge-science dynamic rupture talks, Eric Daub (U Memphis) presented 
an exciting perspective on the use of dynamic rupture simulations.  Daub showed how he has 
used the dynamic rupture group’s code verification benchmarks to teach students in the 
classroom.  The students have learned how to produce basic research results using Daub’s 
dynamic rupture code (that is available on github), and they have learned how scientists make 
choices in selecting their parameters.  The students used a few of the benchmarks to conduct 
research projects, which they then presented to the rest of their class.  Daub said that he 
appreciated how the benchmark descriptions were clearly written, and that some were designed 
in pairs, so that the students could compare how changing the initial assumptions in related fault-
model setups would affect the outcome.  For example, the stepover problem with a 
compressional step versus a dilational step, or heterogeneous initial stress conditions on the fault 
surface that used different values for the stochastic pattern of the initial stress.  Daub also 
mentioned that the students were excellent at debugging the dynamic rupture code used to 
perform the benchmark exercises. 
 
In the afternoon of the workshop’s first day, Brittany Erickson (Portland State University) and 
Junle Jiang (UC San Diego) introduced the SEAS portion of the workshop, which continued to 
the second day of the workshop. Jiang and Erickson motivated the workshop by discussing the 
prevalence of SEAS models in addressing key SCEC objectives, and their importance in 
addressing key SCEC objectives.  They highlighted recent advances in SEAS modeling with 
examples from Jiang and Lapusta [2016] and Erickson et al. [2017]. They discussed the SEAS 
modeling effort and its relation to single-event dynamic rupture simulations, and longer-term, 
larger-scale Earthquake Simulator studies, and why a new generation of verified SEAS models 
are needed.  They provided an overview of the objectives of the SEAS working group and their 
current activities.   
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In the SEAS portion of the workshop, talks included presentations ranging from basic scientific 
studies of multi-cycle earthquake simulations, to focused science studies in particular tectonic 
settings, to introductions to the specific codes that each modeling group had used to simulate the 
first SEAS benchmark problem, BP1 (Figure 2).   
 

 
Figure 2.  SEAS group benchmark problem 1 (BP1).  The exercise consists of a 
vertical strike-slip fault set in a homogeneous elastic halfspace, and regularized 
rate-state friction with an aging law.  The 2D problem involves antiplane shear 
motion. For the detailed benchmark description, please see   
http://scecdata.usc.edu/cvws/seas/index.html 

 
 
Nadia Lapusta presented the first talk, highlighting some pioneering work from Lapusta et al. 
[2000].  She reviewed some of the modeling challenges that set SEAS models apart from 
dynamic rupture simulations and provided insight into length scales that must be resolved by 
SEAS codes.  Talks that followed covered a range of topics relevant to SEAS models, including 
studies of earthquake nucleation processes, effects of complex fault geometries, and technical 
details of a variety of numerical methods used for SEAS modeling.  With an eye toward forming 
relationships with different SCEC working groups, in her talk, Kayla Kroll gave an overview of 
RSQsim modeling and applications (Dieterich and Richards-Dinger [2010]; Dieterich et al., 
[2015]). On the second day, the first several talks discussed how to incorporate viscoelasticity 
and plasticity in SEAS models, and how these rheologies affect the earthquake cycle. The talks 
that followed addressed how SEAS models can be used to study subduction zone earthquake 
cycles and slow-slip events.  
 
Following the science talks, Erickson and Jiang provided a summary of the first benchmark 
problem results (Figure 3) and led the corresponding discussion.  The first benchmark problem 
involved 11 modelers and there were 22 model runs that were uploaded to the comparison page 
on the SEAS website. Jiang and Erickson provided a review of the problem set-up, as well as an 
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overview of the different codes used.  They compared plots of slip evolution on the fault and 
analyzed time-series for on-fault node points using the submitted model results.  All models 
produced similar general features, and most models matched closely in terms of the long-term 
and coseismic evolution of shear stress and slip rate on the fault (Figure 3).  Some discrepancies 
in the model results were attributable to choices in computational domain sizes and boundary 
conditions. Other discrepancies between results were discussed and plans to address these 
discrepancies were made.  
 

 

 
Figure 3.  Results from codes that were used to run the benchmark exercise, BP1.  
Left: plots of maximum shear stress during the first event in the cycle for all 
model results show qualitative similarities but distinct discrepancies due, in part, 
to different domain sizes and boundary conditions. Right:  time series of 
maximum slip rate over the first ~10 events with similar domain sizes show good 
agreement across multiple codes.  

 
Erickson and Jiang concluded the workshop by discussing future SEAS plans.  The group 
decided the next benchmark will be similar to BP1 with the following changes: a smaller h* will 
be considered, thus leading to more complex dynamics and event sizes.  In addition, the group 
will compare results with a much larger cell size (equal to or half the cohesive zone size), which 
will allow for a comparison with results at the end limit of resolution - a reality that will need to 
be addressed once the group switches to larger (3D) scenarios.  Additional future benchmark 
problems will include the 3D version of BP1, and a 2D problem with a dipping fault.  The group 
also discussed future capabilities for the online platform, as it is currently limited to the 
comparison of on-fault time series.  Lastly, the group reviewed the timeline for future activities, 
including future workshops, presentations (including a poster presentation at the 2018 SCEC 
annual meeting) and funding deadlines.  
 
The workshop participants learned much about simulations of dynamic earthquake ruptures and 
seismic cycles during the two-day events, and the group efforts and discussions are planned to  
continue into the future. 
 
Any use of trade, firm, or product names is for descriptive purposes only and does not imply 
endorsement by the U.S. Government.  



 

 6 

References: 
 
Dieterich, J. H., and K.B. Richards-Dinger (2010), Earthquake recurrence in simulated fault 
systems. Pure and Applied Geophysics, 167(8-9), 1087-1104. 
 
Dieterich, J.H., K.B. Richards-Dinger, and K.A. Kroll (2015), Modeling injection-induced 
seismicity with the physics-based earthquake simulator RSQSim, Seism. Res. Lett., 86(4), 
doi:10.1785/0220150057. 
 
Erickson, B. A., E.M. Dunham, and A. Khosravifar (2017), A finite difference method for off-
fault plasticity throughout the earthquake cycle,  Journal of the Mechanics and Physics of Solids, 
109, doi:10.1016/j.jmps.2017.08.002.  
 
Harris, R.A. (2004), Numerical simulations of large earthquakes: dynamic rupture propagation 
on heterogeneous faults, Pure and Applied Geophysics, 161(11/12), 2171-2181. 
 
Harris, R.A., M. Barall, R. Archuleta, B. Aagaard, J.-P. Ampuero, H. Bhat, V. Cruz-Atienza, L. 
Dalguer, P. Dawson, S. Day, B. Duan, E. Dunham, G. Ely, Y. Kaneko, Y. Kase, N. Lapusta, Y. 
Liu, S. Ma, D. Oglesby, K. Olsen, A. Pitarka, S. Song, and E. Templeton (2009), The 
SCEC/USGS Dynamic Earthquake-Rupture Code Verification Exercise, Seism. Res. Lett., 80, 
119-126. 
 
Harris, R.A., M. Barall, D.J. Andrews, B. Duan, S. Ma, E.M. Dunham, A.-A. Gabriel, Y. 
Kaneko, Y. Kase, B.T. Aagaard, D.D. Oglesby, J.-P. Ampuero, T.C. Hanks, and N. Abrahamson 
(2011), Verifying a computational method for predicting extreme ground motion, Seism. Res. 
Lett., 82, 638-644. 
 
Harris, R.A., M. Barall, B. Aagaard, S. Ma, D. Roten, K. Olsen, B. Duan, B. Luo, D. Liu, K. Bai, 
J.-P. Ampuero, Y. Kaneko, A.-A. Gabriel, K. Duru, T. Ulrich, S. Wollherr, Z. Shi, E. Dunham, 
S. Bydlon, Z. Zhang, X. Chen, S.N. Somala, C. Pelties, J. Tago, V.M. Cruz-Atienza, J. Kozdon, 
E. Daub, K. Aslam, Y. Kase, K. Withers, and L. Dalguer (2018), A suite of exercises for 
verifying dynamic earthquake rupture codes, Seism. Res. Lett., 89(3), 1146-1162, 
doi:10.1785/0220170222. 
 
Jiang, J. and N. Lapusta (2016), Deeper penetration of large earthquakes on seismically 
quiescent faults, Science, 352(6291), 1293-1297, doi:10.1126/science.aaf1496. 
 
Lapusta, L., J. Rice, Y. Ben-Zion, and G. Zheng (2000), Elastodynamic analysis for slow 
tectonic loading with spontaneous rupture episodes on faults with rate-and-state dependent 
friction, J. Geophys. Res., 105(B10), 23,765–23,789. 

 
 

  



 

 7 

SCEC Workshop Agenda 
April 23-24, 2018 

A Joint Workshop: Rupture Dynamics Code Validation and Comparing Simulations of 
Earthquake Sequences and Aseismic Slip 

Kellogg West Conference Center, Cal Poly Pomona, Pomona, CA 
 

Workshop Conveners: Ruth Harris, Brittany Erickson, and Junle Jiang 
 

SUMMARY:  The SCEC Workshop on "Rupture Dynamics Code Validation and Comparing 
Simulations of Earthquake Sequences and Aseismic Slip" will be held in Pomona, California on 
April 23-24, 2018. This workshop will start with talks by members of the SCEC dynamic rupture 
code validation group about their code validation strategies and other implementations of our 
dynamic rupture benchmark exercises. We will next transition to the new Simulations of 
Earthquake Sequences and Aseismic Slip (SEAS) group's portion of the workshop where we will 
discuss the unique challenges faced by SEAS models, introduce various codes used for SEAS 
modeling, and present our results from the first SEAS benchmark exercise. 
 
Monday April 23 
10:00 Ruth:  Welcome to the workshop, overview of dynamic rupture group activities 
10:15 Everyone (remote and in-room):  Workshop participants self-introductions 
10:30 Thomas Ulrich (remote):  Dynamic viability of the 2016 Mw 7.8 Kaikoura earthquake 

cascade on weak crustal faults 
10:45 Daniel Roten:  Off-fault deformations and shallow slip deficit from dynamic rupture 

simulations with fault zone plasticity 
11:00 Michael Barall:  What does validation look like? 
11:15 Brad Aagaard (remote):   Validation: Why getting the same answer may be bad 
11:30 Shuo Ma (remote):  Further validation of the Andrews and Ma (2016) heterogeneous 

stress model and some preliminary results 
11:45 Luis Dalguer:  GMPEs and dynamic rupture models: Which direction to go for validation 
12:00 Lunch 
13:15 Eric Daub:  SCEC dynamic rupture benchmarks in the classroom 
13:30 Ben Duan:  From single-event dynamics to multi-cycle dynamics of geometrically  

complex faults 
13:45 All:  Group Discussion about dynamic rupture code validation, etc. 
14:15 Break 
14:30 Brittany Erickson/Junle Jiang: Introduction to SEAS activities 
15:00 Nadia Lapusta: SEAS: on resolution, complexity, and dynamic effects 
15:15 Yoshi Kaneko (remote access): Modeling of the nucleation process of laboratory and 

crustal earthquakes 
15:30 Ahmed Elbanna: Coupling spectral boundary integral and volume-based models for high 

resolution fault zone physics 
15:45 Yuval Tal: Modeling the rupture process on rough faults during multiple slip events with 

the mortar finite element method 
16:00 Break 
16:15 Jeremy Kozdon: Discontinuous Galerkin methods for earthquake cycle simulations 
16:30 Kayla Kroll (remote access): RSQSim modeling and applications  
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16:45 Discussions 
18:00   Dinner 
 
Tuesday, April 24  
07:00 Breakfast 
08:30 Kali Allison: The effect of shear heating on the earthquake cycle 
08:45 Brittany Erickson: Time stepping for earthquake cycles with plasticity 
09:00 Pranger Casper Cornelis (remote access): Modelling frictional faults as plastic shear 

bands in nonlinear media 
09:15 Paul Segall: FDRA — Fault Dynamics with Radiation damping Approximation: history 

and capabilities 
09:30 Sylvain Barbot: The spectrum of rupture styles at subduction zones governed by the 

geometry and rheology of the upper plate 
09:45 Yajing Liu: Modeling of slow slip events on a non-planar subduction fault 
10:00 Matt Wei: Numerical simulation of dynamic triggering of slow slip events in California 

and New Zealand 
10:15 Break  
10:30 Junle Jiang/Brittany Erickson: Benchmark results and discussions 
12:00 Lunch 
13:00 Junle Jiang/Brittany Erickson: Discussions and future plans 
15:00  Adjourn 
 
 
60 Total Participants (25 Remote-Access):   
Ruth Harris (USGS), Brittany Erickson (Portland State Univ.), Junle Jiang (UCSD), Tran Huynh 
(USC), Brad Aagaard (USGS), Lauren Abrahams (Stanford), Kali Allison (Stanford), Pablo 
Ampuero (Caltech, France), Khurram Aslam (U of Memphis), Michael Barall (Invisible 
Software), Sylvain Barbot (Singapore/USC), Camilla Cattania (Stanford), Judi Chester (Texas 
A&M), Luis Dalguer (3Q-Lab), Eric Daub (U of Memphis), Roby Douilly (UCR), Ben Duan 
(Texas A&M), Eric Dunham (Stanford), Ahmed Elbanna (UIUC), Yuri Fialko (UCSD), Alice 
Gabriel (LMU, Germany), Percy Galvez (KAUST, Saudia Arabia), Christine Goulet (USC), 
Bing He (URI), Evan Hirakawa (LLNL), Zhifeng Hu (SDSU), Benjamin Idini (Caltech), 
Yoshihiro Kaneko (GNS Science, New Zealand), Yuko Kase (GSJ Japan), Jeremy Kozdon 
(Naval Postgraduate School), Kayla Kroll (LLNL), Christos Kyriakopoulos (UCR), Valere 
Lambert (Caltech), Nadia Lapusta (Caltech), Dunyu Liu (Texas A&M), Yajing Liu (McGill), 
Yingdi Luo (JPL), Shuo Ma (SDSU), Xiao Ma (UIUC), Kim Olsen (SDSU), Arben Pitarka 
(LLNL), Casper Pranger (ETHZ, Switzerland), Daniel Roten (SDSU), Kenny Ryan (USGS), 
Paul Segall (Stanford), Pengcheng Shi (URI), Ollie Stevenson (Caltech), Yuval Tal (Caltech), 
Thomas Ulrich (LMU, Germany), Ylona van Dinther (ETHZ, Switzerland), Iris van Zelst 
(ETHZ, Switerland), John Vidale (USC), Nan Wang (SDSU), Yongfei Wang (UCSD), Meng 
Wei (URI), Kyle Withers (USGS), Stephanie Wollherr (LMU, Germany), Katie Wooddell 
(PGE), Baoning Wu (UC Riverside), Jiuxun Yin (Harvard), Zhenguo Zhang (SUSTech, China)  
 


