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Project Objectives and Overview of Accomplishments  

In regions of limited empirical data, such as at near-source distances, earthquake simulations provide 
an approach to better constraining ground motion amplitudes and trends, enabling improved accuracy 
of ground motion predictions for seismic hazard analyses. However, most current methods for 
simulating earthquake ground motions ignore important features of the earthquake rupture and 
typically employ stochastic approaches at high frequencies (> ~1 Hz).  In this project, we worked 
towards improving methods of simulating earthquake ground motions for seismic hazard applications 
by continuing a newly formed group modeling effort (in our second year) that incorporates features 
of the earthquake fault and rupture (e.g., through complex fault geometry, stress heterogeneity, 
etc…) that have been demonstrated from both observations and numerical simulations to affect 
resulting ground motions. Our investigation analyzed how earthquake rupture characteristics 
influence ground motion behavior and compared these synthetically generated ground motions with 
ground motion models (GMMs) to evaluate their similarities and differences. We worked to 
determine conditions for acceptance of broadband synthetic ground motions, towards the goal of 
ultimately providing confidence in supplementing empirical relations with simulation-derived 
information.  

We created a database of dynamic rupture simulations (a fully deterministic, physics-based approach) 
of strike-slip earthquake mechanisms at frequencies computationally accurate up to ~3 Hz (and 
higher where computationally feasible). The resulting broadband ground motions are compared with 
empirical trends predicted by leading ground motion models (GMMs). We focused on the magnitude 
range of Mw ~5 up to Mw ~7 at distances up to 20 km from the source and compared median 
spectral accelerations across a range of periods. Additionally, we analyzed the synthetic ground 
motion variability (isolated in terms of intra-event) as a function of both distance and period.  

This project builds a synthetic database of ground motion amplitudes from a diverse range of initial 
conditions and modelling techniques. Additionally, we also keep track of final fault displacement 
along the surface trace of the fault. We plan to make our database publicly available, for use by a 
variety of other end-users and investigations. For example, it’s likely a few of our simulated events 
will have similar characteristics to recently recorded events (e.g. the Ridgecrest sequence), that may 
be used for additional validation and constraint of both surface slip and ground motion amplitudes.  

Background  

Earthquake simulations can be useful in areas of infrequent seismicity, or where geologic structures 
(e.g., sedimentary basins) complicate seismic wave propagation, to help constrain ground motion 
amplitudes and trends. Simulations allow one to generate synthetic ground motion of both historical 
and hypothetical events and to perform analysis of the resulting ground motion using a user-defined 
station distribution. There are many avenues of simulating time series records from earthquake 



rupture. One method relied upon in previous years is the broadband hybrid technique, that combines 
low-frequency deterministic ground motion with stochastically generated high-frequency 
components (e.g. Hartzell et al., 2005; Mai et al., 2010; Graves and Pitarka, 2010); for example, as 
used in the SCEC broadband platform validation project. These techniques, however, typically lack 
deterministic information at higher frequencies that may be important in predicting strong ground 
motion. Additionally, the low-frequency kinematic approach (where slip, initiation time, rise time, 
etc… are imposed along the fault) can produce physically inconsistent ruptures, potentially leading to 
unreliable ground motions. Dynamic ruptures, on the other hand, are a more physically realistic way 
to model earthquake rupture; the initial stress conditions and a friction law are imposed along the 
fault interface, and the earthquake rupture proceeds according to the physical equations governing 
the problem.  

Methodology: Research Approach  

In this project, we generated earthquake sources that produce synthetic ground motion across a wide 
frequency bandwidth for magnitudes and distances relevant to engineering applications, for which 
empirical datasets are still poorly populated. This is a long-term endeavor (with continued work 
planned in the future), but we have made substantial progress this year. We worked towards 
validating ground motions produced by dynamic rupture models against the empirical trends of 
GMMs. We simulated suites of events in the magnitude range of Mw ~5 up to Mw ~7 along strike-
slip earthquakes and generated synthetic ground motion up to 20 km from the fault. Within each 
magnitude bin, we included multiple variations of initial stress conditions and hypocenter locations, 
so as to sample a range of earthquake rupture conditions. We follow a similar approach to the “Part 
B” validation of the SCEC Broadband Simulation Platform (Goulet et al., 2015), where 
pseudospectral acceleration (PSA) from GMMs was analyzed at various magnitudes and closest 
distance (Rrup). We initially keep the medium simple— using a 1D layered model (characteristic of 
a California hard-rock site, with a Vs30 of 760 m/s) and analyze the variability of the synthetic 
ground motions (arguably a proxy for single-station standard deviation). This project leverages each 
PI’s expertise and the computational infrastructure developed in past years; each of the codes used 
here have performed well in the SCEC/USGS Dynamic Rupture Code Verification Project (Harris et 
al., 2018).  

There are several approaches to specify random distributions of fault stress, frictional properties, 
and/or fault roughness input into the simulations to produce variations in magnitude and distribution 
of ruptures (and that match observation data of spectral energy across a range of frequencies). We 
pursued two main routes of rupture variation: (1) imposing stochastic conditions along a planar fault 
with heterogeneous stress or friction conditions and (2) generating fractally-rough faults, where 
homogenous background stress conditions naturally introduce initial heterogenous stress along the 
fault. Both techniques have been used successfully in previous work to generate ground motion that 
compares favorably with GMMs. For example, Andrews and Ma (2016) used a modified method of 
Andrews and Barall (2011), where the initial stress condition along a planar fault was heterogenous. 
An example of a rough-fault geometry study is Withers et al. (2018b), where dynamic rupture 
simulations were run along rough faults matching the fault dimensions of the Northridge event. The 
local variations in strike and dip produced heterogeneity in the regional stress field when rotated onto 
the fault, promoting or impeding rupture across many scale lengths, leading to realistic ground 
motion intensities across a wide range of frequencies and shown to compare well with GMM results.  

Results: 2020 SCEC Summary of Work  



This year we continued a recently formed SCEC-funded project that focuses on a collaborative 
approach to validation of ground motions produced from dynamic rupture simulations. We setup a 
regular routine of monthly conference calls to coordinate and discuss science ideas, progress updates, 
and practical issues of validation. We outlined a set of model parameters and conditions along a 
strike-slip fault set in a defined velocity structure for each modeler to adhere too, but also allowed 
significant flexibility in the choice of rupture style and approach to simulate realizations of strike-slip 
ruptures. The benchmark parameters are shared via a dynamic web document that each modeler can 
reference in setting up their model. We chose a model domain that included the closest distance to 
rupture up to 20 km, far enough from the source to be able to evaluate distance trends, but small 
enough to limit the effect of path effects not modeled with the simple 1D velocity medium and 
computational limitations. This has the advantage to allow our group to focus on source components 
rather than on path or site effects. The source is centered in the model domain, to allow symmetric 
evaluation of ground motion at all azimuths. Both means and standard deviations of intensity 
measures from multiple realizations were targeted to be output and compared with GMMs. 

Each of the model groups generates suites of simulations using their preferred code and dynamic 
rupture method, creating a diverse distribution of rupture behavior (Figures 1-4, below). For 
example, two end-member cases include 1) a uniform regional stress field projected onto a rough-
fault profile and 2) superimposed stress heterogeneity along a planar fault, respectively. We focus on 
the magnitude range of Mw ~5 up to Mw ~7 at distances up to 20 km from the source, comparing 
median spectral accelerations across a range of periods. We each compare our synthetically 
generated ground motion with four current state-of-the art GMMs. Additionally, the synthetic ground 
motion variability (which can be isolated in terms of both intra- and inter-event) is calculated as a 
function of both distance and period. The aggregated level of ground motion compares well with 
GMM’s predictions in terms of both distance decay and median ground motion at long and 
intermediate periods but we find that some methods have lower than expected amplitudes at shorter 
periods, a focus of subsequent work. We observe that intra-event variability is highly dependent on 
hypocenter location, resulting from azimuthal changes in ground motion amplification. 

We presented our progress at the annual 2020 SCEC conference and updated results at the 2020 
AGU meeting. We have benefited from suggestions from the community and have received 
significant interest in both the effort and results, including making a database of ground motion 
records available to the public for further investigation. We ended this year of funding by integrating 
the various modeling groups results into a unified format that enables direct comparison of each 
algorithm’s trends in terms of median ground motion and variability (Figure 5). This procedure 
allows isolating differences between models easier to visualize and enables evaluation of how the 
merged results compare to empirical relations by both an event-by-event basis and on average.  

In addition to modeling ground motion, we also keep track of fault displacement along the surface 
trace of the fault (an example shown in Figure 4). Modelling fault displacement in parallel with 
ground motion ensures that we don’t create unrealistic source events that may neglect constraints of 
physical ruptures, a possibility if efforts of source generation are pursued in isolation. This database 
is leveraged in an ongoing companion research project of validation of fault displacement from 
dynamic ruptures by a subset of our group (primarily Wang, Dalguer and Goulet). 

Individual Model Group Results 



Part of the value of working within a coordinated team is to develop different approaches for the 
prescription of model characteristics that lead to validated ground motions. In that spirit, each co- PI 
constructed models of the benchmark by using their own preferred technique in specifying initial 
stochastic stress conditions, fault friction properties or geometrical fault complexity. They each 
developed a distribution of events by running a suite of dynamic rupture simulations appropriate 
within the magnitude range Mw 5–7, computationally accurate to frequencies ranging from 0.1 up to 
~3 Hz. The following list outlines each PI’s technique used to simulate a distribution of ruptures and 
describes their chosen method and associated results.  

Withers constructed models with stochastic fault roughness and ran spontaneous earthquake ruptures 
along rough faults, using a well-verified code (Waveqlab3D) that accurately simulates the rupture 
along a fault with geometrical complexity at both short and long wavelengths. A suite of simulations 
was developed for validation by varying the random seed of the rough-fault geometry; this naturally 
produces varying magnitude events with variation of the hypocentral location and background stress 
conditions. Figure 1 shows an example of six realizations of ruptures along a rough-fault topography 
profile, with variations in hypocenter location, and corresponding median spectral acceleration trends 
(compared to GMMs) with distance and associated intra-event variability. The intra-event variability 
is seen to be highly dependent on hypocenter location, resulting from azimuthal changes in ground 
motion amplifications. The overall level of variability is lower, as expected, since we currently 
exclude site effects and full 3D media heterogeneity in our velocity model.  

Ulrich/Gabriel’s group used the open-source software Seissol (www.seissol.org) to perform 
dynamic rupture efforts for this project. These models used a hybrid approach (Ulrich and Gabriel, 
SCEC 2020), that included stochastic frictional properties in combination with geometric fault 
complexity. The models were designed to both radiate high frequency ground motion matching 
observations and feature an average fracture energy compatible with their moment magnitude. Figure 
2 gives an example of ~Mw 7 ruptures that vary the process zone width along rough faults, showing 
how the fault slip, rupture speed, and peak slip rate are affected.  
 
Wang/Goulet’s group used variation in frictional models, including rate and state with a dynamic 
weakening mechanism (Wang and Day, 2019), in combination with fault geometric complexity to 
run variations in dynamic rupture models. An example suite of simulations is shown in Figure 3, that 
shows how the ensemble of ground motion data compares along various magnitude ruptures with 
period compared to data. As mentioned, each modeler also keeps track of fault displacement that is 
used to further constrain our ground motion models and help supplement a paucity of empirical 
measurements; an example is shown in Figure 3. 

Ma’s group extended the heterogeneous stress model of Andrews and Ma (2016) (that leads to self-
similar stress drops) to smaller magnitude vertical strike-slip events during the last year. They fixed 
the rupture length to 20 km along strike and buried the rupture to 5–10 km depths. In this method, the 
long wavelength along strike determines the amplitudes of all other shorter wavelengths, allowing 
ruptures to die out naturally. An example of this technique applied to Mw ~6.5 events is shown in 
Figure 4 at a distance of 10 km from the fault for a range of periods.  

Oral/Ampuero’s group were not officially funded member for this year’s proposal, but they 
continued work from the previous year’s project on testing models with heterogeneous fault stresses 
constructed from the superposition of residual stresses left by previous ruptures, and results are 
included within the combined example of all modeler’s results, shown in Figure 5. 



Results from the team. Comparing each modelling team’s results individually allowed analysis of 
each groups approach and dependence on choice of initial conditions. It is also useful to combine 
each group’s results and compare trends on the average of each set of simulations to gain further 
insight into the similarities and differences based on a common set of parametrizations and source 
constraints. Figure 5 shows this comparison for each of our 5 modelling groups, analyzing the 
synthetically generated ground motions with current state-of-the art GMMs (including Boore et al., 
2014, Abrahamson et al., 2014, Campbell & Bozorgnia, 2014, and Chiou & Youngs, 2014) as a 
function of distance for long to short periods. The averaged ground motion from each individual’s 
group was plotted, for ease of visual inspection. We found that the overall level of ground motion is 
fairly consistent among modelers and compares well with GMM’s predictions in term of distance 
decay and period dependence, but that the intra-event variability is highly variable among models. 
We note that most models are within 1 inter-event median from this example Mw 7 event, but start to 
deviate at shorter periods, around 2-3 Hz or so, falling off more rapidly with frequency. Investigation 
is ongoing to determine the cause of the consistent discrepancy between empirical and synthetic data 
at this bandwidth.  

Summary  

We continued a newly formed SCEC-funded project that focused on a collaborative approach to 
validation of ground motions produced from dynamic rupture simulations. We worked towards 
improving models of earthquake rupture for applications to seismic hazard. Here, we utilize a 
dynamic rupture approach to validate synthetically generated ground motion by comparing with 
GMMs at a range of magnitudes and distances of engineering relevance. Our method uses physics-
based simulations to generate deterministic broadband ground motions; the synthetic median and 
variability of our simulations are compared with leading ground motion models (GMMs). Our goal is 
to address relevant needs of the community, particularly the end users of simulations such as 
engineering researchers and engineers. We intend to make our validation publication available to the 
community, so that individuals from a variety of background disciplines can leverage our results for 
a variety of purposes.  

This work was the continued effort of a planned multi-year project. Next, we plan to continue to 
simulate ruptures, to extend our source characteristics to a wider array of initial conditions with a 
diverse distribution of initial hypocenter locations, initial background stress and friction conditions, 
and varying modelling approaches, including varying fault geometry and heterogenous stress 
distributions. This will increase the variability of our sources to more accurately represent the real-
world distribution and enable determination of how widely the models vary and the influence of 
different conditions on rupture.  

In the future, we envision selecting a few key representative historical earthquakes from the SCEC 
Broadband Simulation Platform (Goulet et al., 2015) that will be used to further ensure that the 
ground motion is consistent with that of strong ground motions records. Additionally, validation will 
be extended to include more complex events, such as both normal and reverse earthquake 
mechanisms, and iteratively expand the range of model parameters, domain size, and upper 
frequency limit so as to provide validated methods representing realistic conditions. If these initial 
validation efforts are satisfactory, we plan to begin the process of going beyond the GMMs to 
demonstrate that dynamic rupture simulations have the potential to provide more information to 
inform seismic hazard for engineering applications. 



 



Figure 1. (a) Example ground motion patterns (0.3 s) compared with empirical models for various different initial conditions, 
including hypocenter location, velocity model (H = homogenous, 1D layered velocity model unless otherwise noted) , and 
nonlinearity (P=plasticity) model for a strike-slip ~Mw 7 fault. (b) Example ground motion distance decay plotting SARotD50 at 
several periods and corresponding intra-event standard deviation for a set of rough-fault simulations for Mw ~7, where the 
hypocenter location and plasticity are varied. We extract ground motion from 4 leading GMPE relations using the values of Z1.0, 
Z2.5, Vs30, Rjb, etc... used in our simulations.  

 
Figure 2. (a)  Investigating the dependence of fault roughness effects with the rupture process zone width. We find that a larger 
rupture process zone leads to less coherent rupture fronts and higher variability of rupture speed. (b) We develop strategies to 
emulate the dynamic rupture behavior in a hybrid approach, combining small-scale traction and strength heterogeneity with 



larger-scale geometric complexity. Near-field synthetic ground motion (SA[0.33s] in m/s2) distribution of the reference (a) and 
hybrid (c) models. (c) Comparison of synthetic near-field ground motion (SA at 0.5, 1 and 2.5 s) with 4 recent ground motion 
prediction equations (GMM’s). 

 
Figure 3. (a)  An example of final slip along one rough fault and (b) fault displacement along 7 realizations of ruptures, each 
reaching a moment magnitude of 7.3. Realizations vary fault roughness profiles and stress drop. (c) Goodness of fit (GOF) for the 
average of 4 GMMs compared with data for one set of simulations. (d) Ensemble comparisons between data and GMMs for a 
range of magnitudes. 



 
Figure 4. (a) Peak slip velocity, rupture time contours, final slip, and final stress change are mapped onto the fault for 3 
realizations using an initial heterogeneous stress field along a planar fault. Realizations 1 and 2 are for M6.5 and Realization 3 
for M6.0. (c) Comparison of the spectra of 5% damped pseudospectral velocity (PSV) between simulations (blue) and ground-
motion prediction equation (GMPE) (red) for 3 realizations at distance 10 km off the fault. 



 
Figure 5. An example ground motion distance decay plotting average SARotD50 and corresponding intra-event standard 
deviation versus distance at three periods for 5 modeling groups for a set of dynamic rupture simulations. The average 
magnitude is Mw ~7, and the hypocenter locations and other initial rupture conditions are varied within each trend. We extract 
ground motion from 4 leading GMPE relations using the values of Z1.0, Z2.5, Vs30, Rjb, etc... used in our simulations.  (MG = 
Modeling Group, RF= Rough Fault, HS = Heterogenous Stress. MG1=Withers, MG2 = Ulrich/Gabriel, MG3 =Wang/ Goulet, MG4 = 
Ma, MG5 = Oral/Ampuero).  

 

References 

Abercrombie, R.E and J. R. Rice (2005), Can observations of earthquake scaling constrain slip 
weakening?, Geophysical Journal International, vol. 162, pp. 406–424.  

Abrahamson, N. A., Silva, W. J., & Kamai, R. (2014, August). Summary of the ASK14 Ground 
Motion Relation for Active Crustal Regions. Earthquake Spectra, 30 (3), 1025–1055. 
 
Andrews, J. and S. Ma (2016). Validating a Dynamic Earthquake Model to Produce Realistic Ground 
Motion. Bull. Seism. Soc. Am., 106, 665–672. 
 
Boore, D. M., Stewart, J. P., Seyhan, E., & Atkinson, G. M.   (2014, August).   NGA-West2 
Equations for Predicting PGA, PGV, and 5% Damped PSA for Shallow Crustal Earthquakes. 
Earthquake Spectra,30 
(3), 1057–1085.    
 
Campbell, K. W., & Bozorgnia, Y.(2014, August).NGA-West2 Ground Motion Model for the 
Average Horizontal Components of PGA, PGV, and 5% Damped Linear Acceleration Response 
Spectra. Earthquake Spectra,30 (3), 1087–1115.   
 
Causse, M.; L. A. Dalguer and P. M. Mai (2013), Variability of Dynamic Source Parameters Inferred 
from Kinematic Models of Past Earthquakes, Geophys. J. Int.  



Chiou, B. S.-J., & Youngs, R. R.   (2014, August).   Update of the Chiou and Youngs NGA Model 
for the Average Horizontal Component of Peak Ground Motion and Response Spectra.Earthquake 
Spectra, 30 
(3), 1117–1153. 
 
Dalguer, L.A., H. Miyake, S.M. Day and K. Irikura (2008), Surface Rupturing and Buried Dynamic 
Rupture Models Calibrated with Statistical Observations of Past Earthquakes. Bull. Seismol. Soc. Am. 
98, 1147-1161. 
 
Dumbser, M., & Käser, M. (2006). An arbitrary high-order discontinuous Galerkin method for elastic 
waves on unstructured meshes—II. The three-dimensional isotropic case. Geophysical Journal 
International, 167(1), 319-336. 
 
Goulet, C. A., N. A. Abrahamson, P. G. Somerville, and K. E. Wooddell (2015). The SCEC 
Broadband Platform Validation Exercise: Methodology for Code Validation in the Context of 
Seismic-Hazard Analyses. Seismological Research Letters, 86. 
 
Graves, R. and A. Pitarka (2010). Broadband Ground-Motion Simulation Using a Hybrid Approach. 
Bull. Seism. Soc. Am., 100, 2095–2123. 
 
Harris, R., M. Barall, B. Aagaard, S. Ma, D. Roten, K. Olsen, B. Duan, D. Liu, B. Luo, K. Bai, J.P. 
Ampuero, Y. Kaneko, A. Gabriel, K. Duru, T. Ulrich, S. Wollherr, Z. Shi, E. Dunham, S. Bydlon, K. 
Withers, Z. Zhang, X. Chen, S.N. Somala, C. Pelties, J. Tago, V. Cruz-Atienza, J. Kozdon, E. Daub , 
K. Aslam, Y. Kase. A Suite of Exercises for verifying 3D Dynamic Earthquake Rupture Codes 
(2018), Seismological Research Letters. 
 
Hartzell, S., M. Guatteri, P. M. Mai, P.-c. Liu, and M. Fisk (2005). Calculation of Broadband Time 
Histories of Ground Motion, Part II : Kinematic and Dynamic Modeling Using Theoretical Green’s 
Functions and Comparison with the 1994 Northridge Earthquake. Bull. Seism. Soc. Am., 95, 614–
645. 
 
Käser, M., & Dumbser, M. (2006). An arbitrary high-order discontinuous Galerkin method for elastic 
waves on unstructured meshes—I. The two-dimensional isotropic case with external source terms. 
Geophysical Journal International, 166(2), 855-877. 
 
Ma, S., Withers, K. B., Ampuero, J., Dalguer, L. A., Wang, Y., & Goulet, C. A. (2019a, 08). 
Validation of Broadband Ground Motion from Dynamic Rupture Simulations: towards better 
characterizing seismic hazard for engineering applications. Poster Presentation at 2019 SCEC Annual 
Meeting. 
 
Ma, S. (2019b). Further Validation of a Dynamic Earthquake Model to Produce Realistic Near-Field 
Ground Motion. Final Technical Report submitted to USGS. 
 
Mai, P. M., and G. C. Beroza (2002). A spatial random field model to characterize complexity in 
earthquake slip, J. Geophys. Res.,107(B11), 2308. 
 
Mai, P. M., M. Galis, K. Thingbaijam, J. Vyas, and E. M. Dunham (2017). Accounting for Fault 
Roughness in Pseudo-Dynamic Ground-Motion Simulations. Pure Appl. Geophys., 174, 3419–3450. 



 
Pelties, C., Gabriel, A. A., & Ampuero, J. P. (2014). Verification of an ADER-DG method for 
complex dynamic rupture problems. Geoscientific Model Development, 7(3), 847-866. 
 
Ripperger, J., P. M. Mai and J. P. Ampuero (2008). Variability of near-field ground motion from 
dynamic earthquake rupture simulations. Bull. Seism. Soc. Am., 98 (3), 1207-1228. 
 
Roten, D., Y. Cui, K. Olsen, K. Withers, W. Savran, P. Wang, and M. Dawei (2016). High-
Frequency Nonlinear Earthquake Simulations on Petascale Heterogeneous Supercomputers. In SC16, 
pages 1–14. Salt Lake City. 
 
Somerville, P., K. Irikura, R. Graves, S. Sawada, D. Wald, N. Abrahamson, Y. Iwasaki, T. Kagawa, 
N. Smith, A. Kowada (1999). Characterizing Crustal Earthquake Slip Models for the Prediction of 
Strong Ground Motion. Seismological Research Letters. 70. 59-80.  
 
Taborda, R., K. Olsen, R. Graves, F. Silva, N. Khoshnevis, W. Savran, D. Roten, Z. Shi, C. Goulet, J. 
Bielak, P. Maechling, Y. Cui, and T. Jordan (2016). Verification and Validation of High-Frequency 
(fmax = 5 Hz) Ground Motion Simulations of the 2014 M 5.1 La Habra, California, earthquake. In 
SCEC Annual Meeting. Proceedings of the SCEC Annual Mtg, Palm Springs, September 11-14. 
 
Ulrich, T., & Gabriel, A. (2020, 08). Scale-dependent fault roughness effects on earthquake 
dynamics and ground-motion. Poster Presentation at 2020 SCEC Annual Meeting 
 
Ulrich, Thomas, Alice-Agnes Gabriel, and Elizabeth Madden (2020), Stress, rigidity and sediment 
strength control megathrust earthquake and tsunami dynamics, preprint, doi:10.31219/osf.io/9kdhb, 
 
Ulrich, Thomas, Alice-Agnes Gabriel, Jean-Paul Ampuero, and Wenbin Xu (2019), Dynamic 
viability of the 2016 Mw 7.8 Kaikōura earthquake cascade on weak crustal faults, Nature 
Communications, 10(1213), doi:10.1038/s41467-019-09125-w. 
 
Ulrich, Thomas, Stefan Vater, Elizabeth H. Madden, Joern Behrens, Ylona van Dinther, Iris van 
Zelst, Eric J. Fielding, Cunren Liang, and Alice-Agnes Gabriel (2019), Coupled, Physics-based 
Modelling Reveals Earthquake Displacements are Critical to the 2018 Palu, Sulawesi Tsunami, Pure 
and Applied Geophysics, doi:10.31223/osf.io/3bwqa. 
 
Ulrich, T., Gabriel, A. A., Ampuero, J. P., & Xu, W. (2019a). Dynamic viability of the 2016 Mw 7.8 
Kaikōura earthquake cascade on weak crustal faults. Nature communications, 10(1), 1213. 
 
Ulrich, T., Gabriel, A. A., & Uphoff, C. (2019b). Are multi-fault rupture and fault roughness 
compatible? Dynamic rupture modeling of the 2016 Mw7. 8 Kaikōura, New Zealand, rupture 
cascade with geometric fault complexity across scales. AGU Fall Meeting 2019, S51E-0432. 
 
Wang, Y., and Day, S. M. (2019), Effects of off-fault inelasticity on near-fault directivity pulses, 
Bulletin of the Seismological Society of America, submitted. 
 
Withers, K. B., Olsen, K. B., Day, S. M., & Shi, Z. (2018). Ground motion and intraevent variability 
from 3D deterministic broadband (0–7.5 Hz) simulations along a nonplanar strike-slip fault. Bulletin 
of the Seismological Society of America, 109(1), 229-250. 



 
Withers, K. B., Olsen, K. B., Shi, Z., & Day, S. M. (2018). Validation of deterministic broadband 
ground motion and variability from dynamic rupture simulations of buried thrust earthquakes. 
Bulletin of the Seismological Society of America, 109(1), 212-228. 
  
Wollherr, S., Gabriel, A. A., & Uphoff, C. (2018). Off-fault plasticity in three-dimensional dynamic 
rupture simulations using a modal Discontinuous Galerkin method on unstructured meshes: 
implementation, verification and application. Geophysical Journal International, 214(3), 1556-1584. 
 


