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Introduction 
This electronic supplement contains the illustrations of the kinematic slip models used to generate synthetic waveforms for the 2010 Mentawai tsunami earthquake, a comparison between the original coarse slip model from Yue et al. (2014) and our finely discretized model, an illustration of the matched filter technique implemented, examples of observed ringing and effects of varying the shallow velocity structure, and an example of MPGA estimation. Rupture files and waveforms for the simulations can be accessed via the accompanying Zenodo dataset (Nye et al., 2024).
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Description automatically generated]Figure S1. Slip models for all 30 initial stochastic ruptures (i.e., mentawai.000000, mentawai.000001, …, mentawai.000029, respectively).
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Description automatically generated]Figure S2. (a) Coarsely discretized slip model from Yue et al. (2014). (b) Finely discretized version of the slip model from (a) used as the mean slip model for this study.
[image: A collage of different colored lines

Description automatically generated]Figure S3. (a) Illustration of the simulation matched filter process using a common corner frequency (fc) for both the lowpass and highpass filters. (a) Normalized amplitudes of the individual low-frequency (yellow) and high-frequency (purple) waveforms in units of acceleration prior to any filtering. (c) Normalized amplitudes of the individual lowpass filtered low-frequency (yellow) and highpass filtered high-frequency (purple) waveforms, both with a filter fc of 1 Hz. (e) Normalized amplitude of the resulting broadband waveform after combing the waveforms in (c). (b,d,f) Fourier amplitude spectra of the waveforms in (a,c,e). The dashed line in (d) indicates the filter fc, and the black box in (f) highlights the artificial notch in the broadband spectrum.  


[image: A collage of different colored lines

Description automatically generated]Figure S4. Illustration of the matched filter process using a separate corner frequency (fc) for the lowpass and highpass filters. (a) Normalized amplitudes of the individual low-frequency (yellow) and high-frequency (purple) waveforms in units of acceleration prior to any filtering. (c) Normalized amplitudes of the individual low-frequency (yellow) waveform lowpass filtered with a filter fc of 1 Hz, and the high-frequency (purple) waveform highpass filtered with a filter fc of 0.1 Hz. (e) Normalized amplitude of the resulting broadband waveform after combing the waveforms in (c). (b,d,f) Fourier amplitude spectra of the waveforms in (a,c,e). The dashed and dotted lines in (d) indicate the lowpass and highpass filter fc, respectively, and the black box in (f) highlights the smoothed spectrum absent of an artificial notch. 


Figure S5. Observed HR-GNSS displacement waveforms for the 2010 M7.8 Mentawai event.
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Description automatically generated]Figure S6. Observed strong-motion acceleration waveforms for the 2010 M7.8 Mentawai event.




Figure S7. Fourier amplitude spectra of the ringing observed in the strong-motion and GNSS recordings of the 2010 Mentawai event. To capture the ringing, the records were trimmed to start at 2010–10–25T14:47:02Z. For both the seismic and geodetic data, the energy peaks around 0.1 Hz.
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Figure S8. (left) Comparison between the original velocity model used for this study and three variations of the velocity model using softer layers in the shallow subsurface. (right) Binned displacement Fourier amplitude spectra for three example HR-GNSS stations using the different velocity models.
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Description automatically generated with medium confidence]Figure S9. Example solvation for MPGA for one stochastic event with one set of parameters. (top) P-value for Kolgomorov–Smirnov (K–S) tests performed between simulated PGA values and GMM PGA predictions for trial magnitudes ranging M5.5-8.5. MPGD and MPGA for this event are indicated by the gold and red lines, respectively. (bottom) Statistic values for the K–S tests.




Data and code availability
Observed data for the 2010 Mentawai tsunami earthquake were obtained from Muzli Muzli of the Agency for Meteorology, Climatology, and Geophysics of Indonesia (BMKG) and from the Rhul et al. (2019) database. These data were recorded by HR-GNSS instruments operated by the Badan Informasi Geospasial (BIG) and strong-motion stations operated by the BMKG. Simulated data were generated using FakeQuakes, and the codes are available online at https://github.com/dmelgarm/MudPy. Inversion data used for simulating the Mentawai event were obtained from Yue et al. (2014). Rupture files and waveforms for the simulations can be accessed via our online Zenodo dataset (Nye et al., 2024). Maps were produced using the Generic Mapping Tools software (Wessel et al., 2019) with a digital elevation model downloaded from GMTSAR (Sandwell et al., 2011), and all analyses were completed with in-house code, available online at https://github.com/taranye96/tsuquakes. This includes a parameter configuration file for simulating data with FakeQuakes, and all major codes used for processing and analysis of the data. 
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