
The earthquake insurance and re-insurance industry conventionally rely on
ground motion from Ground Motion Prediction Equations (GMPEs) to estimate
the insured losses. However, GMPEs by construction produce large uncertainty
due to the inherent smoothing, and potential bias in the estimated ground
motions, and include major gaps in data in the near field and for large-
magnitude events. Here, we explore the efficacy of using wave propagation
simulations carried out in a state-of-the-art 3D earth model to help refine the
expected range of ground motions and thus loss estimates, for megathrust
scenarios along the south America subduction zone.

With the Vs30 derived from topography, tapering is applied to estimate the near
surface GTL from Vs30, following Ely et al. (2010). We used a M5.5 validation
event to find the best values for the GTL tapering depth 𝑧!, the Santiago basin
depth and the background model. Our calibration tests show that the Earth3D
model (Simmons et al., 2019) with a 120 m GTL provides the smallest
goodness-of-fit values in terms of pseudo-spectral accelerations with
frequencies up to 1.33 Hz for our M5.5 event (Fig. 5).
We then validated the combined CVM with simulations of the 2010 Maule M8.8
event, after optimizing the rupture model by adjusting the subevents’ magnitude
and time shift to fit the envelope of recordings. (Fig. 6)

Background and Objectives Calibration and Validation
More future scenarios are then generated and ground motions simulated along
the Chilean and Peruvian coast for large megathrust earthquakes (Mw8.5–9.5).

Conclusions

Peru-Chile Community Velocity Model
► Background global seismic velocity tomography model (LITHO 1.0,
Pasyanos et al., 2014, and LLNL Earth3D, Simmons et al., 2019),
► geometry of the subducting slab (SLAB 2.0, Hayes et al., 2018),
► crustal velocities from surface wave tomography (Ward et al., 2013),
► a geotechnical layer (GTL), calculated based on GEBCO-2021 topography
(Ely et al., 2010),
► basin sediments (refined Santiago basin structure from Pilz et al., 2011), and
► local structure around Concepción and Vina del Mar from borehole data.

3D Numerical Modeling
We carried out wave propagation simulations using 3D finite difference code 
AWP-ODC with:
► calculations deployed on up to 1000 OLCF Summit GPU nodes,
► discontinuous mesh (DM) with smallest grid spacing of 20 m,
► minimum velocity of 500m/s, and
► maximum frequency of 5Hz.

⇑ Figure 6: Velocity envelopes at stations CRMA and CONC (see Fig. 7 for locations) before
and after optimizing the superimposed subevents.
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⇑ Figure 4: Near-surface Vs profile optimized by PEER (2014), illustrated at site TAL (for
location, see Fig. 7). The green dashed curve depicts the initial GTL model for generic rock
profiles, the red curve shows the GTL model using the optimized parameters, while blue line
represents the profile from PEER (2014).
⇗ Figure 5: Weighted absolute errors of synthetic spectral accelerations, given different
background and GTL models, compared with observations of the M5.5 calibration event.
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Model and Methodology

⇑ Figure 1: Vs model at 20km depth for
the central Andes region from surface
wave tomography (Ward et al., 2013).
Triangles show stations with recordings of
the M8.8 Maule event, and white lines
represent locations of 3 cross-sections
shown in Fig. 2.
⇒ Figure 3: Depth profile of the minimum
Vs in the CVM (red), and the minimum
resolvable Vs with 5 points per minimum
wavelength (black dashed) by using a 3-
block discontinuous mesh (grid spacings
20m, 60m, and 180m).

⇗ Figure 2: Vs vertical cross-sections of the incorporated
Peru-Chile CVM along latitudes: (a) 27.0°S, (b) 33.5°S
(across Santiago basin), and (c) 36.8°S. See Fig. 1 for
locations.

⇑ Figure 7: Compound source model (c) for the Maule event, by combining the background
slip (a) with high stress drop subevents (b, Frankel, 2017). The star depicts the epicenter,
black triangles are stations shown in Figs. 4, 6, and 8, while the color shading represents the
slip distribution in meters, and contours show rupture initiation times.

Scenarios for Seismic Risk Assessment 

► We have assembled a new Peru-Chile CVM, and calibrated the CVM using a
M5.5 and the 2010 M8.8 Maule earthquakes.
► Using compound kinematic rupture models for large megathrust scenarios,
we calculated footprints of PGAs and spectral accelerations at select periods for
seismic risk assessment.

⇑ Figure 8: Comparisons between synthetic (cyan) and observed (yellow) seismograms in
the Maule event validation, at CRMA (left) and CONC (right) sites in Santiago and
Concepción, Chile (see Fig. 7 for locations);

⇑ Figure 9: (Upper left) Compound source rupture
models designed for seismic risk assessment in the
Chile region, illustrated with a Mw8.4 scenario. The star
depicts the proposed epicenter, triangles are strong
motion stations, color shading is slip distribution in
meters, and contours show the rupture initiation times.
(Upper middle/right) Spectral acceleration footprints
simulated given the corresponding source model, at
frequencies of 0.33Hz and 3.0Hz. Dashed blue boxes
show 3 major city areas with higher resolution outputs,
color shading is SA distribution in [g]. (Lower right)
Spectral acceleration histograms for all on-land grid
points with 4km spacing, compared with the decaying
of GMPEs with rupture distances depicted by colored
lines.
⇒ Figure 10: Compound source rupture model
designed for an extreme scenario in Central Chile at
Mw9.54, with slip distribution by color shading and
initiation times by contours.


