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Abstract: Chile is home to the largest historical earthquake ever recorded, the May 22 1960 M9.5
Valdivia megathrust event and, among others, the more recent 27 February 2010 M8.8 Maule
earthquake that caused significant damage in urban areas, including Santiago. In fact, seismic
hazard, resulting damage and losses in Chile are driven by megathrust events in the subduction
zone, where the Nazca tectonic plate collides with the South America tectonic plate. Ground
shaking and loss estimation in catastrophe models conventionally relies on regression of empirical
ground motion recordings (Ground Motion Prediction Equations, or GMPEs) from historical
earthquakes. However, GMPEs tend to produce large uncertainty due to the inherent smoothing,
and potential bias in the estimated ground motions, particularly for large, rare events. Since
seismic instrumentation in 1960 was insufficient to capture the ground motions from the Valdivia
event, and no other historical earthquake of this magnitude has occurred, GMPEs are mostly
unconstrained for such large-magnitude events. This study is a collaboration between Gallagher
Re, the WTW Research Network and San Diego State University (SDSU) and aims to bridge the
gap between academia and industry by presenting a viable alternative to using GMPEs for ground
shaking and loss estimation from megathrust events. The study illustrates the use in catastrophe
modelling of earthquake footprints developed by SDSU using advanced 3D ground motion
simulation techniques for M8.2 to M9.5 megathrust scenarios in the South America subduction
zone in Chile.

Generation, validation and application of a 3D model for Chile subduction
zZone

Ground motion footprints are directly used in damage estimation. Reliable estimates of the insured
losses require the characterisation of the ground shaking and its uncertainty to be as accurate as
possible. Seismic waves and the resulting ground motions are strongly sensitive to characteristics
of the rupture propagation path and 3D crustal structures that can alter the amplitude and
propagation period of waves. In contrast, the techniques in widest usage today instead rely on a
grossly simplified rupture geometry, no information on rupture front propagation, and empirical
ground motion prediction equations (GMPEs). Here, we explore the impact of such state-of-the-
art realizations of megathrust scenarios on insured loss estimation in the Chile subduction zone,
in comparison with the tools currently available.

We have constructed and validated a 3D Community Velocity Model (CVM) for physics-based 3D
simulations in the Peru-Chile coastal regions between 9°S and 42°S to a depth of 160 km. The
CVM is based on the Lawrence Livermore National Laboratories Global 3D surface-wave seismic
tomography background model (Simmons et al., 2019), merged with more detailed model features
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including the SLAB 2.0 subduction zone geometry model (Hayes et al., 2018), ambient noise
tomography across the central Andes (Ward et al., 2013), and the Santiago de Chile basin model
with a modified sediment-bedrock interface (Pilz et al., 2011). In order to avoid artifacts in ground
motion simulations smoothing was applied to some of the layer boundaries in the background
model. In addition, 1D borehole data from the Concepcion and Vifia del Mar areas,

and bathymetry data from GEBCO-2021 are incorporated into the CVM. Finally, a shallow
geotechnical layer (GTL) is added using a vertical tapering technique based on Vs3o values
derived from topography and modified according to Santiago basin Vs3o measurements (Diaz et
al., 2022).

We carried out 3D deterministic ground motion simulations in the CVM using the scalable 4torder
accurate finite-difference method AWP-ODC (Cui et al., 2013). First, we validated the CVM
against strong motion data and the BC Hydro ground motion prediction equation (Abrahamson et
al., 2018) for the 2010 Mw8.8 Maule earthquake. The validation used a kinematic source model
consisting of a smooth background slip distribution and high stress-drop subevents (Frankel,
2016), optimizing the GTL parameters, basin depths and Vs30 values in the model. We also
applied site effect corrections based on a 1D approach (Day, 1996, Hu et al., 2022), to account
for effects of the GTL at the upper hundreds of meters with local shear-wave velocity less than
500 m/s. The simulations provided spectral accelerations (SAs) similar to strong motion records
from the Maule event as well GMPEs along coastal areas, albeit with a somewhat faster decay at
larger distances for SAs at 0.5s (see Figure 1).
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Figure 1. Comparison of SAs (left at 3 sec and right at 0.5 sec) from synthetics, observations and
GMPEs for the 2010 Maule event. The color shading shows results from the synthetics across
the simulation domain, with higher densities in brighter colors. The black and magenta triangles

show the observations and synthetics, respectively, at 25 ground motion stations, and the lines
depict values from the BC Hydro GMPE for three different Vs30 values.

The CVM was then used to estimate seismic risk along the south American west coast for 8
megathrust earthquake scenarios ranging from magnitudes 8.2 to 9.5. Figure 2 shows a rupture
model and simulated peak ground accelerations (PGAs) for a realization of a ‘worst-case’ Valdivia-
type magnitude 9.5 earthquake scenario, rupturing further to the north compared to the 1960
event, close to metropolitans of Santiago and coastal resort towns. The irregular PGA contours
for the predicted PGAs are caused by basin amplification, directional effects, and wave focusing,
that are generally insufficiently covered by GMPEs. PGAs in the Santiago area and nearby coastal
areas can exceed 0.5g in this scenario.

Comparison of 3D ground motion simulations with catastrophe model

footprints

Figure 3 shows a comparison of the 3D simulated ground motion spectral acceleration footprint
for the magnitude 9.5 megathrust scenario with the footprint of an equivalent magnitude scenario
from a catastrophe model. We find that the GMPEs employed in conventional loss estimation
show a much slower decay of the ground shaking with distance which can have a sizeable impact
on the loss estimation. Moreover, we find that the Santiago basin significantly amplifies the ground
motion, in a way that is poorly captured by the GMPEs.
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We tested the loss impact of the footprints on a typical countrywide insured portfolio, comprising
mostly of residential and commercial mid to high rise buildings. Around 45% of the portfolio’s total
insured value is concentrated around Santiago and therefore exposed to spectral accelerations
at 1 sec in excess of 0.32g for the magnitude 9.5 scenario in Figure 3. As a simplification for this
analysis, we have assumed that the portfolio is entirely comprised of reinforced concrete buildings
of the same height having the same vulnerability. To select an appropriate vulnerability curve for
this building typology, we leverage the Gallagher Re database of global empirical vulnerability
curves. The loss comparison between the 3D simulated and catastrophe model footprints reveals
that the differences in loss from the two approaches can be significant with the catastrophe model
typically significantly overestimating losses for events with magnitudes above 8.6.
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Figure 2. (left) Rupture model and (right) resulting PGAs for a M9.54 megathrust earthquake
scenario off the coast of central Chile, where the star depicts the epicenter. The contours show
(left) rupture initiation times and (right) peak ground acceleration.
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Figure 3. Spectral acceleration at 1sec (top) and 0.4 sec (bottom) in g from a M9.5 scenario
predicted by 3D ground motion simulation (leff) compared to an equivalent scenario from a
catastrophe model (right).
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