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Abstract—As demonstrated by recent mega-tsunamis, tsunami
coastal inundation could vary substantially as a result of the
source characteristics and the local geomorphologic-related- ef-
fects. Here, numerical simulations are used to characterize the
tsunami potential triggered by seismic sources. Particularly,
available data suggesting high stressed areas along the shallow
part of the interplate in central Chile are used to assess potential
tsunami inundation along the highly populated coastal area of
Viña del Mar and Valparaı́so in Chile. The approach lies on
the assessment of 1000 inundation scenarios along the region for
earthquakes with Mw 8.6 - Mw 8.7. It is found that flow depths
of 10 m can affect the region. This is crucial information for
urban planning.
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I. INTRODUCTION

Tsunami inundation varies significantly along the affected
coasts due to the characteristic of the source that triggers the
tsunami or as consequence of local effects, causing enormous
consequences in coastal communities. The aim of this study
is to estimate the potential tsunami inundation in the coastal
city of Viña del Mar and Valparaı́so, the main coastal resort
city and port of the country (Fig. 1). For this, earthquakes
with magnitude between of Mw8.6 -Mw8.7 are considered
as plausible events that could rupture in the (highly) coupled
shallow part of the megathrust in central Chile[1].

II. SEISMIC SOURCES AND NUMERICAL MODELING

The seismic source is characterized leading to the gener-
ation of multiple scenarios considering stochastic distribution
of slip. For each scenario, the initial sea-surface displacement
is computed from regularly used elastic dislocation models,
which are treated as initial conditions for tsunami numerical
propagation and inundation using high resolution topographic
and bathymetric computational grids. From these numerical
simulations, the tsunami flow depths are obtained.

In this case study, only tsunamis triggered by seismic
sources along the interplate are considered. First, an area of
interest is identified where earthquakes of given magnitudes are
expected. Stochastic rupture scenarios will be restricted over
that area. The geometry of this source has been defined based
on the subduction zone model of [4], extending from latitudes
31◦S in the north to about 35◦S in the south, which is roughly
the region flanked by the main rupture zones of the 2010

Fig. 1. Tectonic setting and the seismic source zone where stochastic slip
distributions were generated. Black segments show three highly locked fault
areas inferred in [1]. Two larger segments are shown: the extent of the rupture
Mw8.6 - Mw8.7 (red dotted line) use in this study and the large Valparaı́so
maximum rupture estimated by [2] (magenta dashed line). Color-coded dots
show epicenters of earthquakes greater than Mw > 6.0 in the region [3].

Mw8.8 Maule and 2015 Mw 8.3 Illapel earthquakes. In the
dip direction, the fault region extends from the trench to about
60 km depth. These updip and downdip limits are consistent
with the along-dip extent of those recent neighbouring events.

Along this source zone, a set of 1000 rupture scenarios
with varying slip in both dimensions of the fault is created. All
scenarios have the same target magnitudes of Mw8.6-Mw8.7,
which was defined by applying earthquake scaling laws [5] to
the 400-km-rupture length and 180-km-rupture width of the
assumed seismic source. To generate the set of scenarios, the
fault region is discretized into 192 rectangular sub-faults with
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Fig. 2. Flow depths expected for Viña del Mar and Valparaı́so based on
percentile 95. a) Flow depth dm(x, y) for earthquakes Mw8.6; b) Flow depth
dm(x, y) for earthquakes Mw8.7.

dimensions of 20 km both along strike and downdip. Next, the
Karhoenen-Loeve expansion is used to generate aleatory slip
distributions [6].

For each rupture seismic scenario, seafloor and land de-
formations were computed with the analytical solutions of
a rectangular source of the Okada model [7], assuming in-
stantaneous displacement. Once these deformations are ob-
tained, numerical simulation are conducted for each tsunami
source to obtain flow depths and arrival times using the soft-
ware Tsunami-HySEA [8]. Tsunami-HySEA solves the two-
dimensional shallow-water water equations (NLSWE) using a
high-order path-conservative finite volume method, using high
resolution bathymetry and topographic computational grids [9].
The target cities of Valparaı́so and Viña del Mar are contained
in the finest grid.

III. RESULTS

A. Source characterization and tsunami modeling

The maximum coseismic slip considered was 20 m. This
value is consistent with the offshore slip deficit accumulated
since the last large earthquake in 1730 [2], considering a
convergence rate of 6.5 cm/yr. From each coseismic slip dis-
tributed scenario numerical simulation were run and integrated
to show flow depth along the coast of Viña del Mar.

Fig. 2 shows the results of tsunami inundation in terms
of the flow depth dm(x, y). As with the slip, at each cell the
Vi(dm, ta) are used to build the cumulative density functions
for each variable independently. From these, the percentile
95% are estimated, which integrates all scenario for each
magnitude. In Viña del Mar (Fig. 2), inundation reaches

about dm ≈9 m over a very narrow band near the shoreline
(red colors), which rapidly decrease to dm ≈3-4 m in the
surroundings of the Marga-Marga river floodplain. The largest
tsunamis among the set can propagate up to 1.5 km inland,
although with relatively small flow depths of dm ≈0.5 m (blue
colors).

IV. FINAL REMARKS

The present study highlights the tsunami potential along
Viña del Mar and Valparaı́so. A statistical spatial analysis
shows the variations of flow depths triggered by seismic
scenarios with Mw8.6-8.7. The main findings show that based
on those earthquakes, flow depths up to 10 m could affect Viña
del Mar; and Valparaı́so will be less affected with flow depth
up to 3 m. Inundation maps and time arrivals will be used
to conduct tsunami vulnerability assessment in these coastal
cities.
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