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supercomputers allow us to perform
thousands of high-resolution numerical
tsunami simulations simultaneously

In Probabilistic Tsunami Hazard Analysis
for a given site, we need to simulate tens
of thousands of earthquake scenarios

How many scenarios is enough?

We need to test the sensitivity of
inundation to small changes in how
earthquakes are specified

(e.g. mag., location, strike, dip, rake,
depth)

Also need to test sensitivity to
parameters of the numerical simulation
(e.g. friction specification)

Co-seismic deformation significant for
near-field earthquakes. Many more local
scenarios are needed.
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Sensitivity of Tsunami Run-up to Earthquake Source Parameters ...

A) B) . Q) 3 § 37.51°
__|_km| S km i
0 1. 0 1 |
b = ! — 37.50°
e AP
Iy - = -~y 3749
5 1 |
| e
2 { - . TR i i 37.48°
! |
-l . -
b
— — 37.47°
0 L Po 0 _

5 A J— — 37.46°
15.07° 15.08° 15.09° 15.10° 1511 15.12° 15.07° 15.08° 15.09° 15.10° 15.11° 15.12° 15.077 15.08° 15.09° 15.10° 15.11° 1512
m |topolbathy(m) ‘1 Probability of maximum elevation exceedance in 50 years

-50 0 50 100 150 200 10°° 10°* 103 10°? 10" 10°

Tsunami Hazard Maps

Probabilistic Tsunami Hazard Analysis

PTHA estimates the probability of exceeding a given
tsunami inundation metric at a given location in a given time interval.
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In PTHA, in principle, we need
to consider EVERY possible
source of tsunami!

In practice, this can't be done -
we need to discretize possible
sources and perform hazard
disaggregation (find which
sources matter most).

We consider Predominant
Seismicity (well understood
subduction earthquakes)
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BS Cumulative Annual
Rate for each Barycenter

We consider also Background
Seismicity (crustal
earthquakes in poorly
understood tectonic settings)

How densely do we need to
discretize the source space?

How sensitive is the tsunami
inundation to changes in the
specification of earthquaoke
parameters?
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Sensitivity of Tsunami Run-up to Earthquake Source Parameters ...

Sensitivity Studies
also allow us to see
how the severity of
tsunomi
inundation
changes with
details of the
numerical model.

Here, different
values of the
friction lead to
different extents of
inundation.
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Maybe the momentum flux
IS a more important metric
of tsunami inundation? !

Plotting the maximum
momentum flux as a
function of location shows 37.40° |
that friction reduces
momentum flux more than
inundation area.
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Sensitivity Studies
allow us to see
how the severity of ik
tsunami angle
inundation

changes with the
earthquaoke f
parameters.
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The inundation stike Strike
angle b2

experienced for w" e h:
large offshore / DN I , “’N ", -
earthquakes is ."

most sensitive to | |
the strike angle
(maximum when
parallel to the
coast).
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When the
earthquakes are
close to shore and strke
there is co-seismic o
displacement, this

dominates the |‘
spatial pattern of

inundation.

Strike
angle

The angle of rake
is crucial in
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We can explore the
effect of depth.

For shallow offshore
earthquakes,
inundation depends
strongly on both
strike and dip.

For deeper
earthquakes the
dependency on dip
diminishes.
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HPC now allows us to perform many thousands of
tsunami simulations with inundation modelled at high
resolution.

PTHA demands a discretization of earthquake sources.
Sensitivity studies inform us of how many sources we
Co N Cl.U SiO ns need:. how dense this discretization must be.

Near-shore earthquakes demand a finer resolution
than offshore earthquakes.

Sensitivity to parameters of the numerical simulation
(e.g. bathymetry, friction) needs to be understood to
quantify the uncertainty.
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