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Summary

Model Setup

Initial Results

Existing tsunami simulation models often rely on bare-earth

The most significant part of the model setup is the creation of the

To test the model coupling, we run a test tsunami event and observe

topography to model inundation and overland flow. In reality, the

combined bathymetry and topography. The case discussed here is

the differences between the elevation gauge outputs

flow of water inundating coastal regions is far more complex. The

for the coastal fishing port in Cilacap, Indonesia:

produced by the SPH model, and the output as if the

presence of buildings, structures, vegetation, and other

NLSWE solver had been used right up to the coastline. It

obstacles, all influence the flow of water during tsunami

is important to note that the NLSWE output should not be

inundation. However, many tsunami models disregard terrestrial

considered the ‘correct’ output, but similarity, particularly in wave

obstacles in favour of increased computation speeds. Particle-based

height in deeper-water gauges, is a good sign of output reliability.

models are able to simulate these complex flows, but are
computationally demanding, even at a local scale, and require
tuning for stability and precision. Conversely, particle-based models
Gauge 1

cannot quickly or efficiently model the generation and transoceanic
propagation. In this work, we couple a traditional tsunami
simulator with an Smoothed Particle Hydrodynamic
(SPH) solver, DualSPHysics, with the aim to generate realistic
simulations of coastal tsunami inundation, using state-of-the-art GPU
clusters.

A combination of digitised hydrographic charts, SRTM topography,

Gauge 2

and OpenStreetMap boundaries of buildings is used to create the
3D modelling domain:

Governing Equations
This novel coupled hydrodynamic model design consists of two

Gauge 3

parts:
Linear/Non-Linear Shallow Water Equations on a 2D

•

structured grid
•

Discretised Navier-Stokes equations (in the form of an

On the surface, these results may seem discouraging, however

SPH solver) within a 3D meshless field

there are some clear positive signs:
•

Each of these sets of governing equations present individual

difference of only 20 cm – when remembering that the

strengths and weaknesses:

L/NLSWEs
•

•

value, this error seems less significant.

•

•

Computationally

Whilst acknowledging the significant difference in the
proceeding wave trough, the main issue is that the SPH

can be used for large

expensive to compute,

modelling domains

especially at high

Reasonably good at

resolutions or over large

modelling tsunami waves

modelling domains

These results are explainable by the excessive energy dissipation

Can model complex,

that is widely reported in SPH modelling. Also, the simulation

in literature

turbulent flows in shallow

shown in the plots above took 36 hours of computation time,

Lack ability to model

water, around obstacles,

and so it is possible that we are looking at an incomplete picture.

complex, turbulent flows

and across real-world

However, based on the available outputs, these do pose promising

in shallow water or

topographies

results, with the potential for a better calibrated model

in deep water – as shown
•

comparison of the NLSWE solver isn’t necessarily the correct

SPH

Quick to compute, thus

The difference in maximum peak amplitude showed a

•

waveform appears excessively ‘stretched out’ and the
wave progresses much more slowly.

Model Outputs

around obstacles

setup to produce more comparable results.

Whilst DualSPHysics can produce a range of outputs, including
velocity, surface elevation, pressure, and force, a series of 7

Model Coupling

elevation gauges were created to calibrate the model coupling:

Next Steps
The following steps are required before the use of a coupled

Coupling the above two numerical schemes allows us to play to the

NLSWE-SPH model can be used to simulate tsunami events in urban

strengths of each scheme, using a 2D, efficient scheme in

environments from generation to inundation:

open ocean and a 3D, SPH method for coastal waters

•

and inundation. This comes with significant challenges.

Perform extensive calibration to bring SPH model output closer
to expected realistic result

Combining the two-dimentional NLSWEs with a three-dimensional

•

SPH scheme has been done using a dynamic, input and output

Apply coupled model design in an area where precision
instrumental record of a tsunami exists for improved validation

boundary.

•

Use uncertainty quantification techniques to further understand
the influence of input setup parameters.

This InletOutlet boundary can both add and remove modelling
nodes from the domain at variable elevations. This coupling can be
seen in the diagram below.
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