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Abstract
We present simulations obtained from a tsunami model
using finite element discretization in space and applying
a leap-frog-like scheme for evolution in time as developed
in [Pranowo, 2010]. Moreover we give a brief overview of
the underlying mesh generator amatos and discuss some
of its main advantages.

Introduction
Inundations pose an increasingly dangerous hazard
to coastal areas. Therefore, precise prediction is an
attempt to investigate the risk by helping to develop
warning systems and planning tools. For about 40 years
numerical models have been successfully applied in this
area and are permanently improved with respect to efficiency and accuracy. One example is TsunAWI (Tsunami
unstructured mesh finite element model developed at
Alfred Wegener Institute), developed by [Behrens et.
al 2007], which is part of the operational model in the
German Indonesian Tsunami Early Warning System
(GITEWS).

Methods
For inundation modelling a variety of numerical methods
such as Finite Element Methods (FEM), Finite Volume
Methods (FVM) or the Discontinuous Galerkin (DG)
method can be applied. The underlying physical processes can be described by the shallow water equations.
Depending on the method used there are various
approaches for the computation of the wetting-anddrying boundary such as extrapolating and finding an
appropriate Tschebyscheff approximation (an approach
proposed by [Lynett et al., 2002] for FEM) or computing
fluxes between the cells when using DG or FVM while
maintaining positive water depth (see [Kärnä et al.,
2010]). Recently we are developing a code for simulating
inundation caused by storm surges based on the DG
method on an adaptive triangular grid.

Inundation scenario
Simulation obtained from an adaptive
unstructured triangular finite element
tsunami model. The wave propagation is shown for t=0 min, 12 min,
24 min and 1 hour (from top left to
bottom right).
Refinement of the grid can be observed during the simulation while
coarsening does not occur. For space
discretization the model works with
two different basis functions: Conforming ones for the elevation h and
non-conforming basis functions for
the velocity u.

Figure 1: Conforming (left) and nonconforming (right) basis functions

Figure 2: Simulation by W. Pranowo (see [Pranowo, 2010])

Inundation caused by a tsunami
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Inundation boundary
Define h̃ = h̃(η, h) = h + f (H)
with f ∈ C(T × Ω) such that
H̃ = H̃(t, x) = η(t, x) + h̃(t, x) > 0
∀(t, x) ∈ T × Ω

Mesh Refinement
Adaptive mesh generation is essential for the simulation
of natural phenomena including small-scale processes.
We utilize triangular meshes provided by the wellestablished library amatos (see [Behrens et al., 2005]).
One main advantage of amatos is the efficient data structure: Operations for grid generation and modification
are separated from those for numerical calculations.
The triangles are refined via bisection of marked edges
following an idea of Bänsch 1991. Moreover, hanging
nodes are avoided in order to keep the triangulation
conforming. Frequently a new grid partitioning has to be
computed. Since this is very costly, efficient strategies
for handling the data structure have to be developed.
One example will be discussed below.

Conservation of mass and momentum

Figure 3: Results of simulating inundation caused by a
tsunami based on different topographic data, simulation by
W. Pranowo ([Pranowo, 2010])

Figure 4: Maintaining positive water depth by transformation
of bathymetry - an approach proposed by [Kärnä et. al 2010]

Space-filling curve

Space-filling curves

Grid Adaption

This approach developed in [Behrens et al., 2000]
is used to solve the non-trivial problem of managing
unstructured and hierachical triangular grids, which is
crucial for handling the immense computational load
that realistic simulations pose. It ensures an effective
calculation of domain decomposition by distributing the
load to several processors (parallelization). Furthermore,
neighbourhood relationships can be easily obtained
without storing additional data.
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Figure 5: Space-filling curve and binary tree corresponding to
a non-uniform triangulation

Figure 6: Grid adaption proceeds in five steps: 1. Generation
of initial (coarse) mesh, 2. Gathering required data from the
mesh into vector-like data structure, 3. Perform numerical calculations, 4. Scatter the calculated results back to the mesh,
5. Adaptation of the grid (see [Behrens et al., 2005)]

