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Inhaltsangabe
Many geophysical flows over topography can be modeled by two-dimensional depth-averaged fluid dynamics equations.
The shallow water equations are the simplest example of this type, and are often sufficiently accurate for simulating tsuna-
mis and other large-scale flows.

These partial differential equations are hyperbolic and can be modeled using high-resolution finite volume methods. Ho-
wever, several features of these flows lead to new algorithmic challenges, such as the fact that the depth goes to zero
at the edge of the flow and that vastly differing spatial scales must often be modeled, making adaptive mesh refinement
essential. I will discuss some of these algorithms and the GeoClaw software, a specialized version of Clawpack that is
aimed at solving real-world geophysical flow problems over topography.

Results of some recent benchmarking studies will be shown. We will also see results from efforts to compare proposed
earthquake mechanisms for the 11 March 2011 Great Tohoku Tsunami (see the picture).

From SIAM News, Volume 44, Number 4, May 2011

Asked by SIAM News for a survey of the cur-
rent state of mathematical/computational aspects of 
tsunami modeling and simulation, based mainly on 
sessions at the SIAM Conference on Mathematical & 
Computational Issues in the Geosciences (Long Beach, 
California, March 21–24), Jörn Behrens (University 
of Hamburg) and Randy LeVeque (University of 
Washington) quickly responded with the following 
article, along with some early simulation results (see 
Figures 1 and 2).

A Monday-morning invited lecture at this year’s 
SIAM Conference on Mathematical & Computational 
Issues in the Geosciences could hardly have been more 
topical. Titled “The role of applied computational 
mathematics in an end-to-end near-field tsunami early 
warning system in Indonesia,” the talk came just 10 
days after the March 11 earthquake and subsequent 
tsunami on the coast near Sendai, Japan. Of course, the 
horrific pictures of the earthquake and tsunami are in 
our thoughts, and we extend our deep sympathy to the 
victims of this recent natural disaster.

As scientists, we need to focus on what can be 
learned from the event, which is now known as the 
“Great Tohoku tsunami,” and how this knowledge 
can be applied to help mitigate future disasters. The 
Great Sumatra–Andaman tsunami of 2004, following 
decades without a major tsunami, seemed to be a once-
in-a-lifetime event. But the intervening years have 
illustrated the fickleness of Poisson processes. Many 
other areas in the world are also potentially at risk, 
including the west coast of the United States, where 
a magnitude 9 earthquake along the Cascadia subduc-
tion zone causes a catastrophic tsunami every several 
hundred years.

The shock of the 2004 tsunami, claiming 230,000 
casualties around the Indian Ocean, led to a resurgence 
of interest in tsunami modeling and made the research challenges known to a broader scientific audience, including many members of the SIAM com-
munity. This fruitful involvement was well illustrated at the SIAM conference, beginning with the lecture mentioned above, in which Jörn Behrens 
discussed new developments in tsunami modeling stemming from modern methods in applied mathematics and computational science. In the course 
of the week, a more detailed and comprehensive assessment emerged from at least 22 minisymposium and contributed presentations of tsunami-related 
work, including a three-part minisymposium, CSE Challenges in Earthquake and Tsunami Simulation. 

! ! !

Tsunamis are often well modeled by the two-dimensional shallow water equations, with source terms arising from the varying topography or 
bathymetry (underwater topography) over which the wave propagates. Although the equations are in only two space dimensions, the problem poses 
abundant algorithmic challenges (as summarized more completely in a article soon to appear in the 2011 issue of Acta Numerica [4]). One of the main 
difficulties is the inherently multiscale character of this phenomenon, with typical length scales ranging from thousands of kilometers (for the extent 
of an ocean basin) down to tens of meters (the resolution needed for accurate simulation of the general inundation behavior of a wave penetrating 
coastal regions).

To attempt a realistic assessment of a real event, a simulation method must bridge up to five orders of magnitude in each space and time dimension. 
Traditionally, this was achieved with distinct models for the different phases of the simulation, with clear separation of scales: A model for the initial 
source provided input data to the deep-ocean propagation model, which in turn provided data to a detailed (and very local) inundation model. Recently 
devised adaptive methods render this artificial separation unnecessary, without sacrificing the ability to perform the computations in a short time frame. 

Modeling and Simulating Tsunamis with an Eye 
to Hazard Mitigation

Figure 1. The Great Tohoku tsunami of March 11, 2011, nine hours after the earthquake. This 
computation was performed with the GeoClaw software [2,4], using high-resolution finite 
volume methods and adaptive mesh refinement on rectangular grid cells. Dark red indicates a 
sea surface displacement of about +10 cm, dark blue about –10 cm.

Figure 2. Surface displace-
ment at selected DART 
buoys in the Pacific, with 
measured data shown in red 
and results from a simu-
lation based on the earth-
quake source mechanism 
proposed by the UCSB seis-
mology group shown in blue 
[5].


