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Numerical techniques of tsunami simulation with source fault plane data and moving boundaries

on triangular mesh
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The interest in tsunamis arises from the history of past events and effects to the environmental. Researchers learn to achieve a better understanding
of tsunami events from data, in conjunction with theories and models intended to predict the future events and to prepare for a better
countermeasure. Tsunamis are natural phenomena that have strong effects. Major tsunamis brought serious and widespread damages affecting
human lives and causing environment destructions. A tsunami is generated by an earthquake or some other disturbances Moreover, it occurred
suddenly without warning. For the aim of generating better predictions and disaster countermeasures for future tsunami disasters, simulation of
tsunami generations and propagations are crucial. The numerical study of tsunami propagation, through the analysis of the shallow water equations,
provide the outcomes which contain information about tsunami characteristics and effects. Those outcomes should contribute to the establishment
of early warning systems for tsunami disaster countermeasures.

To investigate tsunami phenomenon, nonlinear shallow water equations, i.e. a system of partial differential equations consisting of momentum
equations and the continuity equations were utilized. A system of ordinary differential equations was obtained by reducing the system of partial
differential equations with spatial discretization over a triangular mesh. Ordinary differential equations (ODE) solvers were applied to the resultant
system of the ordinary differential equations, in conjunction with a moving boundary technique. In particular, the fourth order
Adams-Bashforth-Moulton predictor-corrector in PECE mode in conjunction with the Runge-Kutta method was employed. Numerical technigues,
specifically water elevation, were tested with the exact solutions of a moving boundary shallow water equations. In the simulation, what is called,
wet and dry scheme was applied at each time step. The application of the wet and dry scheme requires changing conditions on both nodes and
elements. The exact solutions of the two-dimensional nonlinear shallow water equations for flow above parabolic bottom topography were
available. The comparison between both solutions, the exact solution and a numerical solution, was considered. An acceptable agreement between
the exact solution and the numerical solution resultant was shown for the first 800 seconds. The numerical results for the water surface elevation
started to increase enormously around the water surface boundaries and became uncontrollable.

The Mentawai 2010 tsunami and the Indian Ocean 2004 tsunami were simulated. The bathymetry data were obtained from the British
Oceanographic Data Centre (BODC), General Bathymetric Chart of the Oceans (GEBCO) One Minute Grid (GRIDONE). The data, which
originally provided in terms of longitude, latitude, and depth, were transformed into projected coordinates by Gauss-Kruger projection. The initial
water surface displacement based on source planes generated by other authors was set. Nine parameters concerning the source fault planes were
longitude, latitude, length, width, depth, strike angle, rake angle, dip angle, and slip amount distribution. Our numerical study will hopefully

contribute to the establishment of a tsunami early warning system.
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