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Discontinuous Grids and Time-Step Finite-Difference Method

for Simulation of Seismic Wave Propagation
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ABSTRACT

We have developed a locally variable time-step scheme matching with discontinuous grids in the
finite-difference method for the efficient simulation of seismic wave propagation. The first-order
velocity-stress formulations are used to obtain the spatial derivatives using finite-difference operators on
a staggered grid. A three-times coarser grid in the high-velocity region compared with the grid in the
low-velocity region is used to avoid spatial oversampling. Temporai steps corresponding to the spatial
sampling ratio between both regions are determined based on proper stability criteria. The wavefield in
the margin of the region with smaller time-step are linearly interpolated in time using the values
calculated in the region with larger one. The accuracy of the proposed scheme is tested through
comparisons with analytic solutions and conventional finite-difference scheme with constant grid spacing
and time step. The use of the locally variable time-step scheme with discontinuous grids results in
remarkable saving of the computation time and memory requirement with dependency of the efficiency
on the simulation model. This implies that ground motion for a realistic velocity structures including
near-surface sediments can be modeled to high frequency (several Hz) without requiring severe

computer memory.
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A: Fine Grid-Step (Ah) B: Coarse Grid-Step (3Ah) A -B(x10)
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