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Abstract

A filtering time integration scheme has been developed and tested for use in
atmospheric models. The method uses a modified Laplace transform (LT) and
is designed to eliminate spurious high frequency components while faithfully
simulating low frequency modes. For numerical testing, the scheme was im-
plemented in two spectral shallow water models; an Eulerian model and one
using a semi-Lagrangian approach. The models were tested against reference
semi-implicit methods using standard test cases and performed competitively
in terms of accuracy and efficiency. Like semi-implicit schemes, the LT method
has attractive stability properties. In particular, the semi-Lagrangian LT dis-
cretisation permits simulations with long timesteps, exceeding the CFL cutoff of
Eulerian models. There are a number of additional benefits. The LT scheme has
been shown, both analytically and numerically, to simulate accurately the phase
speed of gravity waves. This is in contrast to semi-implicit methods which main-
tain stability by slowing down faster waves. In addition, the semi-Lagrangian
LT method has advantages in the treatment of orography. Semi-Lagrangian
semi-implicit discretisations have been shown to generate a spurious resonance
where there is flow over a mountain at high Courant number. It is demonstrated
here that the LT discretisation does not suffer from this problem.
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