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ABSTRACT

The transport of a pollutant in regions of strong tide-induced currents is mainly
governed by a time dependent advection-diffusion problem. The nature of the problem
may alternate from diffusion dominated to advection dominated throughout a tidal
cycle, see, e.g., [2]. Standard numerical methods may not produce acceptable results
in a case when a problem is advection dominated [1].

We consider a 3-point, 2-level weighted scheme for a one-dimensional case of such a
problem. The accuracy of the scheme is analyzed by means of its modified equivalent
partial differential equation and its wave response properties [3]. A von Neumann
analysis is applied to assess the stability of the scheme. By combining these sta-
bility results with those obtained from the error analysis, we present an algorithm
which produces an optimal time-step as the strength of the advective process varies.
Theoretical findings are supported by numerical results.

References

[1] H.G. Roos, M. Stynes, and L. Tobiska, Robust numerical methods for sin-

gularly perturbed differential equations, 2nd ed., Springer Series in Computational
Mathematics, Vol. 24, Springer-Verlag, Berlin, 2008.

[2] Y. Wu, R. Falconer, and B. Lin, Modelling trace metal concentration dis-
tributions in estuarine waters, Estuarine, Coastal and Shelf Science 64 699-709,
(2005).

[3] R.F. Warming and B.J. Hyett, The modified equation approach to the sta-
bility and accuracy analysis of finite difference methods, J. Comput. Phys, 14 (2)
159-179, 1974.

1School of Mathematics, Statistics and Applied Mathematics,
National University of Ireland, Galway,
Ireland.
Naresh.Chadha@NUIGalway.ie, Niall.Madden@NUIGalway.ie

c©Abstracts of BAIL 2010
†Supported by Science Foundation Ireland under the Research Frontiers Programme, grant

08/RFP/CMS1205


