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Abstract

Numerical solutions to the advection equations used for long-range transport air pollu-

tion models are calculated using three numerical methods; Antidiffusion correction meth-

od(Smolarkiewicz, 1983), Positive definite advecton scheme obtained by nonlinear

renormalization of the advective fluxes(Bott, 1989), and Positive definite pseudospectral

method (Bartnicki, 1989). Accuracy, numerical diffusion and computational time require-

ment are compared for two-dimensional transport calculations in a uniform rotational
flow field. The solutions from three methods are positive definite. Bartnicki(1989)’s meth-

od is most conservative but requires approximately 10 times as much computational time

as Smolarkiewicz(1983)’s method of which numerical diffusion is the largest. All three

methods are more conservative for a cone shape initial condition than for a rectangular

block initial condition with a steep gradient.
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Fig. 1. Initia] condition and numerical solutions after six full rotations(2400 iterations). (a) a cone shape initial con-
dition. (b} solution for the antidiffusion correction method-AC. (c) solution for Bott(1989)’s method-B89.
(d) solution for the positive definite pseudospectral method-PDPS.
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Fig. 2. Same as Fig. 1, but for (a) a retangular block shape initial condition.
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Fig. 3. Two dimensional representations for Fig. 1 and Fig. 2. (a)—(d) correspond to (a)—(d) at Fig. 1 and (e)—(h)
correspond to (a)—(d) at Fig. 2, respectively.
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Fig. 4. (a) mass conservation ratios, (b) mass distribution ratios, (¢c)maximum, and (d) average absolute errors for
a cone shape initial condition. (e)—(h) are same as (a)—(d) but for a block shape initial condition.
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Fig. 5. The relative computational time requirements
for three methods.
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