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Table 1 difference schemes with different accuracy under staggered and unstaggered grid
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Fig.1 Contours of the (nondimensional) frequency as a function of the (nondimensional)
horizontal wave numbers for the differential shallow water equation
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Fig.2 Spatial distributions of dependent variables for shallow water equation: (a) A grid; (b)B grid
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Table.2 Frequency of finite difference grid A and C with different accuracy
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Test of nonstaggered grid under high order finite difference

scheme: based on shallow water equation

Xu Daosheng, Chen Dehui, Wu Kaixin

Guangzhou Institute of Tropical and Marine Meteorology/ Key Laboratory of Regional Numerical Weather
Prediction.Guangzhou,510640,China

Abstract:  Although the nonstaggered grid has better physical consistency than staggered grid, it
is still not widely used mainly because its poor accuracy for simulating the geostrophic adjustment
process under 2" order accuracy difference scheme. However, weather this conclusion remains
valid under higher order finite difference scheme is still unknown. In this paper we conduct
theoretical analysis and numerical test for shallow water equation under high order difference
schemes, it is found that: (1) for low wave number, the dispersion of staggered grid does not
change with the accuracy of difference scheme, while the dispersion of unstaggered grid is
improved obviously, and the dispersion of both grid get very close under 4™ order scheme. (2) the
maximum frequency of unstaggered grid still exist under high order difference scheme, and it
move towards higher wave number as the accuracy of difference scheme get higher. The
frequency of staggered grid is monotonically increasing with wavenumber and gets more close to



real solution under high order difference scheme. (3) when the high frequency noise was removed
with explicitly adding a diffusion term, the pros and cops to grid staggering choices diminish with
high-order schemes. In general, the unstaggered grid is an attractive choose for the discretization
of the dynamical frame in numerical model under high-order difference scheme.

Key words: nonstaggered grid, high order accuracy, finite difference, shallow water equation



