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A Shallow-Water Model on Spherical Helix Nodes Using Radial Basis Functions

R A

Takeshi ENOMOTO

Synopsis

A shallow-water model on the sphere on spherical helix nodes has been developed
using radial basis functions. A simple non-iterative algorithm is available to generate
quasi-uniform nodes along a spherical helix on the sphere. The proposed model is
verified with the experiments for steady state nonlinear geostrophic flows and for the
zonal flow over an isolated mountain from the standard test suite. The model on the
spherical helix nodes is found to be as accurate as that on the minimum energy nodes
used in the previous studies. In the steady-state tests, the spherical helix model often
outperformed the minimum energy model. In the more realistic test cases, the
differences are obscure. The shallow-water model using radial basis functions on
spherical helix nodes is a viable approach because of efficient node generation and

spectral accuracy.
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Fig. 1 Spherical helix nodes n = 529
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Fig. 2 (a) Piecewise smooth RBFs (b) Infinitely
smooth RBFs with ¢ =1
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Fig. 3 Gaussian RBF with € =1,2,4,8
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Fig. 4 Schematic illustration of 2D RBF interpolation
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Table 1 Relative error £, norm of height in
the steady state experiments (case 2 and 3) for
n = 1849 at the end of integration (120 h).
ME and SH signify minimum energy and
spherical helix, respectively.

case node € £, x 1078
2 ME 0.421
2 SH 4 0.199
3 ME 3.25 4.97
3 SH 3 2.97
(a)
1e-9 h error
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Fig. 5 Relative error ¢, norm of height in the steady
state experiments (case 2 and 3) for n = 1849.
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Fig. 6 Distribution of elative error £, norm of
height in the zonal flow over an isolated mountain
(case 5) for n = 1849 using spherical helix nodes
(SH). Panels (a)-(d) show error at t = 0, 5, 10,
and 15 days, respectively.
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