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Development of global atmospheric simulation code using spherical helix

Enomoto, Takeshi
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In the atmospheric general circulation models, the ?overning partial
differential equations are discretized on the sphere. In this study, a novel numerical method is
developed using a spherical helix that allows to distribute many points evenly on the sphere.
Spherical helix nodes are obtained by connecting the Poles with a single curve and by equating the
interval and pitch. Spherical helix nodes are found to achieve more uniform distribution than
minimum energy or icosahedral nodes. In addition, a shallow water model using the radial basis
functions are constructed and evaluated with the standard test cases to reveal advantages of
spherical helix nodes.



21

J. J. Thomson
Tammes
1)
ME, 1la
Wright (2016) sphrepts
1b NICAM (NI, Iga 2015)
SH, 1c Bauer (2000)
b) NICAM

(2)

RBF RBF

RBF
(2)
Flyer and Wright (2009)

3)

Williamson et al. (1992)

Bauer, R., 2000: Distribution of points on a sphere with application to star catalogs," J. Guid.
Control Dyn., 23, 130-137.

Flyer, N. and G. B. Wright, 2009: A radial basis function method for the shallow water
equation on a sphere. Proc. Roy. Soc. A., 465, 1949-1976.

Iga, S., 2015: Smooth, seamless, and structured grid generation with flexibility in resolution
distribution on a sphere based on conformal mapping and the spring dynamics method.



J. Comput. Phys.,

297, 381-406.

Willamson, D. L. J. J. Hack, R. Jakob, and P. N. Swarztrauber, 1992: A standard test set for
numerical approximations to the shallow water equations in spherical geometry. J.
Comput. Phys., 102, 211-224.

Wright, G, 2016: https://github.com/gradywright/spherepts, 2019/6/10

@
ME
NI
12 SH 3
(2) 1e-9 h error
Williamson et al. (1992)
Case 2 3 5
Case 5, 6, 7 4
Rossby-Haurwitz 500 hPa %34
NI 2562 :
At case 2, 3,5 24 6 g,
7 15 case 5, 6, 7
2 Case 2 o
SH 0 24 48 . 72 96 120
NI ME tme
2 Case 2 £,
1 2 7 SH
3, 5,6 NI 5,6,7
ME, NI, SH
2562
case 2 3 5 6 7
ME 5.39e-9 1.62e-8 7.89e-4 6.81e-3 5.54e-3
NI 2.15e-9 3.35e-9 7.67e-4 6.05e-3 4.44e-3
SH 7.91e-10 6.79e-9 7.82e-4 8.01e-3 4.04e-3
1 ?,
2562
SH ME NI
ME NI NI
SH
6
1. ,2018: , 61B,
366-371.
2. ,2018: RBF
2018 , ISSN2433-2666, 4pp.
3. ,2018: 29
, 50-54.
4, , 2017: 64, 189-191.
5. , 2016: ,59B, 153—
158.

6. Enomoto, T., 2015: Comparison of computational methods of associated Legendre
functions. SOLA, , 144-149, doi:10.2151/sola.2015-033.




10.
11.
12.

13.

¢y

@

13
Enomoto, T., Application of spherical helix nodes to a shallow-water model using radial
basis functions. Workshop on partial differential equations on the sphere 2019, 2019/5/1
Enomoto, T., RAHOTS: Radial Basis Functions Along Helix On The Sphere, 4th
International Joint Workshop on Computationally- Intensive Modeling of the Climate
System and 9th OFES International Workshop, 2019/2/28

, RBF

2018, 2018/9/3

, M-G128
, 2018 , 2018/5/23
, RBF . 2018
, 2018/5/19
29
, 2018/2/21
, 2017/11/20
RBF , 2017
2017/10/30
0s4
64 2017/8/23
2016 , 2016/5/23
2016 , 2016/3/15
, (D170).,
2015 , 2015/10/28

Enomoto, T., Error characteristics of Legendre polynomials computed with the Fourier-
Legendre method. Workshop on Partial Differential Equations on the sphere 2015,
2015/10/21

27 https://www._dpac.dpri.kyoto-
u.ac-jp/2015/04/01/spherical-helix.html

2016
https://ww._dpac.dpri.kyoto-u.ac.jp/2016/10/19/uji-opencampus-2016.html



