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NUMERICAL ANALYSIS FOR THE SHALLOW WATER EQUATIONS ON THE SPHERE
BY CIP METHOD

Seong Young Yoon, Soo Youn Kim, and Hyun Chul Kim

In this study, the shallow water equations on the sphere is simulated by the proposed method which has high
spatial resolution and is based on the CIP(Cubic Interpolated Pseudoparticle) method. The governing equations are
approximated on the longitude-latitudinal coordinate system. To avoid the problems resulting from the convergence of
the meridians toward high-latitude and singularities on the poles, the semi-Lagrangian and finite volume method are
employed. In addition, the CIP method is employed to solve the advection equations and is extended to apply on the
equations in the polar coordinate system. The mathematical formulation and numerical results are also described. To
verify the efficiency, accuracy and capability of proposed algorithm, the standard test cases proposed by Williamson
et. al are simulated and the results are compared with other results. As a result, it is found that the present
scheme gives a good properties in preserving shapes of solution and settles the pole problems in solving the

shallow water equations on the sphere.
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Fig.1 The distribution of variables on the Arakawa B
grid around the pole (The hollow circle denotes
the position of the # -variable)
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Fig.2 The comparison result for the rotating
cosine bell after one revolution for
a=0
(solid : numerical, dotted : analytic)

AgFu(), 0)
=), 0) o) BRe 242 A (18)2 Follh

u(A,0)=
v(A, ) =—ysinsino (18)

1y (cosfcosa+ sinf cosA sinar )

oyl ae T ATAL F F& Ave F AA T
go] A= F7 olFE 4L YERTH

2748 g4 h(A, 80) o] gk 271zh02A4 4 (19)9
Zolx A o] Hol7} Mol cosine belle] FAA7}
(Ae 6.) o AABHES BAsg

h(X,6)

[ ho/2 [L+cos(nr/R)]ifr<R (19
—{ 0 if r> R

o714

7= arccos|sinf,sind
+cod ,cohcos(A—A,)]

oltk
&7]A cosine bell2] FAYA( A, 0,)E Fig. 29} 72o]

(37/2,0) & AAskPa, 1 vre] A4 k& Williamson
o] AL33 Ax} YT Zg o]E3ls



A10A A23. 2005. 6 CIPH S HANAL AF Al F|4
Table. 1 The comparison of standard global errors g
(grid : 128x64, time step : 256) 5
ll LZ loo :.-g’
CISL-N[11} 0.051 0.035 0.032 2
CISL-M[11] 0.094 0.091 0.108 §
Present 0.046 0.032 0.026 =
E
2
FAAY oA 27 A% el A% 27000 Ax ' .6
. g Time,[Day]
cosine bello] HEE ulelr A 1§] Asle AL
stk o] d9ef HHL i7l°“ Fold @59 FH7F Fig 3 The height errors 4 (solid), J(dash), and [, (dash dot)
ATE 134 g F 2 g5 Feprt dui & FAE versus time during one rotation for & =0 ( time step

=7k AEshe Aotk

Fig. 2011 cosine bello] HEE mald A7E 12¢

B dhak Eobd dAzHE Skt WE FFE U
Ehd Aoloh g Pdez FAE Ao FMsloln

Aoz vehdl Aol A|sjAle] Aoltt. o] 1FelA
veld uvle} o] iAo} B AAAR A8 cosine
belle] F4lo] 2 dA3t glor Fadde] Exel o]
NE o2 FAZEHE v sl Add e ¢ F
Ak

Fig. JellAE £ Aol ZA#EA Williamsono] At

Foate] 129 B¢ WehE uehd o, Table 12
;FL—% eAg e A vig HA tme stp
25605 AT F ARG A& Naifll]9] AR Z3te}
Bl Zlo|ck.

Table. 1o]49} o] & A4ke] AAE Nair[l1]9] 23}
9} vliwste] BE CISL-N(no filter)3} CISL-M(+%filter)2)
A3 Brke HuA £ 478 dglck

Fig. 4= AAA 9 Ml w2 FFoKh)e) B2
Uehd Aok el Grid level 12 128x640 a3}
E Az A grid level 2+ grid level 164 A3 2
Asee] 200E Suigth oMy AXARSTE Yol
el ahtA EZO Ahe st et el 35 v
A Aashe A BolA & Sk o)AR olFF

ol¢le] & %° Hﬁc‘%‘% AHESIATL Akl g
HAE® 2] AEeg 7pA7] wgoln ol digt
7hdo] 7T

3.2 Global steady state nonlinear zonal geostrophic
flow(case 1I)

:3600)

-

5

E

)

°

Q

N

g

<)

4

10-37 | . . . .. ],
1 2 3 4
Grid level

Fig. 4 The dependence of errors norm 4 on the grid~~
refinement for the standard test case I
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Fig. 8 Zonal flow over an isolated mountain; height field after day
0, day 5, day 10, day 15(from upper to lower)
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0, day 5, day 10, day 15(from upper to lower)
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