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Abstract The wind field is often represented by stream function and velocity potential in the meteorological commu-
nity. For a limited area, the finite-difference approach is used to calculate the stream function and velocity potential
from the wind field. But there are often large departures between the original and reconstructed wind fields caused
by the unsuitable boundary conditions.

The basic finite-difference method for Arakawa A- and D-grids is introduced and the comprehensive discussion
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about the problems in the previous methods is given. Then a new method is presented, whose unique features in-
clude (a) the linear extrapolation of the original wind field and the extension to the computation domain, (b) the
consistent finite-difference scheme, (c¢) the accurate calculations of non-divergent wind, irrotational wind and solu-
tion-determining condition of velocity potential at the boundary, and (d) the suitable grid distribution of variables.
The correctness of the new method is proved mathematically. The new method can be also used for all other Araka-
wa grids. The results of experiments using the real data show the maximum magnitude of departures between the o-
riginal and reconstructed wind fields is only 107" m/s, which is produced by the round-off error of the computer.

The longstanding problem on accurate solution of the stream function and velocity potential from the wind field

in a limited area by using the finite-difference approach, is perfectly solved in the present study.
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Fig. 2 Four sub-domains divisions for four kinds of domains: The grid numbers are (a) both odd, (b) both even, (¢) odd at the latitudinal

direction and even at the longitudinal direction, (d) opposite to (c)
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Fig. 4 Stream function and velocity potential at 1200 UTC 20 Jul 2003 at 500 hPa (units: 10 m?/s): (a) ¥ for Arakawa A grid; (b) X for
Arakawa A grid; (¢) ¥ for Arakawa D grid; (d) X for Arakawa D grid
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Table 1
from the original and reconstructed wind fields at 1200 UTC
20 Jul 2003 at 500 hPa (units: s™')

The maximum absolute departures of ¢ and 7 fields

S-S S 1IN B 7 R i 25
Arakawa A 4,2X10718 5.5X10718
Arakawa B/E 6. 7X1018 1.1X10 18
Arakawa C 1.3X10 V7 4,1X10°18
Arakawa D 1. 1X10717 5.0X10718

&2 200347 A 20 H 1200 UTC 500 hPa Mt &5 H
[S7/(2)1— 21 (2 BGBaiRE ($h: m/s)

Table 2 The absolute error of [12\11 Xi(2)]—X1(2) at 1200
UTC 20 Jul 2003 at 500 hPa (units: m?/s)
P A B2
Arakawa A I 2X10°°
11
111
v
Arakawa B/E I

11
111
v

9X106
1X10°6
8X10°6
1X106
6106
1X1076
7X10°6
L5X1076
.3X107°

Arakawa C
Arakawa D

[ IS C N S S S R SR G R SR G R o)

%3 200347 A 20 H 1200 UTC 500 hPa 4G+ BB
O o A% 77 R B 3 XL 37 5 40 4R XU 37 (8] B iR K 4 X R =
(Bfii: m/s)

Table 3 The maximum absolute departures between the origi-
nal and reconstructed wind fields for four kinds of Arakawa
grids at 1200 UTC 20 Jul 2003 at 500 hPa (units; m/s)

S-S u Sy I R A 2 o G R A 2
Arakawa A 5.0X10713 5.5X10718
Arakawa B/E 5.8X10°13 5.3X10718
Arakawa C 1.9X10712 2.2X10712
Arakawa D 1.9X10 12 2.2X10712

4.2 HRSEITHAE

A ESZFE B GRAPES % {8 14t
Z%: 2007 4F 7 A 1~10 H 0000 UTC 7= s A
XIRFEER (15, 0°N~64. 2°N, 70. 0°E~144. 4°E) ,
A3 HE R R 0. 6°(ZREE) X0, 6°(ZEBE) [ 850 hPa,
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® 4 REIENKEE Poisson TR Y . VHEE, XF 2003 £ 7 A 20 H 1200 UTC 500 hPa M+ E 5351 4 A~Figa) 6 ¥ FEA

XA us vl G pEEREN (E2HAMER 1~3)

Table 4 The influence of given ¥/, ¥ precision in solving Poisson equation on the computational precision of § X in the four sub-
domains, and u, v, {, » in the domain at 1200 UTC 20 Jul 2003 at 500 hPa (units are same as Tables 1 - 3)

"4 S X1 S X2 S Xs S X1 u v ¢ 7
1.0X10! 5.6X10! 5.5X10! 5.5X10! 5.5X10! 7.7X1076 5.8X1076 4, 7X10712 7.9X1011
1.0X10"2 5.5X10° 5.5X10° 5.5X10° 5.5X10° 7.6X1077 5.8X1077 4,6X1071 7.9X10712
1.0X107% 5.6X1071 5.5X1071 5.5X1071 5.5X1071 7.7X1078 5.8X1078 4, 7X10714 8.0X10718
1.0X10 4 5.5X102 5.5X102 5.5X10°2 5.5X10°2 7.6X10°° 5.8X10°7 4,6X10° 1 7.9X10 14
1.0X107° 5.6X1073 5.5X1073 5.5X1073 5.5X1073 7.7X10710 5.8X10710 4, 7X10716 8.0X1071
1.0X1076 5.5X107* 5.5X10* 5.5X1074 5.5X1074 7.6X1071 5.9X 1071 4, 7X10717 8.0X10716
1.0X1077 5.3X107° 5.3X107° 5.2X107° 5.2X107° 7.3X1012 5.7X1012 8.9X10 18 7.6X10717
1.0X10"8 2.2X10°°6 2.9X10°6 2.1X10°6 2.8X10°6 5.0X10°18 5.5X10718 4,2X10°18 5.5X1018
1.0X1077 2.9X10°7 3.3X1077 4. 4X1077 3.4X1077 5.3X10718 6.5X10"13 1. 1X10°17 3.2X10718

RS5 2007 £7 A 1~10 H 0000 UTC 10 REFRHERBNEE {70 v o FRRKREIHRES T
Table 5 The maximum absolute departures and their mean values of {, », «, and v fields at 0000 UTC from the original and
reconstructed wind fields at 0000 UTC for 1 - 10 Jul 2007 at 850, 500, and 200 hPa (units are same as Tables 1 and 3)

C BRI X 22 /4

7 BB e X 22 /-~

SIS 850 hPa 500 hPa 200 hPa 850 hPa 500 hPa 200 hPa
A 1.3X10717/ 2.8X10717/ 7.7X10717/ 8.0X10718/ 8.4X10718/ 1.9X10717/
9.7X10718 2.0X10717 4,8X10717 5.8X10718 6.7X10718 1.4 X101
B/E 2.0X10717/ 2.2X10717/ 7.9X10717/ 9.0X10718/ 1.6X10717/ 3.7X10717/
1.2X107"7 1.8X1071 4.8X10717 7.0X10718 1.2X1071 2.5X10717
C 2.4X10717/ 4.0X10717/ 8.6x10717/ 1.2X10717/ 1.5X10717/ 2.5X10717/
1.7X107" 3.2X10717 7.0X10717 7.4X10718 5.6X10718 1.4X1071
D 2.5X10717/ 4. 1X10717/ 8. 1X10717/ 1.5X10717/ 1.1X10717/ 1.9X10717/
1.7X107" 3.1x1071 6.2X1017 7.9X10718 4.8X10718 1.2X1071

u B R L X 22/ F A {E

o IR Y X i 22 /- 24 1B

S 850 hPa 500 hPa 200 hPa 850 hPa 500 hPa 200 hPa

A 1.5X107 12/ 1.3X10712/ 2.9X1012/ 9.2X10713/ 1.2X10712/ 3.0X10712/
8.8X107 1 1.0X10712 2.2X10712 6.7X10718 9.1X10718 2.0X10712

B/E 1.3X10712/ 1.6X10712/ 4.1x10712/ 8. 1x10718/ 1.5X10712/ 2.6xX10712/
8.5X107 1 1.2X1012 3.1X1012 6.6x10"1° 1.0X10" 12 2.0X10"12

C 3.0X10712/ 3.4X10712/ 5.1x10712/ 2.8X10712/ 3.5X10712/ 4.1Xx10712/
2.1X1012 2.6X10"12 3.8X1012 2.3X10"12 2.8X10°12 2.6X10"12

D 2.6X10712/ 2.6X10712/ 2.7X10712/ 2.9Xx10712/ 3.3X10712/ 3.4X10712/
2.0X10712 2.1X10712 2.2X10712 2.3X10712 2.7X10712 2.4X10712

500 hPa #1200 hPa [ uo . v, ¥k, KA LA~
B AR [ 9 07 12 . X DUl Arakawa [ 4% 7 8 1Y
HRASREAT B ARCR G A IR AR i 25
Ao HAEIETE 4 —5 £ 5 45 A SR 10

K G nbfu o o G ECRA S 22 DL ik
HXHR2ERY 10 TP, 435035 1077 s R 10 " m/s
LA B PR S R 1, 3R 3 Won, Giil i gt
— BB UET TR A )5 58 TR B AR
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