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Abstract The preconditioning JENK (Jacobian — Free Newton — Krylov) method and its application in weather
equations are studied to improve the computation speed in solving weather equations numerically. This method is
based on the fully implicit discrete difference equations. It is a fast algorithm by the combination of the Newton ite-
ration and the Krylov iteration. Its advantage is that the formation and storage of the Jacobian matrix in the outer
Newton iteration is avoided. Its effectiveness depends on the preconditioning method to the Krylov inner loop. First-
ly, the JENK algorithm is introduced, and then an example about shallow water equations was given. The formation
of nonlinear residuals, the construction of preconditioning matrix, and its application to JENK are described in the
example. It is shown that the computation speed of the JENK algorithm can be greatly improved by a proper precon-
ditioning for the linear system in the inner loop. Therefore, the algorithm is potential in the application of weather
equations,
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Table 1 Comparison of averaged Krylov iterative number per
time step and the total CPU time with and without precondi-
tion when the total number of the time steps is fixed as N=320

HiLL L B
TR BCPU PR B CPU

Mo WM mEs WK el /5
50 5 0. 891000 2 0. 875000
100 5 1. 188000 2 1. 172000
200 5 2. 859000 2 2. 406000
400 6 4. 375000 2 3..000000
800 13 13. 93800 3 7. 578000

% 2 O B [ RS E ) M= 400 IiF, B
RS B B (N R, AL B i IS S35 4
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k2 TESHEEAND M=400, FLERFEHESRE
# Krylov % % #7029 CPU Bt ial # b 4%

Table 2 Comparison of averaged Krylov iterative number per
spacial step and the total CPU time with and without precon-
dition when the total number of the time steps is fixed as M=400

AL B Bk 31
PHER  BCPU PHER B CPU
N TS 1L/
100 36 4. 453000 3 1. 125000
160 15 3. 531000 2 1. 625000
220 9 3. 594000 2 2. 266000
280 7 3. 985000 2 2. 891000
300 7 4. 219000 2 3. 234000

R T IR AT SR FH A AL B kAR 1k 2 A
FasE . FRATH B 2 [R5 g i I i o T WAk
FEAT 5 B GMRES 3% AR R B0HIR fif BT 75 6 1Y
CPU Bf[a], & 3 B . P34 4Eat a5 1 kAR
HRRE 2R 0 R 1 RS AT U D, T AL B ASCR AT
e

x3 LHETKMZETRKU—EILERD (B < &
FALE) B, BAERGETEHERES Krylov iR EH
B CPU B iE) iy b 8

Table 3 Comparison of averaged Krylov iterative number per
time step and the total CPU time with and without precondi-
tion when both the time step length and the spacial step length
are reduced according as a certain ratio (i. e. r keeps a con-
stant)

A ik B Bk
A THER MCPU TR CPU
MXN) % wESWH /s
5020 30 0. 094000 3 0. 047000
10040 25 0. 313000 3 0. 125000
20080 19 1. 188000 3 0. 563000
400X160 15 3. 547000 3 1. 641000
800X 320 13 13. 969000 3 7. 609000

I N R L < i1 3 B R P R L
BERFII I 2 43 e BRI B 5 3 (LA

MR, Sk T FH (9 MEE RIS
s P TR (D 1.

Bl 2 ik AR SI0R 22 1 X 405 - 1 g i [
HRBRKB KR, BRI T #iAb# JFNK
FEE RS, B 2 hiE RS iE L T
AEBERTI S, WEDE R E M RATTE . A
AU SR 22 18 b, 3 BT [E) 224K 1 Krylov
WACUEGR S, Mg WA s (LA 2
WA DB L), P ER R B Krylov %
ARURE 8 i W AE T 221

2.5x107

2.0x107}

1.5x107}

1.0x107}

Truncation error

0.5x107}

2 3 4 5 6 7 8§ 9 10
Number of At/Ax halvings

1 For B TS EErR 22 R

Fig. 1 The relation between the partition factor and the trunca-

tion error

30

* Without precondition
o With precondition
251

20

Krylov iterative number
O

10 ¢
5 -
K
0
—-10 —9 —8 =7 —6 =5 —4 -3

Logaritym of iterative convergence error

K2 M=400, N=160 i, EAQUCEER2E M XS5 -3 45
P2 AN/ € GBS

Fig. 2 The relation between the logarithm of the iterative con-
vergence error and the averaged iterative number per time step

when M=400, N=160
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