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[5.6]
s . Rivest [7] n+1l,n
n-1 >
du _
ot = F M)
(u(t+ At) - u(t- At))/2At = F(b) (2)
(2) :
u(t+ At) = u(t- At) + 2AtF(¢t)
= qu(t) + a,u(t- At) + GAtF(t) + 0., AtF(t - At) 3)
00:0,0_1:1,60:2,6_1:00 (2) ’ ,
a =0 g.,=0, u(t) F(t- At)
u(t+ At) . , u(t+ At)
t - At U F
(3) /
u(t+ At) = qu(t) + a,u(t- At) + o+ a ,u(t- pAt) + GALF(E) + -
+ 0 ,AtF(t - pAt) = i‘,aqu(t+ iAt) + i@AtF(t+ iAt) (4
i=0 i=0
(4) p (p22) . ,
a b . u , F
,(4) . (4)

(8]
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ECM WF( )
ECMWF o1

x(t+ At) = x(t- At) - 2AH(A(t) + S(t - At)) (5)

A, S . 3 p=p+2=3,x(t) t
x(t) = x(t) + a(x(t- At) - 2x(t) + x(t+ At)) (6)

X(t- A) = x(t- At) + a(x(t- 2AF) - 2x(t - At) + x(1)) (7)

(5) ~ (7) . (5)  x(t+At) x(f- 2AF) a

,a=0.06, x(t-2At)

St AE L E- AEE- 2AF, -,

pAt p>2
2
(4) a 0
[5]
0% p(x, At =1,
at i(x/ ’ ) 1= ]
j X; i A
x, F(x,A4,t) x A (8) X
, X r t . B(r,t)
(8) ¢t t

[, a0 itar=] anrcnar
r ,B(r,t) r . )
! dx f ,
J, o0 53T= a2 - syt - [ w0 F(Da7
F(D=apD/0T. (10)
S LIRSV C R

x"(tg) = x(ty) to<t,<t. (10) (1) 9)

(&)

9)

(10)

(1)



210 13

w0 = B xryy + FO S E ) ] naT a2
(12) , ro, to to X
[ to, 1] 4
ti,i=-p,- ptl, . to,t (10) ,

t 1 ffpi»z 4 t
[ e fqare] Wan Pare o anar={ anEnar a3
p B(t) X(ti;,i:- p+1,- p+2,--~,0, '

0 t
B x(8) - Bt ) x(E )~ 2 (A(ta) - A(E)) X" (E) j HDF(DAT=0

i=-p

(14)
- 7 p 4
p=0, tot, (14) 12), 0 . p=1,
t,ty t.,, (14
Alt)y x(t) - Bty x(ty) - (p(ty) - p(t)) x"(t.y) -
t
(A1) - ﬁ(to))xm(to)-J.t ADF(DAT=0 (15)
1s5) 1
du  ou _
at+ Cax—O (16)
d u du _
ot = Cox=F an
X ,C o r ’ (14)
AL DU, = Gt ) uli )+ DA b)) = G ] u" (ot -
d, ai.n*iDar (18)
(14) , t u(t) p F(t) p
(14) , A(t) p+l p+tl F
[5/610
3
g =m0t g =B ),
u’}”Eu(j,t), u’}HEu(jJFl/f),-"

u=- CAat/ Ax
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n- p n+1 , , P (17)
u;;l_+1 = a ”n P4 Za(urHl m Z(@H?ﬁi- aurwz) (19)
i=- r i= -p
a_p - 37_ p/‘éf{+1 a = (‘E}HH] _ .B;‘Hi)/ﬁ}ﬂ
6;' - ]Jﬂn /Zﬂ“—l _ — ‘uﬂfwz/zﬂrHl
p=1, 8" =4=4"=1,811=41=0,40=4.1=2,411=41=0
(19)
Wit = e e - uy) (20)
for, a, 0,6 (ui'h"
A= d= = d=1, Bl= gil= gl=e
(uf )" = (uj+ uy /2, (u) " = (uT o+ u)/2
19)
u’}” = qui + q u'}" + Qo (uj - uiy) + 61(u]+1 - u’}_‘,l) (21)
aoz(l‘ 6)/2101:(14_6)/2/}1:_ CAt/AXreozu/zfglzeog
e=1,
uith = ! +f(u?+1 -l o+l - ) (22)
Grank- Nicolson
e=1/2,
n+l  _ 1 n+l n71+ﬂ n n +# n-1 23
i = 4 4 4 Ui 2(”j+1 - uj) (”]+1 - uil) (23)
, ! wi  uiil ol
e=0,
n+1 1 n+17 n-1 +ﬂ
i = 5 U 5 Ui 2(”/+1' i)
e= -1,
Wit = - wl) - (e - )] (24)
(21) (24) , ,
, (20) | wAt] <1, | @At >1,
. (21)

, (21) (20)
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, (21) (20) n n-1
u?ZuheikAxl (25)
i= /-1 ,l:j- 1,j,j+1 ,h=n-1,n,n+1.
(25) (21),
W™ = aqu" + au' + pdsin(kax) u™' + psin(kax) u” (26)
sin(kAax) = (e™ - e ***) /21, ,
w4 B €viont)yu - ( ; £ icontyu™ = 0
w= - isin(kAx) \ G W= Gu" L u" = Gut = GPut?,
(26) , G
G+ BG+ D=0 (27)
B=-((1- &/2+i0At),D=- ((1 + &/2+ icwat), (27)
11- € .
G = 2( , iwAt + A) (28a)
G = (AL ient . A (281)
20 2
A={[(B+ &’ - 4 F A’ /4+ i0At(l +3 877, G=1. (28)
lim G, =1
At=0
lim G =| - (1+8/2 <1, -3<e&<l
At=0
| G =1, (28a) , (28b) . uf
=Glu ,ui=Guj,
u" = aGlu) + bGEud (29)
, uy uS,a b . (29)
W = aud + bud
W' = aG ud + G, ud
(29)
n 17 n n
u' = [ GI(u' - Gu’) - Gi(u' - G u')] (30)
G - G
1) WAt=0, -3<é&<l, G =1,)G)| =|-0+8/2 <1,

(2)  @AtZ0, Im(A)=0, (1+38=0,e=-1/3.
A={[B+ 8- 4FA2]/4+ iort(l +38172 =[16/9 - Fat?]!/?
(a) A>0, | oat] <4/3,
G = (1+2 /H/3+ wat/2

G = (1-2 /JH/3+ oat/2
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H=(1-9 &At*/16) . J G| <1, G <1,
6 = arc tg[3 @At/ (2 + 4 ./ H)]
6 = arc tg[3 @At/ (2 - 4 JH)]

u" = ue™ + yle®
(b) A=0, | wAt] =4/3

1 1 . 4

G1 = GZ_? +zlwAt Q)Atzg
1 1 . 4

GIZGZZ?-ElwAt Q)At:-g

| G| <1 G <1
6 = arc tg(3 @Aat)/2, 0 = arc tg(- 3 @At)/2
u" = u?einﬁ] + ugein(iﬂ_ﬁl)

(¢c) A<0, | @rt] >4/3,

1 . WAt 2
G =5 +i(—H +, J H|)
3 2 3
1 . WAt 2
G =—,+i(— -5 Jl H|)
3 2 3
oAt >4/3 | G| >1; WAt < - 4/3 | Gy >1,

7

6 = arctgl3C 2+ 2 H)

2 3
2 HD)

6, = arc tg[S(%t - 3

u" = we™ 4+ yle™

(21) , 4At
(3) E=B+8%/4- FAt ,F= wat(l +3 8,
JE+ iF= X+ 1Y

(34) ,
X - Y= E
2XY = F
(35)

X=iJ(E+ JE> + ) /2
Y=iJ(- E+ JE*+ F)/2

(a) E 20

G=0-98/4+ X/2+i(@At+ Y)/2

7

(21)

(1)

(32)

(33)

(34)

(35a)
(35b)



Go=(l- 8/4- X/2+i(@rt- Y)/2

| & <1, E20, | oat] B+ 89/2
x:J_rJ(E+ |E*+ F*)/2,Y=F/2 X,
e=-1, | wat] <1
E=-0.6, | wAt] <1.2
(36)
eE=0, | wAat] <1.5
=1, | @Aat| < 2
1.5
0,50

WAL
ol
al

—0.50+1
-1.%0 T LI ™1 T =TT
-1.00 —-0.50 0.00 0.50 1.00 T I T 1
€ ~-1.00 ~0.50 0.00 0.50 1.00
£
1 I 1T .10
( WAt e w 2 €20,E=(3+ 8%/4- (wAt)?
& (21) ) ( 1)
1.40 L0 1
L (%, ]
1 *
g 1.20 8 ]
' 1.20 -
1.00 LML LA A M D I S B L AR S A B SN S | 1.00 TrrTTYTTTTTY T T T T T v

—-1.00 —0.30 —0.60 —0.40 —0.20 -1.00 —0.80 —0.60 —0.40 —0.20
£ £
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(36) 1 ,
| (36) . | Gil
LGyl < 2
EE[ -1,-0.269754] | wat| <
B+8/2, | G| <1,| G| <1,
(21) ; €E[-0.269754,-0.8
1800] | @wAt| <I1.415, | G| <1, G,
| <1, (21) ;: eE[-0.
180011 | @at] <0.10, | G| <1,
Gl <I, (21) ,
(b) E<O .
| wAt] >3+ 8/2, —-1.00 —0.50 0.00 0.50 1.00
. .
Y=[(- E+ JE*+ F*)/2]'”?
X= F/2Y 4 1 I I
(I, I 3 )
1 11 1.
| G| I | G < , 3 . 3
, 4
5
4, (17) :
u(x,t+ At) = qqu(x,t- At) + qqu(x,t) + Gu(x+ Ax,t- At) -
Gu(x- Ax,t- M)+ Qu(x+ Ax,t) - Gu(x- Ax,t) (37)
ao=1/al=0/66=790=0/61=701=1«1° 7 (37)
(20) . a=0=60-=0, t - At
, 3 , t t- At , (21)
7 aO/al /90 Hl ﬁ(?’,t) 7
u(x,t) = asin( @x - &) (38)
w=2N/L,,L, = 3600 km,0=2n/T,T=5d=5x24h,x;, = iAx,
Ax =300 km,t;= TAt, At =1h,0= @c,a =10 m/s, ¢c = 8.3 m/s
120 h

(38) X , U t ,

7
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, . (38) x =1800,2000 ,2400 km .
48 h , p=1. (20) (21) . :
10 min, 1 h. 120 48 .
x=1800 km, s
Wi =0.6839uf +0 3161« - 0.0480 (ufy - ul ) - 0.0177( w5l - Wil)  (39)
1 (LB (RT)
(km)
2400 2000 1800
LF 0.951 0.945 0.898 0.931
(R RT 0.994 0.987 0.992 0.991
LF 21 .04 5.029 9.754 11.94
( RMSE) RT 2.707 2.681 2.435 2.608
1 . (LF)
(RT) (38)
( Ry.o1 =0.37) , RT LF , RT ( RMSE)
LF . 5 (11.94/2.608 = 4.6), x=2000km 2 .
RT . , RT 1 h,
LF 6 LF .
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A NEWSCHEME FOR I MPROVING THE ACCURACY OF NUMERICAL
PREDITION —RETROSPECTIVE TI ME INTEGRATION SCHE ME

Feng Guolin
( Mathe matics and Physics CDllEge‘, Yangzhou University, Yzmgzhou 225009)
Cao Hongxing Gu Xiangian
( Chinese Academy of Meteorological Sciences , Beijing 100081)
Chou Jifan
(CMA Training Center, Bei]‘ing 100081)

Abstract

To put more information into a difference sche me of a differential equation for making
an accurate prediction, a new kind of time integration scheme , known as the retrospective
scheme , is proposed on the basis of the me morial dynamics. Stability criteria of the sche me
of an advection equation in certain conditions are derived mathe matically . The computations
for the advection equation have been conducted with its retrospective scheme. It is shown
that the accuracy of the sche me is much higher than that of the leapfrog difference sche me .
The retrospective time integration sche me can be applied to oceanography, hydrology , envi-

ronmental sciences , aviation and so on.

Key words: Time integration =~ Memory Numerical weather prediction





