E3EE2H R % B Vol. 53, No. 2
1995 £ 5 B ACTA METEOROLOGICA SINICA May, 1995

NETRESIREWK

FEH LA

ChE R ¥BRAS W HEPT I, L, 100080)

m ¥

M—BEERFTRHR, ARSI TRENKFTE. SRRARZWUKRIEHER
BE R BERE, R ERXSETFREARTEFZEXTHREEK, MRS KR
ZHER. RRFPRERTERENKHRARE. XPRH THEREAREH KRN
. X—HEREA TR EIREREFBE R BHTTR, X Lorenz REMPEASBETHE
BT EIE ST IE B R LR

KRR : 0k AT REMKE,

1 5%

REBERIES R IEEA S HAEPR/DNRIRESFEER EIR2 AW KO EEY
YEYLE . FAE 1963 4 Lorens™ R T #5E R G H AR AWM ENEIE RS 7, A H
P — M RARSAE BE R A E RS EURYE, TR S T TR EHED . A TWhiRE
MAWIYR , 2 —E R B UG . 30E P Z R/ R RS ST BAE S T BEPLE R
AMRSRSHBRE. B TX0E, REAERMMEMEEATHER. CHFEFT
EEELFACERGES TR ERC U RBER TR —RIANER ERY A
EhA. BTREMKFRAMEABENKEME —H. BRATARREMKER THER
BEMFLE". AT REFRBELBUREKEERERZM KPR ARMERIFAR
+orERE. AEERRET B —XHH. BTFHASHHEE, RERBHREESRT
— B4 R X B4 UG WX HE AU, EX X — LR E AR il g
THE.

B E 7] BURTE ] B R AR, BRI RN A E SR : —REE R ST
BRI L RERENY AN TRERKRSBEA EKK T HERN E, mHE
O SR %0 PNA R0, [EInf @R B 450, BT R A RIS i R .

ASCHMA T T REMK TR TR TREMKFARLARE KR RER, AT
SHAFHAE RN T REN K YEILE .

2 ERRTE

* 1993 4F 5 F 29 HPIFMR-1993 4£ 8 A 10 BNBIGEBHR. AHEHA D EH¥B KY-85 SIABAY.



2 FERF - NLEF B ESRENK 139

REALES L TUBKRERSHAEFBER TR HHER.

BE .+ (N + Lyp=¢ D
HPRERERE o= (Vi,Voo 0.7, EHR“T” B R XB
[ ctgl 1 9
A 20cosf a Vi 0 asinf 94 0 1
o 8 132
2{2cosf p V, A 0 2 20 0
a R
N —1 _— -
0 0 0 ap » @)
1 0 1 3.
asind A asind ﬁsmo ap 0 0
R
0 0 _ = RZ Cl
L ? 0 / B
A, 0 0 0 0
0 A, 0 0 0
L=109 0O 0 0 0 3
0 0O 0 0 0
L O 0 0 0 Al
] a ] a
ﬁq: Au = ,uleVA - %yz(%)z %’Azz = ﬂlvz - %yl(%)z %vAss = #;VZ -
9y B2y 9
1 0 0 0 0 ]
01 0 0 0
B=10 0 0 0 0 4
01 0 0 0
0 0 0 0 R*/C*]

XEOMT RESP ELMNTE.0MT NRLMEN. REASHRENN.
VisVe=w=0 €))

SE
I
[

(6)
KR EGRBA =0



140 . = -3 L 3 o 53 %
) . . . aT
limp*V, = limp?V, = limw = limp? — = 0 ¢))
-0 e o P-o 3P
2
CERARE,HL = (o,o,o,o,—f; C—i),’
EXAR
(@,@) = anf«ndﬂ 1))
Ko Q FreRRXKHEHE, AEiEH
(p,Np) =0 10
(9,Bp) =20, (p,Lp) =0 an
(@,Be) = (Ba,a), (a,Le) = (Le,w) a2

BMNRRHEET LABREENEBHRET.

N AT N RaE e REAHE T B L REAUHAE T HBRERAT.
SIRERERFREMEET

RAENBSEE AR EXTERIE everies e

BEFUGLR &G E—RETLUERIT

¢ = st.e.
Fin'd
1 i=j
J.ne,-ejdﬂ= {0 i;ﬁj’
0y

®= J-nw'dn
e RiERPEE RARMDE

BE(Dge) + N+ L)Y ge = ke

3% A Kalerkin #UriL !, o] L5 3
de -
B E + ¢.' - Wi - E:
H+
& = ZN%ejye.)

¥, = D> Loe;e)
J
o]

13

14

as

(16

an

as

(19



23 FERS AR BESREMK 141

<f19fz >=Jnf1fzdn (20)
S BEADEHRTE
d d
Bd—f‘i‘ Zj:N-j?’j—*' Zj:L-‘j¢)=Ei Qv
HpERE
N.J = (Nm,) (22)
L= (L)) (23)
H
Nm; = < Nmnej’ei> (24)
L,m,‘j = ( Lm,.e,’e.> 25)
BN BREERM L 8RB
ijz_Nmﬁ’ Nymdj=N"mj| (26)
Loy = LomsisLomy = Ly, D

FERY, Now, Al ARRERUE T, L, REBE T, FERXCDRE T ELEMMS
FENETFRE. XIER Galerkin B¥HEMMLBRZAL.

3 MEARRERRETHE

MEEFBREHESE N [, ARERBEWER BAMAIETBRER T —1
X J fEMSE, ERAKRSE R WRESEHTRIFEEEN — A G —9E
B RERSHWEEHS PHEHAR N — KL, X —HERRHRZ AP,

SRR ENE EXARSEERECH— TR, ENEIRELIBRTHREGE
FEAPEHBEA . HELX A8 F Lyapunof & TR EHEABKR . Lyapunof F8EHR
MEREEHE, TRECHEREEN B H#BEPRRER N SHELEEN. HEREHE,
HARFEANE MELSBEMMAEC. YUERESHTUABEFETHRRN T C 2RHHE
BEMNAGAIXTHEN 0, BHFEE 0, HHBER B « NAE WO BEABIMRE
B —MRF A MFE > BF R RFEFEE e BN MRAFEXHEN 1, W C BRARER . B
BRI LU —# 2 LB AR e, C RMEREN, 1LY t—coif R 1 C BIERH
TZ.

BN RERE NMHE - TN BEE. LEXNEEEFRH L. —2RHEE,
TREEAHIE. BEHERE Lyapunof B X T H KK SESEU FREFARE, —
ok AR .

ZRHE ) WBENE. F—-$aHR

P = @) + @) (28)
He@ BRHBINF ¢ — oo Bf () — 0, WAHEERE  HRCORAQT, LY



142 58 # %= = 53 %

AL, W
B (cii_i + Zj:ﬁq"’j + ZNUS_"; + Zj)L.-,-e,- = Zj:Fijej (29
ﬁq: Fij E?Eﬂtt%ﬁlyﬁﬂ Fij = (35.'/3%%
ROQOBRARYMEN RIHENEERE ST T B, RBEX T RALES FXETHE
B R B R SRR E R, X R AT S | BEFT R TR e HI R i O Bk

RCQOAF I REFR(29) W BAR . WM, %8B BAHEURN, Iy
RXTFRiE, B E

d%z (eBe) + 25 D (NG + @FNyed + 225 3 (T Lye))
= Z Z (e:rFu'ej - e;ngei)
J J

B RHARENE BRSSO (TBe) <0 MBRE . L (TBe) = 0.+

30

PR T4 D (FBe) > 0 B AR
ﬁX = (51 1€39E39 000 EIxJ)T ’ﬁﬁﬁ'fﬁﬁﬂm%ﬂ

— M INp = XTAX 31
— 2D 3L, = X'DX (32)
> D €TFe; = XTFX (33
MRGCOATUE K
%IIXH2=XT(A+AT+D+F+FT)X (34)

e | X 2= D (TBe), iy L, BRI A D #RiLH=A+ A"+ D+ F+ F,

W HRZTXJ By eReE.

R E&ERBONIRA A, H BA 1 X J ADNEFHEERMME 1 X J MHEA &, X —4
FRAE Rl B R T A S (R R — A e A B IESCHE R WARRAE(EC Ao Asy oo Any s FRRL BB
AEFIRS EiEyyoveve By o SHEM X AT UAHRIFRX

IxJ

X = > XE (35)

t =1

RAR G, W a] LS

dyxpr= Sax: 36)
BERAT AG = 1,2, -] X J) AT (0 IR R R A . M 36 T
BE AR .
(O SRR TR BB



2 ZERY AR IBESREMK 143

QDOYEPE - MFERBXTZ, MREABE  MEARBEFERBIATE, N
M REXNAEE, BN ARBABEE.
53 50 B FRAE SR BOK T T FEAE BB X L A RRIE R BoHY LB 25 [R1 B A A AR SE AL
T2
B X (36) F AT 53]
dix|?*

4 S A Xl (37
ﬁq: Ama.z%’\:(= 15200 IX J) *mﬁkﬁﬁﬁ’ﬁ
1X1 < I Xolep(| TrndD <t 38

EREFIRES H THRXAREHE, ARERYE T RATEAREHERN T E.
THRINERANLKABERE T REHKEK.

4 REMKTE
BAEFRCDHE. RERBRNRR e, TRAERENNZRIe O =00 +
(@), Hrp & () FRiRE, HREH B UE R

B+ SINe+ SNg+ SN+ DL =6+ Dhe G

HERGOMQY,BEHBFET EN;,% TRRIR 2 I KA T, 73 508 SR IE L AT
& . J
RUTFT LRSS, FHREBREFEITUER
S @By + 3 SN p i ENTe) + 23 3 L) .
= DSV, + FTe) + 26T

HpESPRAT TR
21 DTN, + €N = 0 4D

(1) F 22 AR R P M R T IR 25 7 25 0 B H B A b A AT T TR LR R A
B R

2R (40) 71 (30) , fN B AR HAME M IERMIERE & = 0, AR W0 FI(30) 54—
B BT LUB B 2596 - S BOR 2 0 K B R A B R B T e SRR R T L R
BHFHE., SRR KR TIRERR KR, T LA iR 21 K i
S 22 A VA ) L R A S 2 12 AR R B, 2R3
R TS RN BEMK . K2 BB, 4k K B R
SRR S B E AT, KRR, dR(G8) i AR R R, RN KRR
o

R T 1525 0 P TR A 0 B R B B TR A SRR T
R PR SR BT KT BUREY R B . SR S B A A ERM R,



144 5 -] % # 53 %

ERASPROERELTM EMEEAOFL MG T TREFHRA. BNRIAREH
KEXMBEAN D BIRAFRBHEENE. RAERHIHR, 2EFITERIAIN AR EHY
KEE K.

5 Lorenz 2&H 47

Lorenz R E BRI BHR. AMXBRIIWITR. TERMEHEEMSETEE
AFERS|FRER TREARERR, #—PHHREEKFERAARENRLER.
5.1 REABNNZIREAR

&, Lorenz R45 %

T = oy — ox 42>
%’=—r1—y—z2 (43)
d
d—j =—bz~+ xy (44)
/“7'\X = (Iayyz)T’ mu
%{ = Lx+ Nz (45)
K
0 0 0 — 0 o 0
N=|0 0 —=x L= r —1 0 (46)
0 x 0 0 0 — b
N RETHRIELKHER F.L REAHEF. 25/ RETE
‘”f;—tx — XT(L + I" + B + BNX 4
XH
0 0 0
B= |-z 0 0 (48)
y 0 0

R (48) KM Lorenz RAMRE MK RMR BRI IE.

B RATR AR ETR, % H = L+ L + B+ B (/N F R
& BEMRR R,
5.2 FEFESES FHHSREY

BT A TE TS 5| T M0 HE 25 1 P B R R AT, R R TS R
HEARTFRRBEIER. B TEARS FHORSIRN, LofFERE R, A
AUARERERK .

2 ) R AEAE S TS RS T AT LR R R R A 0 . BAATR R



2H FERB DK FRESREMK 145

30
(a) 30 (@) .
a
= ]
10 =10
0 0
0 2 4 6 8 10 12 14 16 18 20
T 0

2 4 6 8 !I(‘) 12 14 16 18 20

® tb)

24 24

B16 Z;le
Esl X g NM
0o 2 4 6 B 10 12 14 16 18 20 o5 2 4 6 g 10 12 14 16 18 =20
T T
A1 r=18. 0 i}, ¥{E KB (1. 0,2.0,3. O)BF B2 r=24.0,¥){H X (1.0,2.0,3. 0) At
BEBARBERB (OMBRERE D) BEABRKABRERB@OMRLERED

RAEHARAEEN. XRALHEDRHMHREHEIFHEKR. EXREREE 1a
AR r=18.0(H# 6=10.0,b=8/3, FRD R #{E M. 0,2.0,3. O HIFLERBR K AR
ERBPWEE. WNHESRPFEREEERSF. TUEBIHRAFHYBHARE.
1b % MR PME K (2. 0,3.0,4. O MR R LRPLEM I FIRE. TUEFEREt=2.0
B 5. 0 B (A BN AR P9, HER TR KA IR 22, B KR ERBIHTE ST 2. XA THE
FAE N YME B A iR R SR, fA A — E R R AR B RITBEHE T r=24.0 B
KR A BE, R {IFER N FESESIF. NE 22 TUERHNLALERBELRARLE. B
2b B[R AP RFEREMEMRERT, TUEIREAHEK, 4 t=13. 0 B EBNA)E,
REZFAMM, W EHRKE B NERARBHRERY, XR\FERLKNEN
NCIDiEi
5.3 BAERE

%4 r=28. 0,Lorenz RGAL TIRMRE , FHF AR Z N “4rHE Lorenz |5 F7. BRaPH
LYEKNA.0,2.0,3.0), MIREHMEVMEN Q. 5,2.5,3.5) . EMARH, HiREBEM
ez (F 3a) . IR2E7E 8. 0 B fa] o LU R R B K (B 3b) R EENR . REBRAMEX
NENEZEAREBAREURNER TR BHE.

ERSEH, IRA B EMIFH AR TREES | FRANSEH, HARFRALRE
3R [FlR ZE RS VIR ‘

6 ittt
AXNEHTREER G TREMRETE, HREMKTEAMTRY, REH
KEEQERMBHDRETBRE  WHERHEALTEFTERXTHRERK, MTRE



146 g5 #®

¥ #® 53 %

RESEMEM. RITFI#THERRBER
S HREMKFER B IPR A BE. R
RN TRR A E I KR AR
HE— X7 R EE M E R &
RIMNHB ALK BERBENILE A RE
HERR. SHTRAPRABERBRA
HHLKBRARE, RERREOTRERK
RFAIE 78 300 B RO R E X A LK) T 2 [ 89
YRR, MAREM KRR,

YR BB T+ E T Lorenz REH
PETBE . FRIEL T RGBT
i 2= B B AR 72 P B 5 B 5| T MR T IR
MEFEPRABE, AT ER—E B[
HEREERAOA IR ERERES,
REARBERBRAGH R, 4485 6
B L34 T AR A R B AR E TR
i 73 5h— L3884 B8 E BB/ DR ZAR
BE. ARREMKEMSEP AR —
.

EREGEX T i E S K WRAS

0 2 4 6 g 10 12 14 16 18 20

(b)
%16
2
8
0

0 2 4 6 8 10 12 14 16 18 20
T

(c)

—IOF
—20
0

2468}1_01214161820

B3 - r=28.0 BRI FREEMK.
(a. MAARBEHY b RENE,
c. x 5+ B At B W)

ARER. TRRENRIE KR h TREA R . R ERBE B 50 o B LR, 2
A XA ES R REM RN ARNARE. — MR 8 R EE, RECKHBER
MR T AN BEN KB HRESFHERG F2E L, TR A RES B KR

B — R BT U A m K

BERERY AXFRAZBRARENER, XEAFTR.

$%5 30

[1] Lorenz E N. Deterministic nonperiodic flow. ] Atmos Sci 1963, 20:130—141.
[ 2] Lorenz E N. A study of the predictability of a 28-variable atmospheric model. Tellus, 1965. 17: 321 —333.
[ 3] Charney J G et al, The feasibility of a global observation and analysis experiment . Bull Amer Meteorl Soc . 1966,

47:200—220.

[ 4] Smagorinsky J. General circulation experiments with the primitive equations, 1. The basic experiment. Mon Wea Rev

1963, 91:99—164.

[5] Leith C E. Numerical simulation of the earth’s atmosphere. Method in computional physics. 4, New York, Academic

press. 1965, 1—28.

[67] Lorenz E N. Atmospheric predictability experiments with a large numerical model , Tellas. 1982, 34: 505—513.

[ 7] Lorenz E N. Some aspects of atmospheric predictability, problems and prospects in long and medium range weather

forecasting, ECMWF. 1981. 3—12.
[8] HER KYPHEXSHR LW SKHARH

1986.

[9] Gilchrist A. Long rang forecasting, Quart J R Meteor. Soc. 1986, 112: 567 —592.



2 FERF AR R EFREMK 147

[10] Miyakoda K et al. One-month forecast experiment--without anomaly boundary forcings. Mon Wea Rev, 1986. 114:
2363—2401.

[11] Palmer T N. Medium and extended range predictability and stability of the pacific/north America mode . Quart J
Roy meteor Soc. 1988, 114: 691 —713.

[12] HEHE- MEBEANERSKTEE STRF¥EM. 1983, 41 (4) : 385—392.
(13] HEH KAsHhEFHAR 2M: 2MEEHARME. 1990

INSTABILITY OF TRAJECTORY AND ERROR GROWTH
Li Zhijin Ji Liren

(Institute of Atmospheric Physics, Academia Sinica, Beijing, 100080)

Abstract

The objects of this study are to propose the dynamical mechanism of the growth of the
initial error in numerical weather prediction . The equations of error growth are obtained
from the spectral primitive equation model. The results have shown that the error growth
rate is determined by the tangent linear equations along the orbit of exact solutions . The
nonlinear advective process of error itself has no effect on the error growth rate in the mean
square error sense ard only redistributes error over the spectral space . The trajectory insta-
bility is the essential cause to error growth. A method to compute the instability growth rate
is developed, which could be used to study the instability of the time dependent state. Then
trajectory instability of the Lorenz system is analyzed and the theoretical results are verified.

Key words: Trajectory, Instability, Error growth rate.



