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Abstract Based on the nonlinear error growth dynamics introduced by the authors recently, the
influences of initial error and model parameter error on the Lorenz system’s predictability are
studied. The major results are summarized as follows: (i) When there is initial error only or
model parameter error only in the Lorenz system, the error growth and predictability limit are
comparable between two kinds of error problems. This result holds basically for the wide range of
parameter space of Lorenz system. (ii) When initial error and model parameter error coexist in
the Lorenz system, the influences of initial error and model parameter error on the predictability
of Lorenz system depend on their relative sizes. When the size of initial error is far greater than
that of model parameter error, the predictability limit of Lorenz system is mainly determined by
initial error. On the contrary, when the size of model parameter error is far greater than that of
initial error, the predictability limit of Lorenz system is mainly determined by model parameter

error, When the size of initial error is close to that of model parameter error, they both

E£MA EFK 73" H (2006CB403600) HIE R H ARl ¥ & £ T H (40325015,40675046) F B.
XM THRER.B, 197744 .8+ . BERRA . FTENFTELEHE XSS HESTHBEFA. E-mail: drq@mail. iap. ac. cn



1008 # 2R ¥ B % R (Chinese ]. Geophys.) 51 %

contribute to the predictability limit of Lorenz system. These results indicate that when numerical

weather forecast is made, we should pay great attention to the determination of model parameter,

not just the determination of initial condition,
Keywords

system

Tl

-1 8|

Lorenz VB ¥{E M B H R — X7 BMtE, £
EREAVBREAHEEX BB w. FHBR
BHAMAMBRES T HBRELEHEM T KENT
e X TN — AR EE FHRER
ERLERN . FRRBREXSFEAVNBRE AFE
HERARE MEX T BATBHNEHSEBET L
WHRE. R ELEEE S NERFBRELE
wOEANKATRR B TEREWBREZSN . E
EREHA TN —RBHS (N REPE
WHETANEARS). XLRAPLEAEHTEEL NN
LRKRFE  LATRERT AR EHER, AT
HT SR 2 49 ] R R AL

Chul B3 T Lorenz R4 S ¥ iR 2 X o] W
RYER R W, 3F 5 90 1R 1R 2 0 AT B 0 B v AT
THE.FRERRY . WLRLEIBRRERENK
f0 B T3 0 5 1) K 4 4R 24, RO O A B 8 TR
BRANSEM TREAXSHARR+HEEMN. TR
HEC WA Lorenz REWRA T SRR ENTH
MERE, 5 Chu"HRAFANE, BT RBBEY
HhR 2 F S PR 2 X o] BUR v 0 8w ob, b 758 BF
RTYWMBREMSHRE RN FER Lorenz £
GRREM KBS, AN T RAEYECRRD R
EZHEEUAERATREH) , REHEERH SR
ZBHOBRENHRUEMEN S  ATELBEHS
B AN EEAL X B B R . X R FNIRW
RREMSPREZEHRERERARTPHHENE
EUHRBABRYKN. R, T LN REFE L5
BRAR, FERME. REAMBENTEATHE,
Re A REMSHPHREXERET I WH
REMSPREH WL, M TFHER2R[BEEA
PMENRELHRREEX TR WA NBRENS
BREWMNHABES R UGEHARERELE—
ERNMIMBREMSPRZNER T, St
WA BMUEARD FAEERMEBERBREIFH
¥ BT PR 4 B K.

Numerical weather forecast, Predictability, Initial error, Parameter error, Lorenz

HTHRBEEREHEKERETHRUFRF
Hy BB, Ding I LIV M LB RENRERRT
BAREXEMLEN, ERARENRERRBEXE
HRUWHRENKR ERER EFIATERER
# Lyapunov B MBS, RR T XU REMK
B, SURTRRERZMKER M LR, FRHER
EMKARRANERERRALUE R ITRME
RERTHBHIRI . A XA AR EREMK
B R BB ST 44 1R 2 A8 BUR 2 &9 7T BUR #E 6]
B4 L TR R R, M4 F A Lorenz &
GHABELBREBFRUTILARE . EEE
SHEHT LM ETHRBARENHRENS
BREADEL EREMBRENSHREN
HET, LRI R TR RES LA
MBERENSRREBFENEALT HENEL
R

2 IELPERI Lyapunov HEEH KR
£ 4t °] B3 PR 19 56 <8

StF—Pn RN DR, MR HREE
FHFTBAEEMEIMN REFAWIERHER,RE
WA T BB t=10 Bl oo+ HITHRERS,
#Mor83,

8ty + 1) = P(x(2,),8(2,),7)8(2,) D
He p(x(4),8(), O N ERUHREEERT,
x(t) HPMRE 6 PR R E , « I T E
(DR FTLLE XIEL PGB Lyapunov ¥

1, 6+l
Q ’8 L] = — —_-___’
A(x(2),0(2),1) rln T8G) | (2)

X E Ax(2) ,8C) D AUKB T HZEE B EH
HEWBERE x () MPABE -, R 5BRE
SN B X, MUMEXMRABRE B e E
Lyapunov (" " RB T ELRHREMK T BRE
RS, UK TR RE x(o) MRALESE o, 5
MBRE GO EX, AHHEREAR. TEHHT
HEHREMBIOHRNMERIDO=180 .
MRE R X IER R G A3 N REHRTHER,



¥ THES MHEREZENSHREMBMRETHMREEEG LB 1009

FTEIABEKRAELHHIELYERE Lyapunov 1851
X(8(%)’1') = (A(x(to)ss(to)’z')>~
lwl, 86+D
= N; _‘l'_ln ai(to) ’ (3)
HP( )y FBRNN-)NMEEAMNEESFY ;R
EFHHESTHE EGG), O F LB EHIES#
FE Lyapunov 5% A (6(¢s,) , 1) 3K1E .,
E(8(t,),7) = exp(A(8(2,),0)7). 4)
IANEINCIF-IE:
0:(t, + 1)

E(6(t),0) = exp( Zl 5. (20
Xt FARRDEIBRIRE 0  RITA

) (T8¢ +0)*

E(8(t),r) = —=L 3G . (6)
HF—PMEHAGE . HE 0,0, (6 +1),8, (4 +
£ vee Oy Cto + O AR EL L, 36 LU BN — 2 7

FMAXEL10JBREMEH, B
E(8(ty) ) —»¢ (N — 00), )

Hep— R EEREH T, c BHERE 51,0
BT ML A, (R 2 A BRA, B R R
DEERLTE &, Tk £ 8, E A B AR
ARG R L 0 T TR R T, 868 B M o
(i B2 T TSI — V44 O B B
A K B TR R S A RS T LA
TR LTy 38

3 ARt

Lorenz R4t 7 78 R
X —=—oX + Y
Y=rX-Y—XZ, €))
Z=XY—bZ
H b oy Prandtl ¥, r & Rayleigh $t CF g & 3 ¥
LL Pr % o,k Ra & ), b Ron BT BF 5 4 Wi X 3%
HFMEH S BRFEETHIHRE RN X (@),
YU Zt)  FEEENSBME 7N Pr.Ra.b,
MELERMBAEENMBREN X )Y (1)
Z' ) X MMBIRENBEE N Pr'.Ra’ b, R
THZEDERYHREMSBIREN RGE0THMR
REE, REFRLAT =0,
WPWBREEE, P BREFERE.SHHY

) (5

ESLE, e
X' (t) = X(1),Y () =Y (25,
Z'(ty) = Z(t,) (1 +¢),Pr' = Pr,
Ra’ = Ra,b' = b,
Hire B3l AMRE.

(DOBPREME, MMBENELHE. 285
ERE IR
X' (t) = X(t),) Y (£) = Y(t,),Z'(t) = Z(t5),

Pr' = PryRa’ = Ra(14+¢€),b' =b.

OMBREMS PR EMFER R, TiE

X' (t) = X(1),Y (£) = Y(2,),
Z'(t) = Z(t,) (1 +&), Pr’ = Pr,
Ra’ = Ra(1+¢),b' = b.

MEL E =R 2 R BT 4 E MY B R GRS
EFHEHR B Lorenz RAEBHHBW L, 5
EXWR RSB KM KB B E LA
&, T AR R Z M . M X#[9~12], 3
SUHEREMKHEL I EAXRARNERNE KFE
BERBEAVKRREFERIONER THRY
BRIREMIEREN K. B, REEEF AEL TR
ERKERERARSBREBRFE@FNHREEHN 0);
HEMEIESH Ra B Lorenz RER X,Y.Z K
AR, NS BOR 2 R R AT DAL B 1R
WREE M, FAERT LA FIERE R KRR
REPRERBRRENK. B TFIHIREM
BESWRENE, EREERERENKER
WA 4 4L Lorenz REK BB KB MR —%
BELMARSEIMBSERESEY, TRAKR
RRGEERFENREHRKME, BETUERD
B E M REEAR R 2K F T B 0] HR IR,

4 GRS

ERBEI - PFEHRTAXERAEN=
RKEE, FTEIFH A EREMNGR.
4.1 FHBMARMMBIRENSIIREKXNTL

fo b B

SMFHEWSH Pr=10,Ra=28,b=8/3,
Ha,DFREH TARKNMNITBREMSEK
REFRMT Lorenz F 45 1918 25 - 39 M *f 1% K B ot
B ALl 2. MBI LLE , TS BRI 25
ik RBEARERE, Lorenz & 48 6918 2= Y ¥ # %t
BKBMALHERE TS BHBT MK HE
RHEREK, REXFIRMAEEEK. WHIEER



1010 i 3R # B % #f(Chinese J. Geophys. ) 51 %

N REMKME RPN EBK; X SHR
Z, MR, 5K TE -2, mREmHRR
ZTALBR Z M AE K 99 %5/t B Xt B & B 8] & X
HAHRB RO AR, MR BEENSHE
2 10 T TR 000 B AR B R 2 e OB KT 0D, X T
FREXNRE ¢, HEMNTTBIHR PR EERRM
EARK(E 2),iXRH Lorenz REX MK REMS
WRENREREEEANMFB AXNAEE, EfbG
HIHERESHA T BRSO TRE RHRBRFRE
HE

35
a: e=10"*g: ¢=10"* o
301b: 8=10"" h: =10
c: e=10™ j: g=10~ e
514 gmi0+ j: e=10 :
20* e: ¢=10" k: e=10" ¢
E f: e=107 |: g=10" 9
154 n
1
104 1
K
54 1
04 (a)
0 5 10 15 20 25 30 35 40 45 50
35 z
Qa: em10g: g=10" o
301b: g=10" h: g=10" >
25 1 c: emi0™ i em10™
d: e=10~ j: g=10- :
20{e: €=10" k: e=10" .
I'E f: gm107 I; gm=10™ 9
151 h
]
104 J
k
51 1
0 (b)
0 5 10 15 20 25 30 35 40 45 50

T

Bl RRAXKDMIDHERZEGQOMBSRREDGLEET,
Lorenz R YE (iR 2 ¥ K HIX MK E(8(t) ) BERTIF] r 4L

Fig. 1 For the initial error (a) and parameter error (b) of

different magnitudes, the mean relative growth of initial
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