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BEBIE S M BT 5 iR FEf i ¥
REFRE AR
BENE K R EELST BHAH

(LBBETREHNTEER LE  200093)
"ESEEREYEBEERE FH  266003)

RE AARWEREERTN G %R TRME S FBEAHEXRL B TR EF7
BERGE (QME) R MES ] 5 44 W IR MR S AR IE M — R F k. %7 ¥ X Logistic Bt
SRR R ARE R SSTHREAT TIRM R R ERI. 45REW, W7 BT — Mgkt
TR BB R R, ZEHER MR A5 L 0 329% B, SEWIME ST A X R B0OE 0.5, BT S
MEARFEE AT W R B MR, FatE M T REH SR 43 tag # hn, ol 5 i
EHHHXREER, ZHERAHBRERYE. KA ZFETHTFIFERS TERERR
Kolmogorov % #1 f1t.

XA ERKHETW B BE BXEK

FRo%S P33

U+ JLAE R BE 3 9E S M B0 338 B O 25 00 T BR R R, A AR T T 0 3 18 A AR I S %
HERIERRFFIESEAR T EHFK KA. Sugihara % (1990) # 1 T F A A4y
B 07 & KB AW B iR 2, N T 5% B 5T ; Wales(1991) IR %6t H
RIEATEREFRNEMEREYHXABERN QS KERTTHXR, BEE
Tsonis % (1992) 7E It 22 il UE B T 43785 W & ¥ T30 00 1 700 5K o 8 A0 A 5% 2R 006 T I B ) 2
KERZHEXR., REULERELHRAPE —CHRH, EARAE LEH TRES
W XA, EAMNHR Y X EFRER T8 HINR, FEHREANTTRE S LW R
(B%EF)WBHRIES T, BRI SF REF MR ES T ERAIANFRNE
EiIRE, Jimenez % (1992) R B T RHFMALUEENTIR FERWEMN, FEATREE
¥}43 #r; Barahona % (1996) Fl i Voltera~Wiener—Korenberg 2% U F M AL A & 15 & 4 RN
WA R PR R R R BUE T RIFHBR.

AR T RER IR B T i o0 i v W SR AT IR R e A I, S P i
RWITEFRE B SSTHRESET TRN,. RuMAZFERER SSTAERS]FHX
ER 23 & Kolmogorov i 4T T ¥ #4413+
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1 BRMIERMEERERANSE

W x(),i=1,2, «--n ARYESBYETEFS, E— m EREZH (X0}, H
1, X(0) = (x (@), x(i— 1), x(i — (m— 1)7));ERIE] T Ak IER AT, Ak RAE BT (8] 6]
. 4 X0, XG+ )RR RKBEAARkjBFZRE, MAEXH MRS Z B L4
P&t X R (Farmer et al, 1987)

XU +7) = f(X(D) 1)
Ko, (RGN EHL) N WA K, o F HFRRG| T M H2AH R EE
MR, B, FRE X() R HBURZS X (nk) R M BLH AR R j B ZPRZS X (nk +
7 GEF s nk+j < i B XG) ARTHY R B ) SRR X(nk) 70 X(nk + ) TSI E K . 4R
FEARA X(0) RADRGBWE x( + ) TR TN j £ EHTE K [, IR HRNE
xG+ ) 5 + 2f),

A RHTMEL £ ERT ZRBARER, B: £ = a,+ > apti— (k- 1)7) +

iiak Mi——Dxi—(s— Do), HP, RARKENMEHI P= m+2)! /m! 2!, PR
k=1ls=k

FRE X() BRI B /ME AR A AB/D R R MMM E X(nk) X (nk +
D> RBLERMBL. N TRIEBOREN, —MERTHRESERA N L 2p BE.
2 #wE

B Logistic BRAUERY x | = 4, (1 — x)(¥MH x, = 0.4 L TRIMAH 1 0240 . 7
H(0° £0.5°S,165.5° + 0.5°E)1990—1992 ¢ E1 Nino X4 KR B SST 10245, i1 E#
B BRMETE (- 1, + 1) LEEVLERE R V1 024 A B9 5k (B A B AL A B BE AL IR
FHRMW R~ EKIRE), AR 0.25(in0.57 + R ¥R, -F X S ¥Ek BB A4 fin ok
F R R BATIRIE R R FARN.

L XL R.S (n=1, 2, 3, --1024) 5 BIRR logistic. A& H SST. BEAL 1R B &l
FF31#10.25 (sin0.57 + R)) ¥E¥};6x. 6T. RS HIE = x,. T, R ¥ J5 %5 q6R | 6x.q6R/ 6T
SR x,. TRAE u, HF, g 7T %K. '

3 RFERMEA
3.1 [RIGHEBHAYIR A

HTFEYHESBATRMESRA HE MR Kolmogorov #i & IE Lyapunov ¢ 1iF 5 ¥, #& o7
FERATWHNLER RN B PMEELYE. RTEETLR T A 5 iR A TR AT
5, H Kolmogorov #i % Fog7 K , BI 7645 25 6] o MR & A 77 7k S U R 480, R B A W B
e, AREmN e RP KR AL, WIAEIREEHERTRAELTE FREFART
BERARE MEERAFEEETERSF,. FRRSIFASRAREAMLEH, BT
RERERZEZIR, RIE LR, Fl B RHHIERE BTN AT XHBHEMEE,

ERMHNREF, EHYESBHARESERE, AINBSERZYESEH L
ZEIMIELEREER, R, —BEBEHE (HRHE)BRIEAFBEES, EHIEFER
BZEMEER, ZAEESE ERERES 5% S JLFRAHEJUTHE, — BI85
TEBER S HBEMGESHRE, BT XKMBHGES GRS, SARITEESBIZ R
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WX, FB FFTHES x,. T, R, SAEESHT COLE 1), APRER S x & R 85 iR
A, B laEFEIJLFEME 1b /Y Logistic M F, BMEMRFATXS. XREN—B
BHFEREELTRBIBRMNR KN TFERI FR AL HE R Kolmogorov 44 1 IE
Lyapunov #8 BUSE, AT B EE R4 IBBIBMHFEN LR, AT RAFERKEERRN 7%
15 3 I X — Ak, BT A B BRMIE (i) B2 3K BRAE p (1) B9 HE 58 2R 20 ol T 0 ) 25 K S 080 28
A48 BT (Wales, 1991).
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Fig.1 Spectral analysis of the original time series
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1 — p(j) = 0.54e*™ 3)
He, 4 RIEH, K5 Kolmogorov 4, #/RRFERLYE S Bt HFHEBMTFHERE,
FE 414 T M 52 R BB j 1 38 i 2 LS PO
H T 1 5 0 R T BRI, LSRR B S TR AE A A SR R BB/ T A X R HUL
4 0), BRI A SEEE 18 0T B B . IR IR AAFER R A G5 ERB/ME
HBAER m* L, HAEXRABRTHERALERMHEXRZE ATHE m*. S5FA
X% T,» R #1000 B BT 500 MEEATM AR (1), BEH j #3800 10 A6 52 3 n B AR X
BT S B = 1, BTG 500 AL SRR R R p. Bk AR ELILE 2. 2R
B2 LR a MBI RE, BRESE KN 0.1, ERBHTHRERBAFLESR Rk A LR
B R AR, B R K BN 5 K BREK pR/D (pfXFEXTE [ - 0.1,0.1] £ Zh), 7T
IWHARH K, BIZB K phE xR A ZEBTCE . BE 2 FH 4R b, c 7T A Logistic ¥k
BAEE N 2—4 W p(p=099) B k. EM,®Mm* =2, m* =[d]+ L(HF, 07T
W5 FRERBEELF) MM L,AHN 1. KRB SSTERAEB N 6 WHXREEK (o =
0.82), /& m* = 6,4, 44 5.
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Fig.2 Relationships between the correlation Fig.3 Relationships between the correlation
coefficients and the embedding dimensions coefficients and the predicting steps
a. R; b x;c T, a R, m=5 b x, m=2;

c. S, m=5d T, m=6

BHAR Q)HE phEj HASLILE 3, hBE 3 R BL b M dFTH x,. 7,004 5 R %068 j 3%
i EFEFER, AT RIAVEMAEME. X2 HhTF Kolmogorov ##11E Lyapunov 38 $FF
70, M S E MR T, RS /M, HFWRERRAREAAE., ™ SR
2% B B A BE 7 KT T R, B A% RRHA A IE Lyapunov 377, MNSUEMEIH
EEARBSEE X R, BRI AR E M 5 R 3 38 B & T 45 4 06 48 Jm T 0.
W& x. TR 500 AT K — BT B8 LR | CERRE x,. 7,10 — ¥ f1 BB 51
34 0.50,0.37.29.89, 893.71), I ML FR{E S WM AT j = 6 M EWE KB —Br. ZH JLF



1 BBIE%. REAEGr: E By A W v R i R ep Y 75

%, TRE-NMRETEAEBC) BAR Q)M M Logistic B4 Kolmogorov 4
K, =0.70(1/ Apy (REH In2 = 0693 ), H—MEER ABHK, = 0.86, B3 4B F BC
KF3 K, = 0.78. THIRIPIARBEFH K, = 0.14(1/ d).

£l LogisticBRE I FRBSSTRAE M — M EF = Hr4E

Tab.l The first and the second moments of the predicted Logistic map and equator SST values

——_— LogisticBt§f — 738 A SST _

—BE —BrE —BiE Bk
1 0.50 0.37 29.89 893.17
2 0.50 0.37 29.88 892.64
3 0.50 0.37 29.87 892.38
4 0.49 0.36 29.87 891.99
5 0.48 0.35 29.86 891.42
6 0.50 0.33 29.86 891.42
7 0.51 0.30 29.85 891.24
8 0.48 0.26 29.85 891.00
9 0.49 0.27 29.85 890.87
10 0.49 0.27 29.84 890.74

3.2 HRFHNBRERBREZRN
RAFHFEREAMERERN x, + uR, T, + uRGMILBEREN. B TFREWEE
FRERAENTFRERG FEMREDTH, A EFERS| FEMS RS RS 2R
HRERAR L, E W E LM AR F RAEDTE, KA H45 A R K £ 24 (Kennel et al,
1992). BEE {5 LLRIHE K, Wi R I W 5 4 o, R (8 342 TR 31 F 10 )3 3R M LA HE B
HER, REMN, E8/MREHLERT, FRRII TFEERDBHECNEITEERER L
B, M FERAE LHFRRT FRILMEEME, A EXMHEL TTRARBEREEERD
T T RV R N A
TR u = 20%, BRABEH m = 2, P A B LM B 8 B 7 Bk HH B8 % Logistic ¥ERHY
p5 j ALK R LA 4a, BT AU Logistic BEHH7E 848 00 T 45 K V5 BB 1 31 90 A e A
RERBWPFEHAMEEETHR (ELTREREFELES/MIBRT, EREH NS K
EEARARFH TR, HAEXREEE D, A TH TFRENEEE SRR 74
W RFHECERBRL. Ha 58 3 FHFER SSTELEF MUK BT, RET R
H SSTIRBFR SR/ BE, REMY, SR LEFBRROMEXRYE, L5 BT
HERLRANRET (REHERLE 3a).
T RAUEZ T IATE W5 L R R PR AR AE M A B YA W, 2 B H B T Logistic MaRki#
H SSTHAX AP oSt X RNE S(HFERTREBRBKBRM AL REKRT 26
RPAESESIE 5%). BEH puf 3K, B3R 5538 W 5| T JUAR 5 0 s 1R AL 1 3R,
FERBMER AT RRE FRTACISEZES L, ANTHEHZSE PN Bk LT
WG A7, SO A R AR BB 3 KT/ . PR BR T 78 W45 L K A R S R Mg i
RTINS B ) R R AE, B LA AR /D, — AKX ERREKRT 05 WA ETEE
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Fig.4 Relationships between the correlation Fig.5 Relationships between the correlation

coefficients and the predicting steps coefficients and the noise-signal ratio

a X, m=2, 4=20% b T, m=6 pu=32% a x,m=2j=1b T, m=6j=1

P T Y IR T A 3, Logistic B3 B} AR TE H SST 4 5 "I 48 I & 245 Ltk 27%. 32%.
3.3 it

BHAAMGRTRANILAEHMET EEARB, B AR SFAEEIE Lyapunov ##1iE
6 %0 J 4 FR Kolmogorov 4, AW 5| F 7 A BR 468 = E R #32, 7 HAF RHWMEMU
P, ERENRATE P EETHE, #HRREELFE I IEHE, B (ART) A
AHEEHFERS FRERBALCEE, TRFEANBREHFARTHNE. EE2HTXE
i, R A 32 R S BE T B+ R0 A 4 B R A 4 B A5 A TR 1Y 3R T B A A5 £ T S R 4 4
1 Kolmogorov #i. HBEMER AW FHBHUSENEREEETN A HAXRK
FEPBEESE ERERN, ERT —RES T E. NERAERAFTRLTMKH
SST ¥t RHIE T W2 15 Lk 32% B, 46 0 LB M4 AE A 309
4 Hig

B A 34 AT AL AR BB T R R T 5| F R 3R AR U & K Kolmogorov 4 #11E
Lyapunov & %0t 5, #1) A 35 £k vk 208 T 5 ik sHB WA AEAR M R A iy . B iz i
FRiE B FRBKBER . ERHEHRHBZKBEABEFGE, FdSHRT (FRELL
C R/ RBEAS I ), ZE N HERRAE EL O 32% I, %07 A A RO AR I ) FLIR MG ARAE (BIAR R
REE AN 0.5), BT EM TR TR iHEEZEKRH Kolmogorov 4124 0.14(1 / d),
FEBRE] FHRBRERLY K 5. ‘

BRZITEETWIH MR RN A — & KBUR, (B B0k Lt B oy i 48 1l
BIERAFERABII. H 502 e R0 B 5 2 o) I 58 BB (5 B R/ B 8 T it —
HH, XE B FAMNS LR RS E R IR EN T ERE.
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APPLICATION OF LOCAL NONLINEAR DIRECT FORECASTING
METHOD TO DETECT OCEAN CHAOS AND NOISE

WEI En-bo, SONG Qian’, QIN Zheng—cai’, TIAN Ji-wei'

(College of Power Engineering, University of Shanghai Science and Technology, Shanghai, 200093)
Y( Physical Oceanography Laboratory, Ocean University of Qingdao, Qingdao, 266003)
Abstract This paper gives a method for detecting chaos and noise in chaotic time series and in
time series with white noise by using a local nonlinear direct forecasting method and the coefficient
of correlation between predicted and actual values. The method is applied to Logistic map data, the
equator day SST data and data with noise. The results of application show that the method is better
than general spectral analysis in detecting chaos and noise. When the data is contaminated by
additive noise 34% in proportion to that of the signal, the correlation coefficient is about 0.5. Within
this creditable correlation coefficient,the chaotic phenomenon of the time seres is detected by the
method.

When the rates of noise—signal increase, the correlation coefficients decrease and the noise
character increases. The correlation dimension and the Kolmogorov entropy can also be determined
by the method. Our results showed that the correlation dimension and Kolmogorov entropy of
equator day SST data were about 5 and 0.14(1/d), respectively.

Use of the above results yielded the main conclusions below.

1) The application of nonlinear direct forecasting to detect the deterministic chaos in natural
signals with noise is valid.

2) The time series of the equator day .SST is chaotic and contaminated by some additive noises.
3) The higher the noise—signal ratio is, the smaller the corresponding correlation coefficient is.
Key words Nonlinear forecast Chaos Noise Correlation coefficient
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