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A S P E C T R U 入厦O F L Y A P U N O V E X P O N E N T S O B T A IN E D

F R O M A C H A O T IC T IM E S E R IE S

Ya
n

S/l
a oj in (严绍瑾)

,

尸en g Yo ng q ing (彭永清)a n d 肠ng jia 二ho ng (王建中)

N 3 nJ 一n g In s t it u t e o f M e te o r o lo g y
,

N a 川in g 2 10 0 4 4

R e e e 一v e d Ju n e 29
,

19 9 1

A B S T R A C T

A e o m p le t e s p e e tr u m o f L y a Pu n o v e x Po n e n ts (L E s) 15 o b ta in e d fr o m 1 9 7 0一 19 8 5 d a ily m e a n P r e s s u r e

m e a s u re m e n t s a t S h a n g h a z b y m e a n s o f a c o r r e la tio n m a t r ix a n a lysis te eh n iq u e a n d it 15 fo u n d t ha t t h e r e e x is t L E s> 0
,

a n d < 0
.

w ,‘h , h eir s u rn < Z e r o (艺又 < 0 )
,

‘h u s sh o w in g th e e v o lu t io n o f ‘h e c lim a te 一w e a t h e r sy s tem r ep r e s e n t ed b y t h e

s e r 一e s t o b e e ll a o tie
.

T 11e s u m o f p o s l tlv e L E is k n o w n to re p re s e n t th e b o d ily d ive r g e n e e o f t h e sys t em a n d th e s u m o f th e s e p o s itiv e L E s

巧 th e o r e t互e a lly fo u n d 之0 b e K o lm o g o r o v e n 之r o Py o f 之h e sys t
em

.

T his p a
pe

r sh o w s 之h a 之 w i th the t二m e la g 丁 = 5
, t h e

p a r a m e ‘e r n , 一 2 a n d ‘h e d im e n s , o n a li‘y d、 一 9
,

‘h e s u m o f ‘h e p o si‘, v e L E s

艺又 一 K 一 0
.

1 10 4 0 5 w he r e u p o n

T ? 1 / K 二 9 一5 o b t a l n e d a s th e Pr e d ie ta b le tlm e se a le
,

a r e s u lt e lo s e to th a t a e q u 1 r ed b y t he d yn a m ie一s t a t一s tie a l a P Pr o a eh

In e a r ly d a ys a n d a is o in a g r e e m e n t w , t h t h a t P r e se n t b y the a u t h o rs th e m s e lv e s(1 99 1)
.

K ey 脚 o r d s : sPe e r r u m o f L ya Pu n o v e x Po n e n t s
,

e ha o t ie t im e s e rie s
,

d a ily m e a n P re ss u r e

IN T R O D U C T IO N

A n a ttr a e to r 15 fo u n d to b e in Ph a se sPa e e in th e e v o lu tio n o f a sho r t一te

rm
c lim a te sys te m

b a se d o n 18 7 0一 19 80 m o n thly m e a n te m Pe r a tu re se rie s a t Sh a n g h a i a n d G u a n g z h o u in te rm s o f

Pha s e s P a c e e o n tin u a tio n a n d the a ttr a e t o r 15 o f fr a e tio n a l d im e n sio n a lity
,

in d ic a tin g th a t th e

e v o lu tio n 15 e ha o tie in n a t u r e(Y a n e t a l
. ,

19 9 1)
.

A ls o ,
t hey sh o w e d tha t the a t tr a e to r in t he r ela t

-

e d Pha s e 15 o f fr a c tio n a ld im e n sio n a lity a n d the a c q u ir e d K o lm o g o r o v e n tr o Py 15 Po sitiv e in th e

19 7 0一 19 8 5 se r ie s o f d a ily m e a n Pr e s s u r e fo r Sha n g ha i e m Plo ye d in the in v e s tig a tio n o f

sho r t一te r m w e a the r c h a n g e (Y a n e t a l
. ,

19 9 1)
,

th e r e b y in d ie a tin g tha t the e v o lu tio n o f the

s ho r t一r a n g e w e a th e r s yste m e m b o d ie d b y the s e rie s 15 a m o tio n o f e ha o tie n a t u r e
.

A n a t tr a e to r o f fr a c t io n a ld im e n sio n a lity fo rm e d in th e Pha s e sPa e e o f a e h a o tic m o tio n 15

r e fe r re d to a s a s tr a n g e a ttr a e t o r
.

O n e im Po r ta n t a sP e e t in th e stu d y o f a c h a o tie m o tio n 15 t o

e x Plo r e th e g e o m e tr ie Pr o Pe r tie s o f e x Pa n sio n a n d e o n t ra e tio n in a g iv e n d ir e e tio n o f t he Ph a se

sP a c e o f the sys t em
, a n d th e Ph ys ie a lq u a n tity d e s er ib in g s u e h Pr o Pe r tie s 15 th e L ya Pu n o v e x Po

-

n e n t s (L E s )
,

w hie h a r e th e lo n g 一te r m m e a n o f the e x Pa n s io n o r e o n tr a c tio n a r o u n d the o r b it in

a g iv e n d ir e e tio n
.

Fo r th e d ir e e tio n w ith L E < 0
,

th e Pha s e v o lu m e 15 e o n tr a e te d
,

le a d in g to a

s [ e a d y o r b it o f th e m o t io n ,

in se n sitiv e to in itia l e o n d itio n s
.

Fo r a d is siPa tiv e sy st em the Pha s e

sP a e e 15 e o n tr a c tiv e , o n t he w h o le , 5 0 th a t the s u m o f th e L E s sh o u ld b e < 0
.

O n the o the r h a n d
,

the sys te m e x Pe r ie n e e s e o n tin u o u s e x Pa n sio n in th e d ir e c tio n w ith L E > 0 s u c h th a t tw o s ta te

Po in ts g e ttin g e lo s e r w ill b e in c r e a sin g ly a Pa r t
, o r u n r e la te d

,

w h ic h w ill le a d to th e

u n P r e d ie ta b ility o f t he lo n g 一t e

rm
e v o lu tio n a h e a d

.

F o r a s tr a n g e a tt ra c to r a t le a s t o n e o f th e

L E s s h o u ld b e Po sitiv e a n d fo r L E = 0 the r ela te d in itia l e r r o r 15 n eith e r a m Plifi ed n o r le s s e n ed
.



3 8 0 A C T A M E T E O R O L O G IC A S IN IC A V o l
.

6

F r o m r e c e n t c o n tr ib u tio n s o n the e x tr a e tio n o f L E o u t o f o n e 一d im e n sio n a l(ID ) tim e s e r ie s

o n e e a n s e e th a t the r e a r e d o m in a n tly tw o se h e m e s in u s e
.

O n e s c he m e w a s Pre s e n ted b y

W
o lf( l9 8 5 ) in w hie h L E 15 o bt a in ed by e a le u la tin g th e g r o w t h r a te o f a re a a n d v o lu m e in a n e x

-

te n d e d Ph a s e s Pa c e
.

H o w e v e r ,
th is te c hn iq u e , a lb eit sim Ple ,

15 a b le o n ly to fi n d n o n 一 n e g a tiv e L E

a n d g e n e r a lly o n e o r tw o e x Po n e n ts a lo n e a n d he n e e it 15 im P o s s ib le t o g e t a c o m Ple t e L E s Pe c
-

tr u m
.

T h e o th e r s e h曲
e (Sa n o a n d Sa w ad a ,

19 8 8 )
e o n s is ts o f c o r re la tio n m a t r ix a n a lysis

.

w ith

w hieh a n e n tir e L E sPe e tr u m c a n b e o b ta in e d fr o m a ID tim e s e rie s
.

E c km a n n (19 8 6 ) re Po r te d

e n c o u r a g in g re s u lt in his in v e s tig a tio n o f a e o m Ple te L E s Pe e t r u m o f th e L o r e n z a ttr a e to r b y u s e

this Pr o e ed u r e
.

H e re ,

w e Pr o Po s e a n e n tir e L E sPe e tr u m b a s ed o n th e 19 7 0一 19 8 5 se r ie s o f d a ily

m e a n Pre s su r e o f S ha n g ha i fo r the b e ha v io r o f a w e a th e r a ttr a e to r in Pha s e sPa e e
.

11
.

E X T R A C T IO N O F L E SP E C T R U M F R O M T H E T IM E SE R IE S

Fo r a d yn a m ic sys te m

tio n to b e in th e fo fm

in a
d-- d im e n sio n a lPha s e sPa e e w e a s s u m e the e q u a tio n fo r its e v o lu

交= F(x )

T he t a n g e n tia lv e e t o r in the x (t) ta n g e n tia l sP a e e 15 s e t to b e 省
,

w h o le e v o lu tio n c a n b e e x Pr e s s ed

b y lin e a riz in g (l)
,

w hic h ta k e n o n th e fo rm

亡= T( x (r))睿 (2 )

w h e r e T = 。F / 。x 15 th e Ja c o b in m a tr ix o fF, a n d fo r th e s o lu tio n o f (2) w e m a y h a v e

(3)(4)the

n

议ba

省(r) = 注
‘

省(o )

w h e r e A ‘
15 th e lin e a r o Pe r a to r fo r th e e v o lu t io n o f th e ta n g e n t ia l v e e t o r fr o m 亡(0 ) to

T h u s ,

the d iv e r g e n c e o fth e m e a n L E s o f th e v e e t o r 15 d efi n ed a s

只(x (0 )
,

亡(0 )) =
lim 与

n

, 二 t

」立旦1
}省(0) l

T h e v e e t o r h a s its m o d e s d e n o te d b y 卜二 1
.

A s s u m in g 亡(0 ) to h a v e

{
e 。

}
a s its

d-- d im e n s io n a l p ha s e sp a c e ,

w e h a v e 义
;

(x (o))= 又(x (o)
, e i

) a s th e e v a lu a tio n s O f 又o n this b a s e

w ith the ir o rd e r a s 又l> 又2 > 几3
> ⋯> 只“ th a t e o n s titu te a e ha r a e te r is tic L E s Pe c tr u m

.

L e t {x
,

}(i= l
,

2
,

⋯的 b e th e tim e s e r ie s o f a e tu a l m e a su r e m e n t s a n d △ r b e the s a m p lin g in
-

te r v a l
,

i
.

e
. ,

x , = x 【l。+ (l’-- l)△ t]
,

w he r e u Po n a
d-- d im e n sio n a l Ph a s e sPa e e 15 e o n s tr u c te d w ith th e

a id o f a c o n tin u a tio n te e h n iq u e
.

W ith 下 a s tim e la g
,

w e h a v e a n e w se q u e n c e a s fo llo w s :

x (t o

)
,

x (t .

)
,

x (t Z )
,

x (‘。十
T
)

,
x (‘

, + T )
,

x (t、

x (l : +

)

T )
,

⋯ x (l、 + T )

(5 )

x (t。 + (d
: 一 l)T )

,
x (t , + (d

: 一 1)T )
,

⋯ x (t , + (d
: 一 l)T )

w he re e a e h o f the e o lu m n s r e P r e s e n ts a P o in t in 土h e d 石- d im e n s io n a l s P a e e a n d a ll the Po in t s

e o n s titu te a n o r b it in the Pha s e s Pa e e
.

W ith a P o in t x i o n th e o r b it a s th e c e n te r a n d r a s the

r a d iu s fo r a b a llw e ha v e th e s e t o fp o in ts in sid e it in the fo rm si 一 {
x ,

圣仃=

{
x j 一 x 。

⋯(
r

l
,

2
、

3
,

⋯
, n )

,

le a d in g to

(6 )
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Fo r e o n v e n ie n e e

X 一 X =
J 了

1 ll a X

。妾 匡哭 d 石 一 l

x 了 + :

一 x ‘+ :

}(“ 一 l
,

2
,

⋯
,

d
二 一 l) (7 )

15 em Plo ye d in Pla e e o f th e d is ta n e e in the E u e lid e a n s Pa e e
.

T he se t o f Po in ts 15 o b v io u sly r e la te d

to th e e v a lu a ted r
.

A ft e r a u n it tim e ela p s e d w he n x , b e c o m e s x , + , ,
the r ela te d {xj }15 e v o lv ed in to

{xj
+ :

}
·

Sin c e

L E s a r e u s ed to in v e s tig a te th e a v e r a g ed e x Pa n sio n / e o n tr a e tio n r a te w ith r e sPe c t to a sm a ll d e
-

v ia tio n in itia lly fo r t he o r bit
,

it 15 Po ssible to e r e a te a lin e a r o Pe r a to r to d e s e r ib e th e tim e一v a
-

r yln g d e v ia tio n
·

F o r a d‘
o rd e r m a tr ix A i th e r e la tio n o f th e in itia l d ista n c e xj 一x . to the d is-

ta n c e o f xj
十 , 一x 。+ ; a ft e r a u n it tim e 15 a s su m ed to s a tisfy

x j + , 一 x i + , 之 A ,

(x j 一 x 。

)
,

(8 )

w he re 注
,

15 the a p p r o x im a te v a lu e o f A ‘ in (3 )
.

x j一 x 1 d o e s n o t n e c e s s a r ily o e e u p y th e w ho le o f th e 天d sp a e e
.

F o r in sta n e e , a 4一D p h a s e

s Pa e e ho ld s 3一D L o re n z sys te m
.

Fo r th is re a s o n ,

it 15 Po ssib le to r ed u ee the siz e o f

d im e n s io n a lity o f注
‘ a n d w e a s s u m e a n in teg e r m (m > l) t o s a tis

fy

d
: 一 1 = m (d , 一 l)

,

(9 )

w h e r e

而丈心 15 a v a ila b le w ith 而
a s the m a tr ix d im e n s io n

.

W ith su eh tr a n s fo rm
a tio n , c o r r e sPo n d in g to the v e et o r x 。 fo r th e 心 d im e n sio n in the

fo r m x ! , x !+

一
x , , 己: 一 , ,

th e V e c to r fo r the
dM d im e n sio n ta k e s th e fo rm

y ‘一 (x
, ,

x , + 。 ,

⋯
, x , 十 ‘J

一
! )。 ) (10 )

a n d th e fo r m o f the v e e to r r ela tiv e to (8) fo r the d厂d im e n sio n h a s the e x Pre s sio n

yj + , 一 y 。+ , = A .

(yj 一 y 。)

fo r the
寿一d iin e n sio n ,

w hieh 15 o b v io u s ly e q u iv a le n t t o

(l1)
x

.

一 x
.

= A
.

(x

一
x

.

)
.

J 十 m l 十 m l 、
J l 厂

It 15 w o r th n o tin g th a t
,

b a se d o n (10 )a n d (1 1)
,

A , s ho u ld b e in the fo r m

1 0 ⋯ 0

0 1 ⋯ O

A (12 )

M
d

a
.. .

a 2

w h e r e a、 15 o b ta in e d in v ir tu e o f the fo llo w in g e x Pre s sio n by m e a n s o f th e le a s t s q u a r e s

、{么
’·、 + !

(·
了 + 、,

一
, + 、。

卜 (·
, + 己。 。

一
, + d , , )

}
’

一
Fr o m (12 )一 (13 ) a se rie s o f m a tr ie e s e a n b e o b ta in ed a s A ‘,

A 什m ,

A i+ 2矿二
,

w h ie h

r e n u m b e r e d a s 注一
,

A 一+ , ,

A 一+ 2。: ·
”

·
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W
e a s s u m e Q仍 to b e a n o r th o g o n a l m a t rix in w h ic h Q(。) 15 a u n it m a tr ix a n d R ¿ a n u p

-

Pe r tr ia n g le m a trix w ith Po s itiv e e le m e n ts o n the d ia g o n a l
.

W i th t h e o r th o g o n a l d e c o m Po s itio n

o f Sc hm i(L u a n ,

19 84)
, w e ha v e

A , Q (。) = Q ( . ) R ( , ) ,

A , + 。 Q ( , ) 一 Q (2) R (2) ,

(14)

A , 、 , 用 Q 。, = Q 。十 :) R 。十 , )
·

T hu s L E 又* ta k e s t h e fo rm

(15)
l

m △ tK 艺
In R 。, 、*

一一k兄

w h e r e K 15 th e n u m b e r o f th e R O m a tri e e s w ith K 一 (N-- 而m 一 l) / m
,

△ 1 th e S a m p lin g , n te r
-

v a l
,

m th e in te g e r v a lu e s in (9 ) a n d R 仍
,

、* th e e le m e n ts o n th e m aj o r d ia g o n a l o f th e m a tr , x

R 。)
·

111
.

C A L C U L A T I O N S

T h e s a m Ple u s e d in th is w o r k 15 ta k e n fr o m t he D a ta C o m p ila tio n Pu blish e d by C e n tr a l

M e te o r o lo g ie a lB u r e a u ,

PR C (19 7 0一19 8 5) a n d h a s t he le n g th N = 500 0 a n d △ z = 1 d a y
.

A s n o te d in Y a n e t a l
.

(19 9 1)
, w ith tim e la g r = 5

,

th e e x te n d e d Pha s e sPa e e h a s its

e o o r d in a t e e o m Po n e n t s in d e Pe n d e n t o f e a c h o the r 50 tha t t h e sys te m ‘5 d y n a m ie e h a r a c te r is t le

v a lu e s o b ta in e d a r e s ta b le
,

in d ie a t in g th a t th e r e la te d d im e n s io n a lity r a n g e s fr o m 7
.

7 t o 7
.

9 fo r

t he s e r ie s
.

T he re fo re , a Pr o Pe r dM 15 ta k e n o v e r t he r a n g e o f6
, 7 ,

⋯
, 13 in th e Pre s e n t w o r k

.

I t 15 im Po r ta n t to e v a lu a te 犷 in (6 )
.

T hu s ,

w e a dj u s t 厂 in a sPh e re

{rm *n < }
x j 一 x 。

{<
r } 5 0 ‘ha‘a n y S ph e r e c e n ‘e r e d a‘x 。 e o n ‘a in s ‘h e n u m b e r o f n e ig hb o r in g

Po in t s N in the r a n g e 20 < N < 50
.

m 15 a Po s itiv e in te g e r ta k e n a s Z
,

3
, a n d 4 in e a le u la tio n

.

B e fo r e e o m Pu ta tio n w e Pe r fo r m sm o o thin g o f th e r a w d a ta to re d u e e th e n o is e
.

T h e d a ta

s e r ie s t re a te d th a t w a y 15 Pu t in t o c ale u la tio n , se Pa r a t e ly
,

in te
rm

s o f (5 ) thr o u g h (15)
, w it h th e

r e s u lts illu s tr a te d b e lo w
.

(l) Fo r the Ph a s e s Pa c e e x te n d e d by : = 5 the m a tr ix d im e n s io n a lit y寿 b e a r s th e r e la tio n

to th e L ya Pu n o v e x Po n e n t 又1 w ith d iffe r e n t m
, a s sh o w n in Fig

.

1
.

T a b晚 1
.

L E SP e e tr u m w it h r = 5 ,

脚 = 2 a n d dM = 9

又又1 L E m a g n i tu d e Si g nnn 又1 L E m a g n i tu d e S ig nnn

又又一
’

0 乃9 6 30 5 +++ 又6 一0
.

0 6 7 100 一一

兄兄2 0刀 14 10 0 +++ 又7 一0 刀9 5120 一一

又又3 一0 乃0 0 19 5 000 又: 一0
.

16 540 8 一一

之之4 一0
.

0 34 436 一一 又9
一 3 40 82 8 一一

又又s 一0 刀53214 一一一

艺又
i = 一 0石45 7 0 1< 0 艺又

, 一 。一 10 40 5
二产》 o
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又
,

0
.

1

卜
~
一一一一十一一一一一昌- 一一- 一一

一0
.

1

101,‘nU门n曰

一 0 3

5 6 7 8 9 10

,

; (a) :

消, 能厂士产‘

一 0
.

2

一 0
.

3

5 6 7 打节一喃
一

布j一r厂万丫~ 心

F ig R ela tio n
be tw e e n

寿
a n d 又1 w it h : = 5 fo r

用 = 2 (a
)

,

m = 3 (b)
a n d m = 4 (e )

.

0 1

八”-,乙

00

(e )
一 0

.

3

5 6 7 8 9 10 11 12 六~ 寿
又

.

0
.

3

0 2

0
.

1

)

一一
二= ~ 一~ 一

一
一 0

.

1

一 0
.

2

一0
.

1

一0
.

2

一 0
.

3
一 0

.

3

}

一—
一一一‘一一一一一山一一

一二一一一‘~ d 。

5 6 7 8 9 1 0 1 1 1 2
8 9 1 0 1 1 12

d 对

F lg 之
.

R ela tlo n b e tw ee n

布
a n d 又、 fo r 下 = 3 a n d F ig 3

胡 = 3

R e la tio n b e tw e e n

dM
a n d 又。 w ith T =

a n d s < N < 15
.

5
,

用 = 2

It 15 c le a r fr o m Fig
.

1 th a t fo r the d iffe
r e n t 寿

,

the n u m be r o f 又。 v a rie s , a n d fr o m F ig
.

la

th a t t he L E s , v a lu e s b e e o m e s te a d y a ft e r

而 = 9
.

T a ble 1 Pr e s e n ts th e L E s fo r T = 5
,

m = 2 a n d

寿 一 9
.

(2 ) A s Po r t ra ye d in F ig
.

2
,

t he L E sPe c tr u m ha s u n s ta ble n a t u r e in th e Ph a se sPa e e e x te n d e d

b y : = 3
,

w h ic h 15 c a u s e d
, a s in d ie a ted in

W
o lf( l9 8 5 )

,

b y th e d e
pe n d e n e e o f the e o o r d in a te e o m

-

Po n e n ts o n e a eh o the r in s u c h a s Pa c e a n d th u s th e e ha r a e te r is tie v a lu e s o bta in e d o f th e d yn am ie

s ys te m a re v a r ia ble
.
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F ig
,

4
.

R e la t : o n o f d̂, to 又
: w i th T = 5

,

m = 2 a n d n o 巧 e r e ta , n e d

(3) I f th e sPh e r e e e n te r e d a t x i c o n ta in s t o o fe w n e ig hb o r in g Po in ts to m e e t th e n e e d s o f

s ta t is t ic a l a v e r a g in g
, th e n t h e L E s a re v a r ia ble in m a g n itu d e

.

F ig
.

3 d e lin e a te s th e n u m b e r o f

n e ig hb o r in g Po in t s s < N < 15 in s id e a sPh e re fo r t = 5 a n d m = 2
.

(4 ) Fig
.

4 illu s tr a te s t he L E s Pe e tr u m fo r : = 5 a n d m = 2 b a se d o n th e r a w d a ta

(u n sm o o the d )
.

C o m Pa r is o n o f Fig
.

4 to F ig
.

la in d ie a te s t ha t th e s m o o th in g 15 o f h e lP b e c a u s e th e n o lse ln

th e s e ri e s e a n g iv e r ise t o th e in s t a b ility o f th e L E s ‘ v a lu e s
.

I V
.

C O N C L U SI O N S

I n v ie w o f the fa e t tha t S ha n gh a i a n d its s u r r o u n d in g s a re m a r k e d e lim a tie a lly by te n s o f

e ye lo n e s a tte n d in g
, e o n tr o l o f the s u b tr o Pie a l hig h la s t in g 3 0一 50 d a ys in s u m m e r a n d a u tu m n

a n d 3 to 5 Pr o e e s s e s r e la te d to tr o Pie a l c yc lo n e s e a c h ye a r ,

w e m a k e u se o f th e d a ily m e a n Pr e s
-

su r e d a ta s e t o v e r 19 7 0一 19 8 5 the re ,

d u r in g w h ie h w e r e r e e o r d e d 3 w a r m a n d 7 s e v e re w in te r s
,

a n d 5 c o o l a n d 4 sc o r e hin g s u m m e r s
.

F o r th e c o m Ple x w e a th e r一c lim a te s ys te m c o m Po s e d o f 5 0

m a n y w e a the r Pr o c e s se s it 15 n e e e s s a r y to fi rs t im Pr o v e o u r u n d e r s t a n d in g o f its d e v e lo Pm e n t o n

t h e w h o le in t he d yn a m ie re s e a r e h
.

E v id e n tly
,

the e x t r a e tio n o f th e L E s P e c tr u m o u t o f a tim e

s e rie s 15 a u s e fu l a PPr o a e h
.

Fr o m th e e a le u la tio n s d ise u s s e d a b o v e w e e o m e to th e fo llo w in g

c o n e lu s io n s
.

( l) A e o m Ple te L E sPe e tr u m in th e e x te n d e d Ph a s e sPa c e 15 P re se n te d b a s e d o n th e

S h a n g h a i Pr e ss u re se rie s fo r 19 70一 19 8 5 in te r m s o f the e o r r e la tio n m a tr ix a n a ly sis m e t ho d
.

a n d

s h o w s th a t L E s e a n b e la rg e r o r sm a lle r th a n , o r e q u a l to z e r o
.

Fo r a d is s iPa t iv e sys te m th e su m

o f th e L E s (艺兄
i) 15 k n o w n to b e < 0

,

in d ic a tin g th a t its ph a se v o lu m e 15 e o n tr a e ‘iv e in the e v o lu
-

tio n
.

T he Pr e se n e e o f Po s itiv e L E in o u r st u d y sh o w s the sho r t一te rm e v o lu tio n o f th e

w e a the r一c lim a te sy ste m to b e e ha o tie
, a r e su lt id e n t ie a l w ith tha t o f Y a n e t a l

.

( 19 9 1)
,

w hie h

Pr o v id e s a n e w fi e ld o f v isio n o n th e b a e k g r o u n d o f th e e v o lu tio n o f th e w e a th e r一c lim a te sys te m

in th e su b tr o Pie al hu m id e lim a te
.

(2 ) T he L E sPe e t ru m o b ta in e d fr o m th e Ph a s e sPa e e e x te n d e d by : = 5 15 q u ite s ta b le
.

A s

sho w n b y Y a n e t a l
.

(19 9 1)
,

this 15 t he e a se w h e r e the e o o rd in a te e o m Po n e n t s a r e in d e P e n d e n t o f

e a e h o th e r in th e sPa e e ,

le ad in g to s ta ble e h a ra e te r is ti e v a lu e s o f t h e sy s te m T h e o P tim u m L E
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sPe e tr u m 15 o b ta in e d w ith m = 2 in the T = 5 p ha s e s Pa e e
.

W
e h a v e

心 = 2 (dM一 l) fr o m (9 ) w ith

n , = 2
.

T his 15 e lo s e to th e re la tio n o fth e in te g e r fo r the r ela ted d im e n sio n a lity to b e elo s e s t to the

sa tu r a tio n in s e r t d im e n sio n , a s s ho w n in T a b le l o f y a n e t a l
.

(19 9 1)
.

(3 ) T a b le 1 g iv e s L E v a lu e s o f a c o m p le t e sPe e t ru m
,

in d ic a tin g tw o Po sitiv e , o n e z e r o a n d

s, x n e g a tiv e v a lu e s ,

w it h th e s u m o f th e p o sit iv e (艺几
,

) b ein g 0
.

llo4 0 5 fo r the b o d ily d ila ta tio n

o f the s ys te m
,

in a g r e e m e n t w ith the K o lm o g o r o v e>i
tr

O Py

(R u lle ,

19 8 3 ) 15 天 主艺只 一 0
.

1 104 0 5
.

T he in ve r s e o f K

K o b ta in e d
.

T he r e fo r e ,

th eir r ela t io n

is T = l / K, a m 弓a su r e fo r e s tim a tin g

the p r e d ie ta b le tlm e s e a le o f the sys tem
, a n d T = 9 d a ys ha s b e e n fo u n d o u t in o u r Pr e s e n t

s tu d y
.

a n o u tc o m e q u ite e lo s e to th a t o b t a in e d b y the d yn a
而

e 一s ta tistic a l te e hn iq u e a n d t o th e

e n tr o Py d ire e tly e x t ra e te d fr o m the s e r ie s u s ed (Y a n e t a l
. ,

1 99 1)
.

(4 ) L E 15 th e q u a n tit y to d e s e r ib e the r a te o f th e o e c u r r e n e e o r d isin t eg r a tio n o f in d efi n ite

fa e t o r s o f the s yste m
.

T he in itla l u n d e te r m in a n e y d e Pe n d s o n the m a x im u m L E (又m a x

) fo r its r a te

In c o v e r in g the w h o le a ttr a c t o r a n d 5 0 d o e s th e tim e w he n the Pe rtu r b a tio n o ft he a tt ra e to r 15 o n

the v e r g e o f d ls a p Pe a r a n c e o n 兄rn ln
.

It 15 c le a r fr o m Fig
.

I tha t 只m a 、 a n d 只m i。 a re k ePt u n eh a n g ed

a lth o u g h th e n u m b e r o f L E s in e r e a se s w ith g r o w in g 寿
a t it > 9

, sh o w in g tha t th e v a lu e s o f o u r

L E s Pe e tr u m a re r e lia b le
.

1t 15 e n e o u r a g in g th a t w e g e t sim ila r re s u lts fr o m the s a m e s a m Ple u s e d b o th in Y a n e t a l
.

a n d th ls a r tic le ,

in d ie a tin g the u s efu ln e s s o f th e m e tho d s w e a PPly
.

In the fo rm
e r e a s e th e r ela ted

d im e n s一o n a n d K o lm o g o r o v e n tr o Py a r e fo u n d o u t b y a d ir e e t e o m Pu ta tio n w hile in th e la tt e r

the L E s Pe e tr u m 15 e x tr a c te d d ire e tly fr o m th e se rie s b y m e a n s o fth e e o r re la tio n m a tr ix a n a lysis
.

M o re lm P o rt a n t
,

th e sho r t一te rm w e a the r e v o lu tio n o v e r th e a re a o f sha n g ha i is re a lly o f eh a o tie

fl a tU re

F ra c tio n a l d im e n sio n ,

L E sPe c tr u m a n d K o lm o g o r o v e n tr o Py a re ee n t ra l q u a n titie s in the

stu d y o f e ha o tie m o tio n s
.

A eh a o tie m o tio n 15 sh o w n a s a s tr a n g e a ttr a c to r w hi e h 15 a se t o f lim
-

1ts o f lo w 一d im e n sio n a l Ph a s e sPae e 50 th a t a d e fi n ite d iffe
r en tia l e q u a tio n o f a lim ite d n u m b e r

o f v a r ia b le s c a n b e u s e d t o m a k e a fo r e e a s t o v e r a m e a n Pe r io d w ith r e sPe c t to the w e a th e r sys
-

tem e v o lu tio n o f th is so r t
.

Sin e e a eh a o tie m o tio n 15 se n sitiv e to in itia l e o n d itio n s su e h fo r e e a s t s

m u st b e e o n fi n ed w ith in a c e r ta in s c a le o f tim e
.

Fo r tho se b eyo n d t he lirn it a Pr o e ed u r e o f sta tis
-

tie a la n a ly sis h a s t o b e a PPlie d
.

R E F E R E N C E S

E e k m a n n
,

P
.

e t a l
.

(19 8 6 )
,

L ya P u n o v e x Po n e n t s fr o m tim e s e r ie s
,

Phy
s五 e v工e t

.

,

3 4 : 4 9 7 1一4 9 7 9
.

L u a n R u w e , (19 8 4 )
,

L in e a r A lg eb r a
,

H ig h e r E d u e a tio n P r e ss
,

p P 2 3 7一 24 2 (in C h in e s e )
.

Pe n g Y o n g q ln g
,

Y a n Sh a oJ 一n a n d W a n g Jla n z h o n g (1 9 8 9 )
,

C o n t in u a tio n o f l一D elim a tie tim e ser ie s a n d d e t e r m in a tio n

o f d , m e n s , o n o f t h e a tt r a c t o r o f a e h a o t ic m o tio n in th e e x t en d ed Pha s e sPa e e ,

Tr OP
.

M
e re o r ” 5 : 9 7一 10 4 (in

C h ln e s e)
.

P R C C e n r ra lM e te o r o lo g ie a l B u r e a u (1 9 8 6 )
,

19 7 0一 19 8 5 D a
il, 尺e c o r d of s u

Ffa
e e E 抢m e n rs

.

R u lle
,

D (19 8 3 )
,

F lv e tu r b u le n t Pr o b lem s
,

P h夕s ie a
,

7 D : 4 0一4 2
.

S a n o
,

M
.

a n d S a w a d a
,

Y
.

(19 8 5)
,

M e a s u r e m e n t o f th e L yaP u n o v sPe c t r u m fr o m a e h a o s tim e s e r ie s
,

Pllv
s

.

R e v L e t
.

,

5 5 : 10 8 2一 10 8 5
.

W o l〔A
.

e t a l
.

(19 8 5 )
,

D e te r m in i n g L ya Pu n o v e x Po n e n t s fr o m a t im e ser ie s
,

Phv
s ic a

,

16 D : 2 8 5一 3 1 7
.

Y a n Sh a OJ 一n
.

P e n g Y o n g q 一n g a n d W
a n g Jia n z h o n g (19 9 1)

,

D e te r m in a tio n o f th e K o lm o g o r o v e n tr o Py o f a e h a o t ie

a tt r a c t o r In c lu d ed in t h e o n e一 d im e n sio n a l tlm e s e r ie s o f m e te o ro lo g ie a l d a t a
,

A A S
,

8 : 2 4 3一2 50
.


