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A N UM E R ICAL ST U D Y ON TH E IN T E R A NN U AL T 1M E
-

S CAL E L O W
一

FR E QU E N C Y O S CIL L A T IO N

M a J i, ,g x ia n (马镜娴)

N a n
jin g 11飞s titu te o f M e te o ro lo g y

,

N 益nj in g

R e e e iv e d S e Pte m b er 17
,

1 98 9

A B S T R A C T

L o w
、

fre q ue n e y
osc

illa tio n (LFo) o f a la rg e
.

“, le n o w Pa tt
ern 15 a n im p o rtant o bse rv a tio n a l e ha ra ete ris tie

fe a tu re
.

In thi s p a p e r
, u n de r the fo rd n g o f a n n u a l pe rjo d ie va ria tion a tw o ‘

lay er q u a oi
一

罗
o s tr o p h ie lo w

-

sp e ct r u m m
o d el 15 u se d fo r

car ry ing
o ut a Pro lo n罗d nu m e r ica l如te gr ati on o f m o re th a n 30 m o d e l 界a rs

.

In
the m o d e l a tm o sPhere

,

th e in te ran n u al time
一sca le LFO 15 im Pli elt】y re Pro d u ce d

.

T he re s川t 15 q u ite a

脚ea ble

w ith the o bse r va tio n a l e vjd e n c旧
.

1
.

IN T R O D U C TIO N

T li e fl o w Patter n o f the la r ge
一
sc a le a tm o sPhe ric m o tio n a n d the e ha n ge o f re g io n al w ea the r

elem en ts w ith tim e n o t o n ly h av e q u a si
一

thre e
一

w ee k L FO bu t a lso sh o w o b vio u s in ter a n n u a l

v a ri a tio n ,

i
.

e
. ,

th e in ter a n n u a l tim e
·
sea le LFO

.

Q
u ite a fe w statistiea lr u les o f the la tte r a re n o w

w id ely u sed in Io n g
一r a n g e w e ather fo re ea stin g a n d g re a t im Po r ta n e e ha s bee n a tta eh ed to its

fo r n ia tio n m eeh a n ism
.

T his 认
‘

111 e er t川n ly Pr o v id e a th e o r e tie al b asis o f dyn a m ie s fo r the

e o r re sPo n d ing fo r ee astin g tec hn iq u e s
.

T h e in te r a n n u a l v a ria tio n o f a w ea the r c lem e n t
,

fo r e x a m Ple
,

the Pr ess u r e o v e r the ea r th
’s

s u rfa ee
,

15 o

fte
n c ha r a eter ize d by the sta n d ar d d ev ia tio n o f its see u lar tim e ser ie s ,

w h ich v a ri e s

w ith Pla ce
,

th u s e a u sin g d iffe re n t ge o g ra Phiea ld istr ibu tio n s o f its in te ra n n u a lv a riatio n
.

T h e se

d istri b u tio n s fo rm e d ha v e fi x ed Pa tte rn s , r efl eetin g the o b ser v a tio n a l fe a tu re s o f its illt er an n u a l

v a r ia tio n
.

M a n ab e a n d H a h n (19 8 1) in teg r ated 1 8 m o d el ye a rs by u sin g a g lo ba l lo w心so lu
-

tio n sPe c tr u m m o d e l
,

w hieh izzv o lve d
,

g iv e n th e sea su

rfa
ee tem Pe r atu re , o n ly the striet h ea t

s o u r ee fo rci n g o f a n n u al Per io d ie v ar ia tio n o the r tha n a n y in ter a n n u a l v a ria tio n o u tsid e the

s o u r ee
.

Th
ey n o t o n ly sim u la ted th e d istribu tio n o f the Pr essu re o ve r th e ea r th

’5 su
rfa

ee ,

bu t

a ls o su ee essfu lly d lJPlic a te d the lo g ie a l sPa tial d istr ib u tio n o f its in te ra n n u a l v a ria b ility
,

i
.

e
. ,

the sta n d a rd d ev ia tio n
.

A n o the r o bser va tio n a l fe a tu r e o 全the in te r an n u a l va r ia tio n 15 tha t in

so m e ye ar s a c li a ra c ter istic fl o w Pa tte rn , su ch a s th e w in te r blo ek in g Pa tter n
,

15 51而la r to the

a v erag
e sta te o f e lim a te w he re a s in o the r yea r s a fl o w Pa tte rn m a y d e velo P a b n o rm a lly

,
e au sin g

e o n sid era ble d i跳re n c e be tw ee n yea r s
.

S im ilar ]y
,

L a u (
se e H o skin s

an d Pe a ree
,

19 8 3) int eg ra
-

ted 1 7 3 /4 m o d el yea r s fo r th e G FD L g lo b a l m o d el o n ly u sin g the sea so n a l fo rc in g o f a n n u a l

v a riatio n w itho u t in tro d u ein g the fo rc in g o f a n y o the r tim e eo m Po n en ts
.

T h e r esu lt sh o w s

tli a t the w in ter blo e k in g Pa tte r n d ev elo Ps ab n o rm a lly in c e rta in m o d el yea r s
.

T h is stu d y h o ld s tha t fo r the in ter a n n u a lv a r iatio n in the re a l a tm o sPh ere
,

fr o m the vi ew
-

Po in t o f o b se r v a tio n ,

the re a re tw o im Po r ta n t o bse rv a tio n al fa ets w hich a re n o te w o rt】ly in

a d d itio n to th e g e o g ra Phic al d istr ibu tio n o f the sta n d a r d d ev ia tio n a n d the a bn o r m a l
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d ev elo Pm e n t o f the fi o w Pa tte rn in e erta in ye a rs
.

a n d th e eha n g e o f w e a ther elem en ts w ith tim e

o n e 15 tha t b o th the lar g e
一 sea le flo w Pattem

a r e o ft en fe a tu re d by

m e a su re d in ye a r
.

T he o the r 15 tha t the Per sisten e e o f the a b n o rm a l flo w

in te r
an

n u al v a r ia tio n
.

the q u a si
一

p er io d ici ty

Pa tter n o ft e n show
s

In v ie w o r th e fa e t

fo re e a stin g
, ejth e r t o the

tlla t tlze tw o o b se rv a tio n al fe a tu l
·

es a re e lo se ly r ela ted to o Pera tio na l

e x tr aP o la ted fo re ea s tin g o r t o the sea re hin g o f th e fo r e ru n n e r in the

ea r ly sta ge o f a b n o r m a lity
, a n u m e r ie a l stu dy w ill be m ad e o f the ir fo rm a ti o n

.

First o b ser v a -

tio n a lev id e n e e o f Per io d ieity a n d Pe rsisten ee w ill b e g iv en an d th en a eo m Pa riso n w illb e m ade

b e tw e e n th e n u m e riea l in te g ra tio n a n d the o b ser va tio n al ev id en e e
.

11
.

O BS E R V A T IO N A L E V ID E N C E O F P E R IO D IC IT Y AN D PE R SIS T E N C E

U sin g the d a ta o f the sPher ie a l e o effi eien ts A : a n d B 尝 o f the 50 0 hPa m o n thly

h eig ht fi eld (Shi e t a l
. ,

19 8 5)
,

w e o bta in

川 + b

D
‘, 一艺 艺〔(A :

.
‘ , 一 A :

,
。

,

z)
’ + (B 毋

,
‘

.

] 一 B 言
,

。
.

, )
’

〕
,

n le a n

( 1 )
几 = 附 m = 0

w h er e 艺= 5 6
,

57
,

⋯
,

6 6
,

6 8
,

⋯
,

7 4
,

j= l
,

2
,

⋯
,

12
,

艺= 0 rep re sen ts th e sp her ic a l e o effi eie n t

in 19 6 7
,

D
‘2 r ePre sen t s tlle 、im u la r ity o f the m o n thly m ea n h eig ht field(Ja n u a ry thr o u g h D e -

c e m b er) in the ye a r s o f 19 5 6一19 6 6 a n d 19 6 8一19 7 4 to tha t in 19 6 7 (w h en D
‘] re a c hed its m i

-

, lim u m
,

th e tw o fl o w Pa tter n s a r e m o st sim ila r)
,

川 15 the n u m b e r o f w a v es sp rc a d z o n a lly
, a n d

(, :

一
,
)/ 2 1

5 tlie n u m ber o f w av es sPre a d m erid io n a lly
.

It is g en er a lly be Iiev ed tha t m o st o f the

se
cu la r v a r ia tio n o f the atm o sPhe rie m o tio n 15 d u e to th e Pla n e ta ry

一 se ale a c tio n o f ex tr a
一

lo n g

w av e s , e te
.

(See B r u n ,

19 8 5)
.

H e n c e he r e W e ta ke z o n a l w a v en u m b e r o n ly u P to m 二 4
.

F o r th e Pu rPo se o f r ed u c in g the in fl u en c e o f the a n n u a l v a r ia tio n o f D ‘2 o n the a n a lysis

re su lt a fter D
‘1 h a s b een d eter m in ed

,

w e ha v e c aleu la te d th e sec u la r m e a n v alu e 刀1 o f D
‘j

(Ja n u ary thr o u
gh D ee em b e r) in the 19 56一 197 4 p eri o d an d le t D 叮z = D

‘j/刀s
, o b ta in in g

D : 一 〕/
1 2

·

D : r·fl二‘S ‘h · d ·。r。一f ‘h· g

一
, S‘m ·,一“y 。“h· , 0 0 h p · h·‘g h‘

D
l2艺

fi eld in the ith ye a r (i= 56
,

5 7
, ,

二 ,

6 6
,

6 8
,

⋯
,

74 ) to tha t in 19 6 7
.

T he m a x im u m (而
n im u m )

o f D : in d ie ates the lea st (m o st) sim ila r ity o f tlle fl o w Pa tte rn in the ith ye a r t o th at in 19 6 7
.

It 15 fo u n d tha t in 19 6 0
,

19 6 3
,

19 6 6
,

19 6 9
,

19 72 a n d 19 74
,

D : re a ehe d its m a x im u n : a n d in 19 6 1
,

19 6 4
,

196 7
,

19 70 a n d 19 73 (
a t a ,

b
, e ,

d an d e in Fig
·

l)
,

D : r e ae he d its m in im u m
.

T h is

su g g ests th a t th e 50 0 h Pa he ig ht fi e ld s in 19 6 1
,

19 6 4
,

19 6 7
,

197 0 an d 19 73 ar e
rel a tive ly ra ther

sim ila r to e a ch o the r ,

in o ther w o r d s , a sim ila r flo w Pa ttern w o u ld o ec u r o n ee in ab o u t thr ee

ye ar s ,

in d ie a tin g tha t th e fi o w Pa tte rn h a s a th re e
一

yea r o seilla tio n
.

1乏岛6 0 1 9 7 0 Y e a r

F 19
.

1
.

V a ria tio n w itli tim e
.
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T he Pe rio d ieity o f the flo w Pa tter n v a r ia tio n m ay i曲
u e n ee th e ch a n g e o f re g io n al r a in fa ll

w ith tim e
.

T w elv e r ePre s
en ta tiV e sta tio n s (Zh

a n g ye
,

X in in g
,

w u w ei
,

L a n 乙ho u ,

Yin e hu a n ,

T o n g x in
,

T ia n s hu i
,

Y a n
, a n

,

X i
,
a n ,

Y u n e hen g
,

T a iy u a n a n d D at o n g ) h a ve b ee n eh o se n fr o m th e

se m i
一a rid a r e a s o f C hin a fo r ca lc u la tin g the Perce

n ta g es o f th e a n n u a l Pre eiPi ta tio n a n o m alies

fr o m 19 5 1 thr o u g h 19 8 0
.

A fte
r av er a gin g the v alu e s in the re eo r d s fr o m the tw e lv e sta tio n s,

we
o bta in the pe rce

n ta罗5 o f tli e r eg io n a l m e an yea rly r a in fa ll a n o m a lies R
,

(i= 5 1
,

5 2
,

⋯
,

8 0)
.

A s sho w n in Fig
.

2
,

th e e ha n ge o f尸 , wi th time in d ica tes tha t there wa
s ex ce ssive r a in in 19 58

,

1 96 1
,

19 6 4 a n d 19 6 7 (a t a ,

b
,
e a n d d in Fig

.

Za)
.

E v id ent ly
,

in the Pe rio d o f 19 5 8一 19 67
, a

r a in y ye a r w a s ex Perien ce d eve ry thr ee yea rs
.

T h is a lso qui te a gr e es w ith the th re e一yea r 0 50 11
-

la tio n o f the 50 0 hPa fl o w Pa ttem v a ria tio n in the N o rthe rn H e m isPhe re (F ig
.

l)
.

It 15 see n

fr o m lhe sea s o n a l d istr ib u tio n o f the thre e
一

界a r o seillat io n tha t Pre eiPita tio n in M a y a n d Ju n e

sho w ed
.

m o st n o tice a ble th
ree- ye a r o seilla tio n 江u et a l

. ,

1 98 2)
.

M o r e o ver ,
th e th ree一e a r

o se illa tio n 15 al s o fo u n d in th e d ro ug ht
·

no o d gr ad
e se ries d u rin g the Pa st 4 0 0 ye a rs

(L
u o et a l

. ,

19 8 2 )
.

T hu s ,

it e a n be
be lieved in th e lar g e

一
seal e flo w Pa tte rn an d th e e ha ng

e o f r ain fa ll

w ith tim e in so

me
se m i

一a ri d a re a s ,

the q u as i
一

three
.

yea r o sci lla tio n 15 m o st pro ba bly th e e ha ra e ·

ter istie sta tistica l ev id e n ee
.

In th is stu dy
, e m Pha si s w ill be Iai d o n the a n alysis o f w hether

the fi o w Pa ttern v a ri a tio n in th e m o d el at m o sP he 比 h as a th re e
一

a r o sci llat io n
.

比
、、、、

加勘
,
却气
。

姗
r

�次�叫

弓以
日

一壳一
M

‘洲l e l

到
_

乞
一 _
上

_

世
.

:
二洲

.

1 5 20 2 5 30

Y e a r

黝
诫

脚级

F ig
.

2
.

V a r ia t i o n o f R a n d D ‘。 w ith t im e
,

(a ) M
e a n va lu c o f the ann u a l Pr

eCI P i ta ti o n a n o m a ly

Pe r e e n ta g e R
.

(b) T he 2 50 hPa m o n thly d ista n c e fu nc tio n o f th e m o de l a tm o sPh讹 I n ju n e

D ‘。
·

T he p a ra m e te rs 口,

卜 0
·

0 5
,

0 ,

卜 0
·

0 2
,
口灸

。
一 0 , 0类

工

一
0

·

0 2 5
, 0忿

。 二 一 0
·

0 1 5 a n d

口芯
: “ 0

.

0 3 0一

Stud ie s hax, e b e e n m a d e b y W a n g ( 196 3 )
,

L i(19 6 3) a n d C he n
(19 80 ) o n the Pe rs is te n e e o f the

la rg e 一 se a le fl o w Pa t tc r n
.

I n s o m e ye a rs ,

fo r e x am Ple
,

in 19 60
,
e ircu la t io n o f high in d e x la st e d

a s lo n g a s s议 m o n ths ,

w he re as in o the r ye a r s
,

fo r e x am Ple
,

in 19 5 9
,

it o n ly la s te d o n e m o n th
,

a s sho w n in T a ble 2 o f the
】p

a Pe r by w
a n g (196 3)

.

T his s u g g e st s tha t the fl o w p a tt e r n a ls o sho w s

宜xx te ra n zlu a l va r ia tjo n in Pe r s is te n e e
.

A s fo r the s e a s o n a l v a r ia tjo n in Pe r s is te n e e ,

th e s u b tr o -

Pie a l hig h b e c a m e w e a k e n e d o r in te n sifi e d e ig h t tim e s in th e Pe ri o d o f 19 54一 19 75
,
s ix tim e s in

O e to b e r o r N o ve m b e r ,

in d ic a tin g tha t the s u b tr o Pic a l hig h te n d s to e h a n g e fr o m s tr o n g t o

we
a k o r v ie e ve r sa m o s t Pr o ba bly in a u t u m n (C h e n ,

19 8 0)
, a n d th e e ha n ge in th e w e s t w in d

in d e x Pe r s iste n e e als o o ft e n o c e u r s in the tr an s itio n a l s e a s o n (W a n g
,

19 6 3)
.

I n tlle n e x t s e c tio n ,

Pr 0 lo n g e d n u m e r ic a l in te g ra tio n w ill b e Pe

rfo
rm e d fo r the Z

一

la ye r

q u a s i
一

g e o s tr o Phic sPe e tr u m m o d e l
, a n d the Pe r io d ie ity a n d Pe r sis te n e e o f the fl o w Pa t te r n va r ia

·

t io 列 in th e m o d e l a tm o sPhe r e w ill b e a n alyz e d
.

111
.

PE R IO D I C IT Y A N D PE R SI S T E N C E O F T H E LA R G E 一SC A LE FLOW PA I
叫

T E R N I N T H E M O D E L

A T M O S PH B R E

B y w a y o f a lo w sP e e tr u m th e Z
一

la ye r q u a s i
一

g e o s tr o Ph ic m o d e l in the 刀
一

Pla n e 15
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tra n sfo rm ed to a n eq u atio n set h av in g the e o effi eien t o f sPee tr al e vo lu tio n a s a n u n k n ow n

fu n c tio n
.

T he g o v erni n g e q u atio n fo r th e Z
一

Ia ye r q u a si
一

g eo st ro Phie m o d e l in the 口
一

Pla n e 15

县
、

2

。
: ,

一
, (,

; ,

、
2

,
: + 尹 , )十 f

。

兽
一
K’0 (,

: 一 ,
3

)
,

“ ‘ 凸夕

( 2 )

、、,尹
苦�

、少甚
苦

n口
月

4
沙矛.、了‘‘、

雳
V

’

‘
3

一
‘(‘

3 ,

V
’

‘
3 + 尸 , , 一j0券

一 K ““厂 ‘
1

, 一 K “v
’

‘

一

分
J “

1 ,

“’
,

票( ,
, 一 ,

。

)一
, ( ,

2 ,

,
: 一 ,

3

) 一典矛。
2 十、码〔( ,

: 一 ,
3

)
* 一 ( ,

: 一 ,
3

) :
,

‘ 石 凸P

w h e r e a ll sym b o ls a r e e o n v e n tio n a l a n d the su b se riPt s 1
.

2 a n d 3 s ta n d fo r the 2 50
,

50 0 a n d 7 50

hPa le v e ls r e sPe e t iv e ly
,

A ft e r th e n o n 一

d im e n sio n ‘liz a tio n o f E q s
.

(2 )一(4)
,

le t

护
: 一 护+ 0

,

护
3 ~ 沪一口

,

沪
: ~ 必

,

(势
,

夕) =

h一 hK F ‘ ,

尹一 艺

艺 ( 沪
‘ ,

0
‘

) F
, ,

尹 F 、
.

su b s tit u tin g E q S
·

(2 )一(4) yie ld s the e q u a tio n s e t ha v in g p
‘ a n d 口

、 a s the u n k n o 。 , ,、 fu n e -

tio n s
.

F o r th e fo r m o f the e q u a tio n s, s e e p ap e r s (L u o ,

19 8 7 : M a e t a l
. ,

19 8 7)
.

T h e Phys ie a l Pr o e e s s e o n ta in e d in the Z
一

la ye r q u a s i
一

g e o s tr o Phic m o d e l ha s a z o n a l asym
-

m e tr ie he a t so u r e e
,

id e a liz e d la r g e to Po g r a Phy
, n o n lin e a r a d v e e tio n ,

d is s iPa t io n e
ffe

c t
, e t e

.

T h e sp e e tr a l e v o lu tio n e o e ffi e ie n t in t h e h e a t s o u r e e te r m 口李= 0节
。 + 0李

, e o s o t (i = A
,

K
,

C )
,

w h e r e th e te r m in v o lv in g c o so t 15 t h e te rm o f t h e t h e r m a l fo r e in g o f th e a n n u a l Pe r io d ie

v a ria tio n a n d the e ire u la r fr e q u e n e y o f th e a n n u a l Pe rio d ie va r ia t io n ,

15 一lse d to d e s c r ib e a PPr o -

x im a te ly t he a n n u a lv a r ia t io n o f th e s o la r ra d ia tio n
.

o t ~ 0
,
二 / 2

, 二 , a n d 3 二/ 2
r e Pr e se n t

w in te r s o ls tic e , ve r n a l e q u in o x , s u m m e r s o ls tie e a n d a u tu m n a l e q u in o x re sPe c tiv e ly
.

T h u s ,

th e tim e lim ita tio n to a ll th e m o d e l m o n th s e a n b e s e t
.

Fo r e x a m Ple
,

2
.

7 8 19 9簇口 t<
3

.

2 9 3 8 6 15 Ju n e in the fi 一s t m o d e lye a r
.

I n a d d it ;o n to th e Pe r io d ie ity o f a n n u a l va r ia tio n ,

the re

15 n o in te ra n n u a l e h a n g e in th e h e a t so u r e e a n d n o Pro e e s s o f a rt ifi e ia l in te ra n n u al v a r ia t io n 15

in tr o d u c e d
.

in to th e m o d e l
.

W ha t n e e d s to b e s tu d ie d 15 w h e th e r the m o d e l a tm o sPh e re a s a

n o n lin e a r sys te m o f fo rc e d d is sjPa t io n e a n sho w in te r a n n u a l v a r ia tio n w h e n e x e ite d b y the

t he r m a l fo r e in g s o u r e e o f th e s tri e t a n n u a l Pe r io d ie v a ria tio n
.

T w o Pro lo n g e d i li te g r a tio u s a r e Pe rfo r m e d fo r t he sPe e tr al e v o lu tio n , th e tim e fo r in te g r a -

tio n s b e il、9 3 ] a n d 6 1 m o d e l ye a r s r e sp e c tivo ly
·

T h e in itia l c o n d itio n 15 甲二 甲。 , = (o
·

0 6 7 6 0
,

0
.

0 0 0 0 1
,

0
.

0 0 0 0 0
, 一0

.

0 2 0 0 0
,

0
.

0 0 0 0 0
,

0 0 00 0 0
,

0
.

0 6 7 60
,

0
.

0 0 0 0 1
,

0
.

0 0 0 0 0
, 一0 0 2 0 0 0

,

0
.

0 0 0 0 0
,

O
·

0 0 0 0 0 )
,

w he r e 甲 = (沪
人 ,

劝
K ,

势
。 ,

功
。 ,

沪
、百 ,

势
、 ,

O
A ,

口K ,
O

L ,

口
。 , 0 、 ,

夕
N
)

·

Fr o m the r e s u lt o f the in
-

t e g r a tio rl w e o b ta in the 2 50 11Pa m o n th ly m e a n s tr e a m fu n e t io n fi e ld (Ja n u a ry t hr o u gh D e e e m
-

b e r
) an d u s in g th e m o n thly m e a n fi e ld fo r a ll the m o n th s in t h e th ir d m o d e lye a r a s the fi d u e ia l

fi e ld w e h a ve th e d is ta n e e fu n e tio n be tw e e n th e m o n thly m e a ll fi e ld fo r tlle e o rre sPo n d in g m o n th s

i n t h e fo u r th
,

fi ft h
,

⋯
,

thir ty
一

fi r s t o r s ix th
一

fi r s t ye a r s a n d th e fi d u e ia l fi e ld D ‘j (公= 4
,

5
,

⋯
,

3 1
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o r 6 1
,

j二 l
,

2
, . , . ,

12 )
.

T h e fe atu re s o f the in ter a n n u a l ch an罗 o f th e larse
一sc a le flo w p a ttc r n

in th e m o d el a tm o sPhe re e a n b e an al yze d fr o m the e
ha

n ge o f the d ista n ee fu n c tio n D
‘5 w ith

tim e
.

Fig
.

Zb sh o w s the eha n 罗 o f th e d ista n ee fu n e tio n D
, 5 w ith tim e in the m o n th ly m ea n

strc a m fu n etio n fi e ld o f Ju
n e

.

It c a n be see n fr o m Fig
.

Zb :

(l) T lle v alley v a lu e o f D
‘。 o ecur s in the 7 th

,

10 th
,

1 3th a n d 16 th In o d e l yea r s (a t

a ,

b
, e a n d d )

,

in d ie a tin g tha t the 2 5() hPa stre a m fu n e tio n fi eld s in Ju n e o f the 7th
,

10t h
,

13 th

a n d 16 th m o d e lyea r s a r e sim ila r to th a t in j
une

of th e 3rd m o d e lyea r , a n d the in te rv a ls b e twe
e zz

th e fo u r v a lley v a lu e s a re a ll thr ee year s
.

T ha t 15 t o sa y
,

in 7一16 m o d e lye a rs a sim ila r m o n thly

m ea n str ea m fu n etio n fi e ld w o ul d o

ccu
r e ve ry th re e yea r s

.

T his su g g e sts th at the la rg e一 seal e

flo w Pa tter n ha s a th re e 一

yea r pe
rio d ici ty in v a ri ati

o n
.

(2 ) Jn th e 17 th一3lst m o d ej yea rs
,

th e thre e少ea r o sc illa tio n 15 n o t o b v io u s , sh o w in g th at

th e p erio d ieity h a s eha n 罗d in th e time
seri e s

.

Th is 15 simj la r to th e o b se r va tio n a l e vid e n c e

sho w n in Fig
.

Za
,

w he re th e thr ee
一

ye ar pe ri o d ie ity wa
s d ir u Pte d a t the beg in n in g a n d en d o f

th e 19 7 0 5
.

(3) It 15 知
o w n fr o m th e ex p e ri e

nce in fo r ec astin g tha t in a p e rio d w hen th e th re e 一

ye a r

p er io d ieity in r a in fa ll 15 di sru Pte d
,

ev ide n ce o f the th ree
一

ye a r o sci lla ti o n e
an

still be see n
.

Ta ke Fig
.

Za fo r e x a m Ple
.

Th
e ”a r o f 19 6 7 w a s the Pe

ak ”ar o f Pree ip itat io n
.

A c eo rd in g

to th e thr ee
一

界a r Pe ri o d id ty
,

19 70 w o ul d also be the pe a k ye a r
,

B u t it w as n o t
.

T his m e an s

tha t the thr ee
一

ye ar
pe ri o di e ity wa

s d isr u Pted
.

H o w eve r,

19 7 3
,

the fo llo wi n g pe ak ye a r ,

wa
s

o b se r v ed in sPite o f th e d isr u Ptio n o f the thr ee
一

ye ar Perio d ici ty
.

W e kn o w tha t wi n d o w s o f

th e thr ee
一

yea r o r six
一

卯a r Peri o d ie ity o
fte

n o c eu r in a ch a o tie a re a
, 51而la r in a PPea r a n ee to th e

situ a tio n h ere
.

T his n eed s fu rther stu d ies
.

Fro m the r esu lts o f n u m erie al in teg rat io n in this

Pa 拌 r, in three
yea r s a ft er 1 6 m o d el yea r s,

the v alley v a lu e d o es n o t o ee u r in the 19 th m o d el

yea r
.

111 a PPe a限n e e ,

the thre e一ye a r Per io d je ity 15 d isr u Pte d
,

bu t th r ee ye ar s a ft er th e 19 th

m o d el yea r (a t e)
,

i
.

e
. ,

in the 2 2n d m o d el yea r (a t f)
, a n ew v a lley v a lu e o cc u rs

.

It 15 a ls o tr u e

fo r th e e a se o f th e v a lley v a lu e in the 2 8th m o d e lyea r
.

T his a g re es w ith the c u r ve o f the Pr eei
-

Pitatio n e v o lu tio n sh o w n in Fig
.

Za a n d the ex Peri e n ee in fo ree a stin g
.

0
.

4

�甲。忿~ 0
.

甲

里
。

10
-

月 - -」一J es一曰‘一J ~ 一盛

15 20

Fi g
.

3
.

P e r i o d o 盯a m o f the d is ta n e e fu n e ti o n D

4 th 一 6 1 st m o d e l界a rs T h e Pa ra m e tel. s ·

: (
a ) I n th e 4 th 一4 3 rd n l o

dc l ye a r s , a n d (b ) in the

一 0
.

0 5 ,

口二= 0
.

0 2
,

口井= 0

”

七

0 1 0

夕土
,

= 0
.

0 30()
.

T he o rd in a t e 15 th e i n te n sjtV s a u a re a n d the a bs c i ssa the
、 曰 . ~

‘ .

岭
: = 一0. 02 5,6 丢

。 二刁 .01 5,

peri od (ye a l.).

T h e e h a n g e in Pe r io d ie ity c a n b e m o re e le a rly s e e n fr o ln th e re su lt o f the Pro lo n ge d n u me ri
-

e a l in te g r a tio n o f 6 1 ye a r s
.

w 主th the v alu e s o f the 2 5 0 l1Pa m o n thIy m e an s
tre a m fu n e tio n fi el d

(fr o m Ja n u a ry th ro u g h D e e e m b e
r)

o v e r the ye a r s
,

the d is ta n ce fu nc tio n be twe e n the m e a n fl o w

fi e ld o f Ju ly a n d th e fi d u e ia lfl o w fi e ld D * :

( i = 4
,

5
,

⋯
,

6 1) e a n be d e te rm in e d
.

T he n two
a n a -

lys e s o f Pe rio d ie ity a re m a d e fo r t h e tim e s e r i e s o f D
i : ,

o n e in the 4t h
一

4 3rd m o d e l ye a r s a n d
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.

4

the o th er in the 4 th
一

6 1st m o d el yea r s
.

T h e re su lt 15 th at th e sev en 一

yea r Pe rio d ici ty 15 o bv io u s

in th e fo rm er (Fig
.

3 a) b u t 15 n o lo n g er o bv io u s in th e la tte r (Fig
.

3 b)
.

T his su gg ests tha t in

th e o u tPu t o f 6 1
一

yea r in teg ra tio n ,

the se ve n 一

yea r Per io d ieity 15 ev id en t in th e eha n ge o f tlle m o n -

thly m e an fl o w fie ld o f Jlln e w ith tim e d u r in g the fi r st 4 0 ye a rs o r 50 b u t 15 d isr l主Pted later
.

B a sed o n th e m o n thly m ea n fl o w fi eld fr o m the o u tPu t o f the ab o v e 3 1
一

ye a r in teg ra tio n

a 一l d ta kin g the fl o w fi eld a t w in te r s o lstie e o f the fi rst ye a r a s the fi d u eia l fi eld
,

w e o b ta in the

d ista n e e fu n etio n b etw e en th e m o n thly fl o w fi eld a n d the fi d u e ia lfl o w fi eld
, a n d the n the see u la r

m ea n v a lu e o f the m o n th ly d ista n e e fu n c tio n (Ja n u a ry th r o u g h D ee em b e r) a n d its a n o m alie s
.

It e an b e se e n fr o m the a n a lysis o f th e m o n thly a n d ye a rly eha n g e s o f th ese a n o 一刀 alie s tll a t :

(l) T he Per siste n e e o f the eir eu la tio n a b n o rm a lity ha s in ter a n n u a l v a r ia tio n
·

In the sth m o d e l yea r ,

fo r e x a m Ple
,
the n eg ativ e a n o m aly Per sists fr o m Ja n u a ry thr o u g h

O e to be r w h er ea s in th e 2 0 th m o d elye a r b o th Po sitive a n d n eg a tiv e a n o m alies la st 一1 0 n i o r e tha n

tw o m o n th s in the Per io d
.

(2 ) T h e Per sisten c e o f the e ir eu la tio n a b n o r m a lity 15 e asily d isr u Pte d in tlle t ra n sitio n a l

S ea SO n
。

T he c o rr e la tio n eo e ffi eie n t s o f these a n o m a lie s b e tw een th e n eig hb o rin g m o llths e a n be

e a leu la ted fr o m th e a n o m a lie s o f the m o n thly d ist a n e e fu n e tio n (Ja n u a ry thr o u g h D ec em b e r)
o f th e 3 1

一

yea r in t e g r atio n
.

T he s e e o r re la tio n e o effi eie n ts r efi e et the Pe r sisten ee in th e In o n ths

o f c ir e u la tio n a b n o r m ality
.

It 15 fo u n d tha t the g rea te r th eir Po sitiv e v a lu es ,
the b e tte r th eir

Per sisten c e ,

w he re a s the ir n e g a tiv e v a lu es in d iea te th a t the e ireu latio n a b n o rm a lity ea n n o t

Per sist
.

T h e re su lts a l
,

e sh o w n in T a ble 1
.

It 15 seen tha t th e e o r re la tio n eo effi eien ts (r) a re

Ta ble 1
.

C o r re la tio n C o e ffi cien ts (r) o f the D ista n ee F u n etio n (拓)

M o n ths J一F F 一 M M 一A A 一 M M 一 J J一J J一A A 一 S S 一 0 0 一N N 一D D 一 J

99 3 8 1 8 一 4 4 6 3 7 4 6 1 9 8 5 6 一 2 9 9 8 8 7

n eg a tiv e in A P x
t

ll一M a y a n d O et o b e r
一N o v em b e r ,

izld iea tixlg tha t g e n er a lly the e ire u la tio n

a b n o r m a lity ea n n o t Pe r sis in th e tra lzsitio n a lse a s o n
.

T his 15 q u ite e o in eid e n t w ith the re su lts

o bta in ed by W a n g (19 6 3) a n d C lle n (19 80 )
.

IV
.

D IS C U SS IO N

T he la rg e 一 sea le
』

fi o w Pa tte rn a n d tll e e ha n g e o f w ea th er e le xll e 一its w ith tim e in the r ea l

a tm o sPh er e o ft en sh o w Pe rio d ie ity a n d Pe rsiste n ee
.

A s sta tistiea l law s the se eh a ra e ter istie

fe a tu re s fi n d w id e a PPlie a tio n in Io n g
一r a n g e an d e lim a tie fo r ee a stin g

.

T hu s ,
the in her en t Phy

-

5iea l m ee ha n ism o f the se la w s ha s se t a q u e stio n o f dyn a m ies o f the lo n g
一

ter m w e ather Pr o ee ss

a n d 15 w o r th tho r o u g h stu d ie s
.

N o o ther fo r c in g so u re e o f n o n 一a n n u a l Per io d ie v a r ia tio li h a s b ee n ta k e n in to a e eo u n t

a Pa r t fro m th e h ea t s o u re e o f the a n n u a l Pe rio d ie v a ria tio n
.

H o w ev e r ,
th e m o d el atm o s

Pll
e r e

ea n stillsho w q u ite e lea rly the fe a tu re s o f th e in ter a n n u al v a ria tio n
.

It see m s tha t the d yn a m ie s

w ithin th e atm o sPh er e 15 a ble to e xc ite o se illat io n w h ie h 15 lo w er than the
o seilla tio n fr eq u enc y

o f the fo rein g so u r ee
.

T his 15 o n e o f the re a s o n s fo r the in te r a n n u a l v a r ia tio n
.

T he ex ter n a l fo r ein g so u re e o f n o n 一a n n u a l p er io d ie v a r ia tio n m ay e x e r t a e o n sid e 一a b le

e
ffe

e t o n the m o d el a tm o sPhe r e
.

H o w d o e s the d yn am ie s w ith in the atm o sPh ere b e ha v e

a ft e r the ex te r n al s o u r ee 15 in t r o d u c ed ? W e w ill c o n tin u e o u r stu d ie s o f the q u estio n
.
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In this stu dy
,

th e q u a si
一

thr ee
一

ye ar lo w
一

fre q u en ey o seilla tio n o f the m o d e l a tm o sPher e 15

m a in ly d ise u ssed
.

In the r ea l a tm o sPh ere
,

ho w ev e r ,

th er e e x ist o the r tim e sea les
.

Fo r e x a m
-

ple
,

th e tw o 一

y ea r a n d fi v e
一

ye ar OSC illa tio n s ha ve n o t bee n d ea lt W ith
·

M o re o v er
,

the 户pla n e

a p p r o x im a te ly sets a Iim it to the a bility o f th e d e se ri Ptive w a ve a etio 一1 o f the m o d el to Pr o
Pa

-

g a te in the m er id io n al d ire etio n
.

T his 15 n o t a s g o o d a s th e a n a lysis u sin g the sPhe rie al e o o r-

d in ate m o d el
.

W
e w ill e o n tin u e to stu d y the se q u estio n in d u e tim e

.

R E F E R E N C E

B r u n ,

T
.

(198 5 )
,

C o n t一ibu tio n o f lin ea r a n d n on linc a r p ro ce sse
s to the lo n g

一

te r m v a r ia b ility o f la rg e
·sc a le a t

-

m o sPhe rie fi o w s ,

J. A t洲陀0 5
.

Sc i
. ,

42 : 2506 一2 522
.

C he n X in g fa n g (1 9 80)
,
T li e pre li而n a尽 stu dy o n eh a n gc o f , ubrro pie a l he ig h in a u tu ln n ,

及丫
.

才t,,l 盯
.

肠
z

ica
,

4 :2 7 6 一 2 8 0 (in C h ine se)
.

H o s k in s
,

B
.

a n d Pe a r ce
,

R
.

(19 83)
,

L a

rge
·

及口距 DJ
,

na m ic a l 子, o Ce s压es i, ,
the A tm o塑he , .e

,

A ea d e m ie Pre ss ,

PP
.

1 1 1一 1 2 5
.

L i X ia o q u an (1 9 6 3)
,

S o

me
c h a ra c ter istiCS o f s加hPa d rc u la ti on in de X ove r As ia

,
A eta M亡t

.

s动ica
,

3 3 : l一 1 4

(in C h ine se)
.

L u o Z he x ian
,

H u X in lin g a n d Li“ r怡x ia n g (1 982)
,

氏r i记七曲a ra c terlstiCS
,
6妙“动

口“人介了
. ,

1 :3 8 一42 (in Ch in e se)
.

L u o Zhe x ia n (19 87)
,

A b ru Pt eha n 朗 of no w Pa tte m in ba 全倪lin ie a tm o sPherc fo r戊d b y jo in t e旋e ts o f d iaba
-

tic he at in g a n d o ro砂a Pb y
,

A dy口月 ce s in A t阴o sP he喻 SC如ces
,

4 : 1 38 一144
.

M a Jixlg心an an d L u o
Zb 雌ia n (198 7)

,

A br 叩t c ha n g es o f 日ow 那tte r”5 in A si a d u rin g Ju朋 an d Oc to 比r by

o ro gr a汕y an d 沐rio d ie the rm al fo rein g s
,
A c ta 几4诊t

.

s初ica
,

45 :43 7 一44 2 (in C hine s e)
.

Man a be
,
5

.

an d H a hn
,

D
.

G
.

(198 1)
,

Sim u la tio n o f a tm o sPhe rie v a ri a bility
,
翔肠月

.

卜凡a
.

R e v
. ,

109 :22 60 一 2 286
.

S加 Jiu ,eD
,

Zh
o u 令 n fa n g a n d M a H ua i‘u n (1 9 8 5)

,

几‘刀口了口 叼fSP her ic 0 ICO 叹历七ien ts a n d Pll.1 省
l’ca l几4亡a翎res fo

r

5(X )h 尹公 几伦口月 八盛〕I了rhly Fi 七ld in NO
rth er n

He m isr he re
,

19 51 一 19 82
,

C hin a Me te o r
.

P ros s,
1 9 3PP

.

(in

C h in e se)
.

W 自n g S ha o w u (1 96 3)
,

A p relim in a ry stu dy on th e e ha r ac ter istie s a n d m e a n m o n th ly e ire u la tio n
,
1

.

z o n a l in d e x
,

A era 入了亡t
.

5 11 :ic a ,

3 3 :36 1 一 37 3 (in C h in e se )
.

X u G u o eh a n g an d D o n g A n x ia n g (19 82)
,
T he q u a si

一
th re e ·

)rc a r pe
r io d o f Pre e iPita tio n in the we st o f C h in a

,

尸了d ,e a l, 几了亡r
. ,

1 :1 1一 1 6 (in C h in e
均

.


