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In o rd er to e o 一飞sid e r b o 毛h tlle d e tc r zllin istic a n d the s to e lla stie Pro p e rty o f a tn l o s phe
r ie m o tio n sim u l

-

ta n e o u sly
.

in this Pa Pe r , the w ea the r P代d ie tio n 15 Pr o Po se d a s th e Pr o b lem o f th e e v o lu tio n o f m ete o r o lo g ie a l

行e ld
.

T he h isto r iea l v ie w Po in t o f a tm o sPhe rje m o tio n 15 e m Ph a sjz e d he re
.

B a se d o n tim e se r ie s a n a lysis te-

ch n iq u e , a s to ch a stie
一

dyn a m iea lm o d e l w ith m u ltiPle in itia l fi e ld s 15 d e riv e d
.

T h u s ,

w e a th er fo ree a stin g 15 su n 飞-

m ed u P a s a Pro ble m o f s o lv in g a se t o f sto e ha s t主e d iffe re nc e e q u a tio n s
.

Fo r 飞he b a ro tr o Pie a tm o s Phe re , th e

n u m e rie a l so lu tio n s o f the e q u a tjo 盆15 a re o bta in ed by u sin g th e nl eth o d o f e 一n Piriea l o r 史h o g o na l fu nc tio n s

(E O F)
, a n d e x a m p les o f m e d itlm

一r a n g e w e a tller Pr e d ic tio n a re g iv e n he re
.

M c a liw h ile
, se lee tin g th e o rd e r o f

tjm e

K e y

se rie s ,

i e
, ,

d eter m in in g the n u m be r o f in itja l fi e ld s p ro p e r]y
,

js a lso d jse u sse d
,

w or d s : b a ro tro Pie sto eh a stie d i价r cn ee m o d e l
, e m Pir ie a l o r th o g o n a l fu n e tio n ,

w e a th er fo r ee a stin g
, v e ril飞

·

e a tio n o f P re d ic tio n

J
.

IN T R O D U C
一

f IO N

W
c a tll e r Pre d ie tio n in fe rs the fu tu re Physiea l s ta t e o f a tm o sPhere

.

O bv io u sly
,

it is a

Ph} sie al Pr o ble m
.

B u t w hen o b se rv in g the a tm o sPlie r ie s ta te
,

Pe o P !e o b t a in n u m e r o u s d a t a
.

T he e o lle e tio n ,

tr a n sfe r a n d Pro e es sin g o f the d a ta a re a tyPiea l Pr o b le m o f立n fo r ln a tio n seie n ee

t o o
.

In o r d er to Pr ed iet the fu tu r e w ea the r a e eu ra te ly
, n o t o n ly the r u les o fa tm o sPhe r ie m o tio n

m :一5 t b e g r asPed
,

b u t a ls o the in fo rm a tio lz in tlle o b s e r ve d d a ta a v a ita ble ha s t o b e Piek e d

u P a s fa r a s Po ssible
.

In the sen se it 15 ea lled tlle d u a l n a tu re o f w ea the r Pre d ie tio n
.

T he re -

fo re ,
the re a r e tw o k in d s o f eu rr e n t o bj e etive w e a th e r Pred ie tio n te c hn iq u e s

.

O n e lo o k s u Po n

w e a the r v a r ia tio n a s a fl u id syste m w hieh fo llo w s hyd ro dyn a m iea l a n d the r一n o d yn a m iea l la w
.

T ha t 15 n o w 5 0 一ea lle d n u m er iea l w e ather Pre d ietio n
,

T he o the r 15 b a sed o n em Pirie a l o r Pr o -

b a bilistic a n d sta tistic a l Pred ie tio n fo r m u la s by u tiliz in g the re la tio n shiP b etw een Prese n t sta te

o b se rv e d a n d fu tu re sta te o f the a tm o sPhe re
.

A n d it ha s a g en e ra l d esig :l a tio n o f o bj e e tive

em Pir ie a l m etho d
.

M o r e a n d n飞o r e stu d ies in d ic a te tha t fi u id b eha v io r 一i o t o n ly ha s d e te rm in is tie n a tu r e o n

th e o n e ha n d
,

b u t a lso ha s st o eha s tie n at u r e o n the o th e r ha n d
.

U n d er the d iffe
re n t e x ter n a l

e o n d itio n s the s a n le nu id ha s d ifl’e 一e ll t b e lla v io r w llieh 15 d e te rrn i一listie o r sto eha s tie o r
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s o m e tim e s w hieh in te rw e a v es th e fo r m e r w ith the la tte r
.

A s a re su lt
, o n ly a tte n tio 一飞 to the

tw o n a tu r es o f a tm o sPhe ric m o tio n ha s b e e n p aid sim Lllta lle o u sly
, c a 一1 w e Pre p a r e the be s t

Pre d ietio n b a sed o n a v a ila b le o b se rv ed d a ta
·

G u (19 58 ) h a s fi rs tly Pr o P o s ed a sPec ia l n u ln e 一, e a l 、、,e a the r P一ed ie tio n u tiliz i, 1 9 his to r ie a l

d a ta
.

C h o u (19 6 1) ha s s u g g ested a re a liz a b le s c h ern e by so lvin g the g e n e 一a liz ed s o lu tio n o f

d iffe
r en tia l e q u a tio n s thr o u g h e o n s titu tin g tlle h isto riea l d a ta se t

.

Z he n g a n d D u (19 73 ) e o ll -

se q ue n tly h a ve d esig n ed a m u ltiPle in itja l fi e !d m o d el a n d a n e x a m Ple w a s e o m Pu te d
.

S o o n

a ft erw a r d s G u o e t a l
.

(19 8 0 ) Pr o v ed th a t e o n tin u o u s e v o lu t io n o f a tm o sPhe r ic tem Pe ra t u re

a n d Pr ess u r e fi eld s 15 e q u iv a le n t to th e the rm a le o n d itio n o f th e u n d er ly in g su rfa e e ,
then a Io n g

·

ra n g e fo r e c a s tin g sc he m e by u tiliz in g s ev e r a l a ve ra g e c ire u la tio n m a Ps ha s b e e n s u g g e s ted a n d

e o m Pu te d
.

F r o m the tim e s e r, es v ie w Po in t
,

C a o (19 8 1) 0 1
·

ig in a te d a n id e a to t re a t s tatis tie
-

d yn a m ie w ea the r Pr ed ietio n a s a Pro ble n l o f s o lvin g st o eh as tie d iffe r e n e e eq u a tio n s
.

In v es -

tig a tin g the a n alytie s o lu tio n o f e v o lu tio n eq t 一a tio n s a n d k d V eq u atio n s ,

L a ik tm a ll (19 8 3 )

in d ie a tes tha t u tjliz in g se v e r al a t n l o sPlle rie s ta te s b e fo r e in itia l fi e ld xn a y e o 一刀Pe n sa te th e e rr o r

c au sed by the d efi e ie n ey o f in itia l fi eld d a ta a n d in e r ea se a tm o sPher ie Pred ieta b ility
.

T he se

d em o n str a tio n s a n d m o d els a b o v e m e n tio n ed s ]lo w the 11ee essity a n d Po s sib ility o f Pre Pa rin g

w ea ther Pre d ie tio n by u sin g sev c l a l in itial fi eld s
.

T hIS Pa Pe r 15 to fo llo w C a o
’

5 w o r k to sll o w

11 o w t o e a le u la te b a r o tr o Pie s to e ha stie
一

d iffr3
r en ee m o d el

.

A n d
,

fo r ills ta n ee ,
tw o 50 0 11 Pa

In ed iu m
一 ra n g e w ea the r PI

’

ed ie tio xls a r e a ls o g iv e一1
.
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A tm o sPher ie m o tio n m ay b e e o n sid e re d a s the ev o lu tio n o f eo n tin u o u s m ed iu m e x te xld in g

0 11 a Iim ited sPa ee d o m a in
.

A s w e m e a s u r e it
,
the d iser ete o b ser v a tio n s ,

w hic h eo v er the

sPa c e 一

d o m a in w ith e e rta in tim e in te r v al
, a r e o b t a in e d

.

认/ e d o u se the se d ata to sho w the v a r ia
-

tio n o f e o n tin u o u s m e d iu n l
.

T he refo r e ,
the Pr o ble m o f w ea the r Pre d ietio n 15 ho w t o u tiliz e

the in fo r m a tio ll in elu d ed in the se d a ta a n d tlle Physie al la w o f a tm o sPli er ie m o tio n t o in fe r

1ts fu tu re
.

A s a g en e r al r u le
,
th e d iffe r e n tial eq u a tio n d e ser ibin g e o n tin u o u s fi eld m ay b e w rit

-

tC ll a s

刁万 (t
。

) 二

—
— - I

”

J t

x ,

之
,

t。) ( l )

w h e r e x 15 a c e rt ain Physic al q u a n tity
,

t。 15 the s ta rtin g Pr ed 一etio n tim e ,

几 15 the Pa r a m e -

te r s o f d yn a m ic s a , ld /o r th e r m o d yn a m ie s, a n d F (
x ,

只
, r) sh o w i, 19 the sPa ee ter m a t r。 15

so ln e tim es e a lled the fL一n c tio n o f d lst u r b a n e e
.

T he m eth o d o f tim e se rie s a 一l a lysis o 一lly u tiliz e s tlle le f[ s id e o f E q
.

(l)
,

i
.

e
.

tlle ilz fo r m a tio ll

o f the lo c a l Pllysiea l q t:a xltity v a r ia tio n w itll tim e
.

T lze n飞erh o d o f n u m e riea l PI
·

e d ietio n m a k es

th e b es t o f the e o , Iv e rsio n l
·

e la tio tlshiP b etw e e n tl飞e sPa ee te ,
·

m a n d tlle tim e ter m i;1 (l)
,

b u t

o n ly the in fo rm a tio xl o f o n e sPa e e fie ld 15 u sed
.

If w e c o 一lsid er th e e 、
,

o lu tio n o f tlle fi eld w ith

d ise re te o b s e rv a tio n s a s a m u ltid lm c ‘飞sio n a l tim e se r ies a n d u tiliz e r ieh in fo rn 、a tio 一1 in v o l丫e d in

a se r ie s o f sPae e fi e ld s ,
the一l the Pr o b le m o f w e a tll er fo r

·

e e a s tin g is fo r n l u la ted a s an e v o lL一tio n a l

Pr o b lem o f w e a tll e r P ro e e s s , a n d the s to e ll a s tie
一

d 玉一la n lie a l In o d el w ith a s e t o f illitia l fi eld s

15 d e r iv e d
.

E q
.

(l) 15 re w r itte n i; 1 tlze fo t: n o f fo r t\/ a rd d i价 le n e e a s

x (t
。

十么t)一
二 (t

。

)
一尸 (二

,

只
, 广

。

)
.

( 2 )

一A fter s ta tis tie a lly d is e r c tin g (2)
,

w e o b t a i一1
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刃
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洲亡
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,
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,

之
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才

(。 一
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一
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.
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不
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了, ) 二 F ( x
,

几
, 矛
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,

( 7
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、
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、

l
,

⋯
,

P
,

夕+ 1 )
,

丫(5

a l飞d

tlo n

e o n zb in e a ll xzo is e tc 一1飞5 1、lto n o ta tlo 一1 刃
.

T h e ll 、v e o b ta xn t lle s to e lla s tic d iffe re n c e e q u a -

洲 t。 十 1 ) 一 召 厂 ( 、
,

只
,

才。) + 夕
:
l.’ (、

,

元
,

t
。

一 1 ) 十 ⋯ 十
一

口, 厂 (、
,

.

几
,

才
。
一 P )

口: 十 :
厂 ( 、

,

之
.

才。一 ( p
一

{
一
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一
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一

刃 二

w h c 「c

亡)了一刀
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夕
2 二 刀

。

刀
l a 2 ,

⋯
,

口, 一 刀
。

刀
,

E q
、

(8 } 以Pl e s s e s t lz e p re d i e tio n fo r 戈 a t 才
一

卜 1 by

t11e w c ig h ts o f m u ltiPle in itia l 11e ld s fo r Pr e d ie tin g

11一s to r i e a l d a ta
.

lf w e u s e o n ly o lle 一11一tla l士ie ld
.

l
.

c
.

P “ 0
,

口
t = O

:

艺 夕
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,

扮
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·

刀户
一 ; a , ,
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。

刀
,
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口
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0

x ( t
。 + 1) r e sPe e t iv e ly a n d a re e s tim a te d by

二 ⋯ 二 口。二 0
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。 = A t
,

8 。
, , = l

,
刀二O

f q
.

(8 ) b e e o , n e s th e d e te r ,二 I n is t , e d iffe ,
‘

e n e e e q u a tio ;1 ,

i
.

e
. ,

E q
.

(2 )
.

E q
.

(8 ) x、 d e r iv e d fr o n 、Pa rtia l d r
价

r e l、t一a l e q u a tio n , 5 0 t ll a t the In o d e l o f ti , lz e s e r ie s sll o w n

by E q
.

(8 ) 一s d 一fTe 王e llt fr o n l t lle o t ll e r s d e l iv e d fr o . n o r d in a r y d i瓜 re 畜ltia l e q u a tio n , s u e h a s

a u to re g l
‘

e ss iV e n lo d e ]
, a u to r e g l℃ 5 5 一V e In o v in g a V e l

·

a g e n lo d e l e te
.

(B o x a n d Jin k in s ,

19 7 1)
.

T lle

Ie ft
一

h a n d s id e o f E q
.

(8) 15 t l: e p h y、i e a l q u a n t ity a t a c e r ta in }o c a l Po i、飞t a n d tlle rig h t一ha n d s, d e

15 th e i ll itia l 丘e ld s a t In u ltIPle tz xn e s
.

E q
.

( 8) re v e a ]5 a fu ll e
旅

e t o f th e fi e ld s a t m u ltiPle tim e s

o n t lle lo e al p o i ,飞t
·

l, , 0 ,
’

d e ;
’

t o s , t飞I P]ify t h e c a !c u la tio , 1 ,

刃 15 ta k e ,1 a s w llite 11o is e

】11
.
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2一
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(V
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2

’
夸一

了

以
二

丫
2 二

.

, : 八 髻
:

口 t
( 9 )

w 11e re 之 ,

15 tlze g e o P o te 一ltia l he ig l: t
,

V
: l 、 1 ]l e 12 0 一12 0 , l ta l L aPla e 一a ll

.

J I 、Ja e o b ia 一1
, a n d 元

艺 1、

t l; e c o e ffi c : e , I t c o n tr o lli,”9 tl, e ba c k 11飞o v in g 0 1
’

u lt r“‘!O n g ” a V e
·

Bo tl, f = 2 5 1,” 留 a n d 口 =

2尺
一 ’c os 甲

D e 一l o tc

a l’e

t 11 e

e o n v e t飞tio n a l n o ta tio z飞s 一l飞 In e te o ro lo g )

月 (矛
。 一的二 [ 叭

之

:

了 1
“

行
阴

乙 :

) 二 ] 了。 一 t , ( 1 0 )

万
,

tl一1 1e
,

十 l ) =

V 2 2 。, ·
二

, ,
.

、

) 一 口 日毛
一

}
/

’

刁万
_ I t。 一 ‘

w 11 e re t 。 一s 1 rl一t一a !

注
‘

(亡

a Ild t

:

口
。

,
‘

1

二 一】
,

仪 P
.

,

百
,

T 11e 一1 E q
.

(8 ) b e e o 一11 e s

斗 口
:

,

厂
,

: , p

�八月�

一

卜
一

口p +

E v id e 一1 lly t lle s zo e lla s tie

叮
. 。 一 , + , ,

十 刁
·

d l能 r e n e e e q 、; : , tlo : : \v 一t ll 几了 d l、11 e ll sio n s 认一11

( 1 1

b c ‘) b ta 一Ile d tb r 八了

g r id s a s
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P + 1

A (, 。 + 1 )二艺 0
,
E

, 。 一 , + 。

w he re o
‘
is a ”

’

e ig h t e o e ffi c ie , It m a tr ix w ith M
X
M

o r d er s ,

A (t
。 + l)

a , ld E

w ith M
X 1 o rd er s , a n d E

, 。一 《, , : )三A (t一 P)
.

T hu s the c o n to u r a t the tim e

g o t fr o m the e o n to u r s a t t。
,

⋯
,

t。一 P by so lvin g E q
,

(12)
.

t o 一 亡
a r e

(1 2 )

V CC to r

(t
。+ 1) e a n be

IV
.

T H E M E T H O D SO L V IN G ST O C H A S T IC D IFF E R E N C E EQ U A T IO N

In g en er a l
,

ther e a r e 10
,

一10 3 g r id Po in ts in a fi e ld
, 5 0 tha t E q

.

(12 ) 15 a tim e se ries w itll

v e ry hig h d im e n sio n
.

It 15 v ery d iffi e u lt to s o lv e the eq u a tio n d ire etly
.

Fo r sim Plifi ea tio n o f

the eo m Pu t a tio n ,

it 15 a s s u m ed th a t 口15 in d ePe n d e n t o f g r id Po in t b u t tim e
.

T h u s E q
.

(12)

b e e o m e s the tim e ser ie s w ith o n e d im e n sio n
.

Fu r the r the E O F 15 u se d to d ee o m Po se the

he ig h t fi eld 5 0 a s to m ak e the Pro b lem b eeo m e the Pred ie tio n fo r Pr in eiPa l e o m Po n en ts
.

D e e o 刀少o sI’l zg Ihe

He ig hr l万eltl , ,
,

irh 石O F

T h e h eig ht z , : ,
, 。一 ,

(t = 一 l
,

o
,

⋯
,

夕
·

a n d m 二 l
,

2
,

⋯
,

M ) c a n be d e c o m p o sed a s fo llo w s

:
,

, 。 一 , 一艺 b
。 , , , ,

c
,

, 。 一 , ,

t ~ 一 1
,
0

,

⋯
,

P

w he re b
。 , , ,

15 E O F
,

i
.

e
.

the sPa c e fu n e tio n C
: ,

: 。一 ,
15 tlle p r in c ip a l c o m p o zl e x] t

.

i e

(13 )

.

th e

tim e 一

d ePe n d e n t e o e ffi eien t
, a n d 。 15 the tr u n e a tio n p o in t o f the E O F se ries

.

Su b stitu tin g (13)
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, 。一 ,
·

r冷 = 1
, 2 ,
⋯

,

M (1 5 )

2
.

乃
·

!i, , ,a ri口, ,
of Ihe

CO 币
c le n t

、.户

、
了
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.
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。
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月
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.
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,
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口
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口
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T I飞15 m o d e l 15 u se d t o fo re e a st th e N o r th e r n H e m isPh e re e o : lto u r
,

5 0 tha t the E O Fs o f

54 0 lo n g itu d e 一

la t it u d e m a sh g r id Po in ts b e t认 e e n I O O N a n d 80
O

N m u s t b e d e te r m in e d
.

A n d

口
,
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A s a re su lt
,
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一

e t h e E O F
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.
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.
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.
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.

T he refo r e ,
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。
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一

、二J
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,
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.
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乙
‘
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、)

一

* 艺 b岁(
x
)C万(才) (3 2)
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.
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.

If in e a eh steP w e ta k e the fi rst

h alfo fa lle o m Pe n en t s
,
t!ze o lo m e n t s o f o o va l

,

ia n e e m a tr ix eq u a ll/ 2儿 o f the n u m ber o fg r id Po in ts
,
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.
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, e ve n th o u g h tlle see o n d ha lf o f a ll
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,
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T o d e te rm in e th e o rd er 夕丰 1 o ftim e se r ies
.

in o the r w o r d s ,

h o w m a n y Piee es o f eo n tin u o u s

syn o Ptic m a Ps a l
’

e n ee d ed to m a k e th e s u Pe rio r P red ietio n ? It 15 a er itieal Pr o blem in the

Pre d ict io n

me tho d o f m u ltiPle in itia l fi eld s
.
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.
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艺 (
: 。

,
, 。 · !
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,

fo r e e ast
.

H a v in g so lv ed

a n d ee r t乏Lin ly fi n d

乡
, a n d e

, ,
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to + 1 ,

the s ta tistic a l
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o Ptim al o r d er P + 1
.

B u t th is Pr o e ed u r e n eed s t o o m u e h w o r k to d o
.

A n d the o r d er
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.
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,
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.
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一
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0
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.
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.
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.
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.
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fr o m 3 to 13

3
,

C口le z l勿厂10 2了

A Pr il
.

尸厂o c e动 22
·

e

(I) T l飞e d aily d a ta o f tlle g e o Po ten tia llle ig ht a t s
” x 5

O

lo n g it tld e一la titu d e g r id o n th e 500
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