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, Z e

叮
: 加n (胡增臻)*

,

S/I I Jll
, ’e , 7 (史久恩 )

B e ijin g In stitu te o f M e teo r o lo g y
,

B e石i
n g

a n d Z ha
馆 Jl’a

n : ho , ,g (张建咋
,

)

C o m p u tin g C e n tre
,

A e a d e m ia S in ie a ,

B e ijin g

R ec e iv e d M a y 2 9
,

1 9 8 9

A BS T R A C T

A s in 1Ple q u a si
一

g e o str o Ph ie b a ro rro Pje v o rrie ity e q u a tio n n lo d e l 15 u s ed a s the dy n a m ie fr a m e o f the

m o d e l in th is Pa Pe r
.

C o n sid er in g th a t the re a re m a n y ra n d o m e rro r s in m o d e l
’

5 in itia ] va lu e s o f m e teo ro !o
-

g iea l d a ta , a n d th a t it 15 n o t Per fe e tly eo m Plete a b o u t m o d el
’

5 Phys iea l Pr o ee sse s (fo
r e x a m Ple

, ta k e n o a e -

e o u n t o f th e in te ra e tio n b etw ee n a rm o sPhe re a n d u n d er lyin g su rfa e e , r a d ia tio n
,

e te
.

)
,

w e a d d rhe ra n d o m fo r -

e e d ter m to the m o d e l a n d u se the M o n te 一

C a r lo m e tho d w ith ra n d o m in itia l 、a lu e s
.

A sta tistiea l
一

dyn a m ie

in te gr a te d m o d el 15 th u s bu ilt u P
, a n d a n u m e rie a l fo re e a stin g e x p e rim e n t o f SO0 h Pa m o n th ly m e a n h e ig ht fi e ld

o f Ja n u a ry ] 9 8 3 h a s bee n e a r rie d o u t
.

T lle ex p er iln e n t re su lr p r o v e s tha t th e 几 r ee a stin g re su lt o f th e rn o d e l
,

e o n s id er in g ra n d o m fo rc in g a n d ra n d o m i一lizia lv a lu e s a t rhe sa rn e tim e ,

15 be tre r th a rl rh a t b y t}l e P u re d yn a m ic

m o ‘le l
, the r a n d o m in itia l v a lu e m o d e l a n d th e ra n d o m fo rc ed m o d e l

.

K e ,
,

w o rd s : M o n te 一

Ca r lo fo ree a sr
,

ra n d o m fo re in g
, ra n 〔lo m in itia l v a lL一e,

.
n u n 飞e r iea l e x Pe rim en t

1
.

IN T R O D U C T IO N

In the l9 4(j s a n d 19 50 5 ,

B lin o v a e t al
.

(D o bylishm a n ,

19 5 9) w o r l、ed o u t a ser ie s o f lo n g
-

ra n g e n u n 飞e r ie a lfo r e e astillg a ll d e x Pe r im e n t s tu d ies Llsin g sizn Ple 11一l e〔: r a n d n o n lin e a r m o d els
.

A lth o u g h the n u n 飞e r iea lfo re e a st s a t tha t tim e ha d a lo n g w a y t o 9 0 fo r the o Pe ra tio n a l d em a lld
,

the y g a ve m a n y v a lt一a ble r e s u lts
,

Fo r ex a m Ple
,

it Po in ted o u t tha t the fo r eea s tin g r e s u lts ea l
-

e u la te d by u sin g m ea li sta te s w e re be tte r tha n by u sin g in sta n ta lle o u s sta te s
.

A fterw a r d s ,

in

a b o u t tw en ty yea r s,
tl飞e re w a s a little Pro g res s in lo n g

一 ra n g e n u m e rie a l fo ree as tin g
.

Fr o m tlze

19 7 0 5 ,

w ith in e rea sin g u n d e r sta n d in g o f the Pro e ess o f o e ea n 一a tm o sPh er e in ter a etio n a n d the

t一n d e te r m in is一n o f the a tm o sPhe re m o ve n飞e n t
,

the re r aised 11 o Pe o f d o in g 10 一19
一r a n g e w e a the r

fo r ee a s tin g w itl飞 n u m e riea l In e tho d s
.

T he st u d y o f lo n g
一r a n g e n u m e r iea l fo l

·

e e a stin g e n te re d

a flo u l
·

ishin g Per io d
, a n d s ta tistie al

一

d yn a m ie in teg r a te d m e th o d s w e r e e ve n m o r e sp e e t aeu la r
.

It w a s r e c o g n iz ed tha t a m o re e x ae t Po r tra ya l o f the r u le o f a ttn o sPhe rie m o ve m en t e o u ld

b e m a d e b夕

19 6 3)
.

In
·

r e e o g n iz in g th e d u ality o f b o th t一n d e te r m in istie a lld d ete r m i, l istie fe a t u re s (L o re n z

o r d e r to d e se r ib e the tw o fo ld n a tu r e o f the a tm o sPhe r ie m o v e m e n t
,

m e teo ro lo g ists

u se d sta tistie a l
一

d yn a m ie in te g ra ted w ays
.

E Pst ein (19 6 9) a d v a n eed a m o ln en t a PPro a eh w hieh

* p re se n t a dd re ss : D e p a rtn le n t o f G eo p hys ie s ,

Pe kin g U n iv er sity
,

B e iji
n g
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ca n Pr ed iet the Pr o b a bility d is tr ib u tio n o f ev e ry a tm o sp he r ic m o v e ln e n t v a ria ble
.

In th is m e -

th o d
,

the d ePe n d en t v ar ia b le s a re v a : io u s s toP
一

m o m e ,l ts O f the a tm o sPhe rie m o v em e n t v a r iab le s
.

If the eq u a tio n s a re n o n lin e a r ,
th e va r ia tio n o f the lo w ste P

一

m o m e n ts 15 r ela ted t o hig h s teP

m o m en ts
.

T hu s the eq l飞Z tio rls e a n b o c lo se d
,

a n d the h ig h st eP m o m e n ts m u st b e tl
·

t xn e a te d
.

A s a r e s u lt
, e r r o rs a r e b 、。tLg ;lt i,飞to fo re e a st s

.

S t .b seq u e n t!y
,

t!: e r e w e r e m a n y s tu d ie s in t e n d
-

in g t o r ed tle e the s e e rl
’

0 1
‘

5 e a tlsc d by tr tlllc a tio n o f higll s te P m o m e n t s
.

T he r e a l c a se sim u la
-

tio n Pr o ved tha t tllis m e tho d 15 o f Po siti、e 、ig llifi e a ;飞ee fo r im Pr o v in g sim u la tio n r e s u lts
.

H o w
-

eve r ,
this m e th o d 15 ve ry e o m Plie a t ed

,
the a m o u zl t o f e a le u la tio n 15 v ery la r g e

, a n d the er r o r s

b ro u gh t by tr u n e atio n o f high ste P m o m e n ts o f n o n lin ea r e q u a tio n s e o u ld n o t b e o v er c o m e
.

In a d d itio n ,

the s o lu tio n 15 g e n e r ally v e r y d i币e u lt t o fi n d o u t e x eePt th a t v e ry sim Ple m o d els

a re ad o Pt ed
.

T he r efo re ,

it 15 im Po s sible to b e fu rth er d ev elo Ped a n d u se d in the o Pe r a tio n
.

I, 1 o r d e r to o V e rc o , 1 1e tlle d iffi e u lty in th e m o m e n t Jn eth o d
,

L eith (19 74 ) p u t fo rw a r d a sta tisti
-

ea l
一

d yn a m ie ill te g ra te d M o n te
一

C a r lo a PPro x irn a te fo ree astin g aPPr o a eh
, a n d a ls o Po in ted o u t

thr o u g h siln u la tio 一飞 tl飞a t it e o u ld sig n ifi e a zltly red u e e the a m o u n t o f c a le u la tio n sin ee the e n s em
-

ble fo r e e a s t 15 s u伟e ie ll t w 万飞e n u sin g eig h t in d iv id u a l fo r e e a sts
.

In the s am e Pa Pe r ,

L e ith u g ed

a tw o 一

d im e n sio n a ] m o d e l o f !l o ln o g e n e o u s a n d is o t ro Pie tu r b u le n ee t o Pro ve tl飞a t tll e e n 、e m ble

fo re e a s t 15 tl飞e o Ptim u ,n fo re e a st 111 the so n se o f the le a s t sq u a r e
.

T his w o r k la id a fo u n d a tio n

fo r the ftll
·

tller d e v c lo p m e n t o f tll is a PP ro a e h
.

Seid m a n (19 8 1) Pre sen te d a n a v e ra g in g te ell
-

n iq tl e fo r ra n d o m Pe rt u rb a tio n i
,飞!tial v a lu e s to m a k e Io n g- ra n g e n u m e r ie al w e a the r fo re e a s ‘5

.

T he m a in Po in ts o f th is m e th o d a re : fi r st
,

Pu ttin g v a r io u s r a n d o 一n Pe r tu r b a tio n s in the o b se r-

v ed ill itia l sta te s a n d g ivi士19 a se r ie s o f Pe rtu rb a tio n in itia lsta te s : s eeo n d
,

llsin g the se Pe rt u r b a -

tio n in itia l s ta tes t o m a k e fo r e e a s ts rc sPe etiv ely th r o u g l飞 a d yn a m ie m o d el
.

T he fo r e ea s t n e e d
-

ed 15 the e n s em ble o f all tlle s e in d iv id u al fo r e ea sts
.

T he e
旋

e t o f tl飞15 e n sem b le fo r ee a st te
-

e hn iq u e o n the Pr ed ieta bility 、丫a s ix飞v e s tig a ted thr o u g h the s im t活la tio n s tu dy o f a 3
一

la ye r g e n e ra l

e ire u la tio l飞 m o d el
.

It 从
‘a s fo : 一n d tha t the a ver a g in g fo r o c a s t te eh l iq u e s e o u ld i,le re a se the Pi

·

e -

d ic ta ble tim e ,

w h en e o m Pa l
,

in g w itl飞 tl飞e in d iv id u a l fo re c a st s o r c lim a te m e a n
.

A ft e r th a t
,

m a n y Pe o Ple u sed the M o n te
一

C a r lo aPPr o a ell to d o e x Per im e们亡5 G f 介 l
‘

e c a st s tu d y
, a n d the r e -

sll lt s W e r e S a tisfa e to r y (E CM W F
,

19 80 )
.

M a n y a e hiev em e n ts h a ve b e en m a d e in the r e sPo n se st u d y o f the a tm o sPhe re to fo ree d

so u r ee s (s u eh a s t o Po g r a Phy
,

he a t so u re es a n d sin k s)
.

Pite he r (19 7 7)
,

by u se o f a s ta tis tiea l
-

d yn a m ie w a y
, s tu d ied the m a tte r o f Pu ttin g fo r e ed te rm in the sPee tr a l fo r e e a st eq u a tio n , a n d

Po in ted o u t th a t the in e re a sed e rr o r s (e x te r n a l e rr o rs)
, e a u sed b y sim Plify in g the m o d e l

, In u s t

b e Pr e e is ely e o n sid e re d
.

In o r d e r t o sim u late the s e e r r o r so u r ee s , a r a n d o m fo r eed term w a s

Pu t in to ev e ry sPe e tr a le q u a tio tl , a n d th is w a s u se d a s a p a xa ln e t e r iz a tio xl o f the in e re a se d e rr o r
·

5
.

T he e x Pe rim en t r e su lts w e r e sa tisfa e t o ry
.

In this Pa Pe r ,

b a se d o n t!飞e w o rk o f r a n d o m 11飞it ia l va iu e m o d e l a xld r a n d o m fo r eed m o d e l

(H u e t a l
. ,

19 90 : Z ha n g e t a l
. ,

19 9 0)
,
the ra n d o m fo r e ed te ,

·

rn is Pu t in to tlie m o d el a n d r a , ld o m

in itialv alu e 15 u sed a t the s a m e tim e
.

In this w a y w o ha v e d o n e a n u ln e riea lfo r eea stin g e x Per i
-

m e n t o f SO0 hPa m o n thly m e a n h eig手飞t 员eld o f Ja n u a ry 1 9 83
, a n d t !一e re su lts o b t ain ed a re e o m

-

Pa re d w ith th o se by s o m e o the r x :l o d o ls
.

T his w o r k Pr o v e : tha t th e fo r ee a stin g re su lt o f the

m o d el sim u lta n e o u sly c o n : id e x
·

in g ra* n d o m fo re in g a n d ra n d o 一n in itia l v a lu e s 15 a n o Ptim u m

fo r eea st
.

T h e d yn a m ic fr 魏m o o f o u r m o d el 15 a q u 几5 1
一

g e o s tl. o Ph ie b a r o tr o Pie v o r tieity eq u a -

tio n (H u e t a !
. ,

19 90 )
.

In tl、15 p a pe r ,
认

一

e w illfi r st d ire e tly d eser ib e the st at istie Pa r t o f the m o d e l
,

then g iv e the r esu lt o f n u m er ic a l e x Pe r im en t a n d tn ak e the c o m Pa r iso n w ith the r esu lt s b y so m e

o the r m o d els
.
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G e , ?e ,
·

a rio n Oj
.

R a , ; clo , , , 11 ,irla l Va l, , e
.

、

T he g e n e ra tio n o f r a n d o 一1飞 i一itia l v alu e s 15 the k e ) to tlle r a n d o m 11飞itiai v : : IL一e sim L一Ia t io n

e x Pc rim en t
.

It 15 a ss u m e d th之tt tlle o b se f va tio xla l v a iLle 15 ta k e n to b e Po in t A in the Pha se

sPa e e
.

It 15 th L、5 d e m a n d ed t!飞a t a ll the g e lle ra 一ed illitia l v a lu c s a 万
·

e a r o u n d P o in t A a n d eo n s -

titu te a P o i一It e o !!e e tio n 121 、110 Phas e sPa ee w l, iell o b e y、 110 一m a l d is tr ib L一t io li (Fig
.

I)
.

B u t

..............口......

叭

. A

F ig
.

1
.

S k ete h fi g u re o f p o s sible d is tr ib u rio n (尸) o r a ll rl:。 i; litia l、 a lu e s , o bse r、。tio n s A a n d B a re p o in ts in

th e Plla se sPa ee
.

the r ea l in itia l sta te m ay b e Po i一It B
.

T ll e r a 一记o m ill itia l va lu c e a n b e fo r m e d by su Pe rPo sin g

v a r io u s Per tu r b a rio n v alu e s o n zlze o b ser v a芝io rla l 丫a lu e
.

T llc sPe c i朴e m etho d o f g e n e r atin g

r a n d o m i,l iti: :1 va 1L:e 、 15 a s fo llo w s : A ssLom e tl: :、t A A K 议(t
。

) r e Pre se n ts tlle o b se r v a tio n a l

v a l一三e at titn e t。 , a n d tlla t l
·

a rld c 土1 1 1一飞itia l v a iu e 15

A K 拭 t0 )一 刀A K 拭t0 ) 十 a
·

拼 ,

(1 )
认 11 c l℃ a 15 工h e In c a n sq Lla re d e丫ia tio rl o f e rl

’

o r s , 拼 15 a p s e lld o r a lld o m 11 t!11、b e r 从‘

11ic h

o b e乡
·

s t】l e d is tri b : : 亡io n o f N (0
, l)

, , n 15 z o n a】w a v e n L‘n l b e r , a ;, d (, 一 , n
) i、 ; : : c r id io n a l

认 a v en u n 、b e r
.

N o w tlle Pr o ble m o f g e n c r a t ill g t!飞e in itia l v a !tte s b ee o n le s the Pl o b le .n o f

l飞o w to g e n e ra te a a n d 拼
.

(l ) G e , , e ,
·

‘, 210 , , 口/
’

rh。 , ; ,e a , , 、令之, a ,
·

。 ‘扮飞ia zI’(; , ,
了

,
·

a , ;‘人, , , ; e ,
·

,
‘

o ,
‘

,

T lle e r r o r s ill the m o te o r〔: lo g ie a l d a ta 11: e lt一d e sys te m a lie a z ld r a l: d o m e rr o 、写
.

T he sys -

tem a t ie e r r o rs a re e a u se d by t]飞e t l℃八d e IT o rs o f in s之z
t

u ln e n ts t一se d 11飞 s ate llites
, a n d / o r Ia rg e -

se a le d a ta b la n k a r e a s in the o e e a xi a n d tll e A n t 飞
·

e t; e
.

T l飞e r a n d o m e rr o r s a re PI
·

o d u ee d by

21飞e in d iv id u a l m ea s :一re m o n t o f the o b s。;
一

v a tio n sys te rn (几r e x a 一书Ple
, sa te llite o b se r va tio n s a n d

ro u zir: e s o u n (!i,19 5)
、

in te : P o la ti。 : : o f ￡!le o b、e ,飞‘a 之io n a l d : L犷比 11: ro n o tw o rk s a n d s o n : e o th c r

fa e to r s
.

In this Pa Pe r ,
the syste xn er r o :

·

5 a l
,

e a ss :In 飞ed to b o z e z
,

o , n a m e ly
, o n ly the r a n d o m

e rr o rs a r e e o n sid e re d
.

T {: e :
·

efo r e tl飞。 a 11飞 E q
.

(l) b e e o x长。s t!: e m e a n sq u a re d e v ia tio n o f

r a n d o m e r一o r s
.

Sin ee in P才
·

a etiea l o b se ;
、

v atio n s ,

the 一e is o n !y o n e o b se r v a tio n a l v a lu e a t a

e e r ta in P o in t a n d t im e ,

it 15 im Pc 、s ible t o o bj e e tive !y a n d a e e u r ate ly d e e id e the , n e a n sq u a re

d e v ia tio n o f r a n d o m e r r o rs fr o m the o b se r ve d d a ta
.

In so nl e e o u n tr ie s (fo r e x a m Ple
,

in the

M e te r o !o g ie al O m e e o f U n ited K in g d o m )
,

a 15 ta k e z飞 a s a e o n sta n t
.

B e e a u se a n o m a ]y d ata

a re u sed in tllis s tu d y
,

w e m ay e o n sid e r th a t a 15 d ir e e tly Pr o p o r tio n a l t o tl飞e o b ser v ed

a n o m alie s
.

T hu s ,

w e e a n in fe r the s Pee ifi e P一o Po rtio n r ela tio xlsh iP thr
·

0 129 11 n u m e r ie a l e x Pe r i
-

m e n ts an d a v a ila ble d a 丈a o , , tll is su
bj

e e t
.

Pr o s e n tjy
,

tlle o b serv a tio , 1 systejn iJI e o n tin e n ts ha s
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脚曰. . 向 一州一, . . 目 峥、巨~ ~ 一 一‘一目一一- - - - - 一- - - - ~ ~ 一 一一一一- - 一

—
一

一
一一

- 一一 一

——

—
一一一一

—
一

—
一

a s加娜 邪a le o f sev era l hu n d re d kilo m e te r s
,

a n d a r o tltille o b s e r v a tio n fr eq u e n cy o f tw ic e a d ay
·

Th e o b serva tio n al err o r s a r e u su a lly a s fO llo w s : te n 1 Pe r a ttxr e l一Z
O

C
,

w ill d sPee d 3 一4 m / 5 a n d

P比ssu re 3
~
一摊 hPa (Se id m a t,

·

19 8 1)
·

卜{o w e V c r ,

the ra n g e o f e r ro rs b e e o rn e s n 、、一e h b ig g e r 一n

the o ee a n a re a s a n d a r e a s w ith s e a re e sta tio n s
.

O n tll e b a s一5 o f the a b o v e a n a lysis
,
to g e th o r

w ith the a n a lys is o f n u Tn e r ie a l sim u la t io n re s L一Its
,

w e 一n ay e o llelu d e tha t tlle m e a n sq lla r e d e
‘

v宜a tio n o f r a :ld o m e r ro rs 15 ta k e n a s 10 % o f o b se rv ed a n o n 飞a lie 、
.

,、a m e ly

二 = 月且K ((t
。

)
又 1 0 %

.

2) G e z7e厂a lI’o , , 丫 zhe P
卜

、e之,clO ,二。do , , , , ;‘,。,加, s , 、hi、h o b心
·

r/ ,。 cll 万r, ib , , rio z , ‘, /
’

N (0
,

l)

T her e a r e m a lly m e tll o d s w hieh e a rl g e n e r a te Pse u d o 一a n d o n l n u m b er s (T I: e Pro b a b ility
-

St a ristic a l G r o u l。
,

19 79 )
.

In this Pa Pe r
,

w e u se the m u ltiPliea tiv e e o n g r u e n tia l m e tho d to g e -

n e r a te the Ps e L毛d o r a n d o zn n u m b e r s w l、ieh o be y the u n ifo l
·

m
一

d is tr ib u tio n
.

T he Pse u d o r a n d o m

n u m b e rs g e n e r at ed by this 1ll e th o d
,

ha v e m a n y a d va n tag e s
,

s u e ll a s lo n g e yele
,

e x e elle n t s ta ti
、-

tic a l eh a ra e te 一is tie 、
, r a p id g e xle ra tin g sp e ed

,

less e o m p t zte r m e m o r ie s o e e u Pie d
,

e te
.

Fir s t
,

the m u ltip lie a tive e o llg r u e n t ia l m e th o d 15 u sed t o g e n e r at e the Pseu d o r a n d o m n u m b e r s

w h ieh o b ey the u n ifo r :n
一

d istr ib u tio n in a n in te r va l【O
,

11
, n a m e ly

,

Po sitive in teg er x 。
is t‘Ik en

a s the in itia l v a lu e a n d a n o the r Po sitiv e in teg e r 只 a s m u ltiPlier
,

tlle n re e u r re n e e fo r n l tlla

x 二 !

一几丫
,

(m
o d对 )

15 u sed to g e n er a te n u ,n e r ic a l se r , es { x ,

{
n 二 l

,

2
.

⋯ }
.

T I: r o t.g h tl: e sta ll d a rd i: a t io n t re a tm e n t
,

w e g et tlle Pse u d o ra n d o m n u m b e r s

r 。 + :

二 x : + ,

/M
,

w Ile re 劣 。, a s the ixlitia l v a lu e to p ro d u ee the Pse u d o r a n d o m n u m b e rs ,

15 a rl o d d n u n lb e r in a n

i一1te rv a l

S e r le S
.

r e s o lve

J: 之二 5 , 3 : M = 3
“’: a n d n 15 a n o r d in a一 n u m b e r o f p seu d o r a n d o m n u rn b e r

the e o m Po site r an d o m sa m Pli一: 9 1、 u s ed o f n o rm a ld i、tr ib 、一tio n s a xn Plin g
.

n a m c },
,

n o r m a l Pr o b ab ility d e 一飞sity fu n e tio n

j(劝 =
1

寸 2二

_

厂 厂 、

e 盖 P 气
、

一万夕
(一 二 <

丫 < 十 二)

in t o th e o f fo u r p r o b a b ility d e n sity fo n e tio n s

f(劝 一 P
,
又 j

,

(劝 + P
Z \ f

Z

(对
一

卜夕
。 又 /

。

(劝 十 户
4
又

川动
,

w he re the v alu e s o f p ro b a bility P
‘

(i= l
,

2
,

3
,

4 ) a re 0
.

8 6 3 8
,

0
.

110 7
.

0
.

0 2 2 80 0 20 3 9 a n d

0
.

0 0 2 6 99 7 9 6 1 r esp ee tiv ely
, a n d P

‘ sa tisfy the e o n d it io n s

o< 户
、

< 一 : t , : d 艺户
,

一 1
.

T h r o u g ll tlle a b o ve sa m p lirlg
,

认
,

e o b ta ill the Ps e u d o ra lld o ln n u m b e一s,

i
.

e
.

the 拼 in E q
.

(] )
,

w ll ic h o b eys the N (0
,

l) d is tr ib u tio n
.

Sin lila rly
.

Pu t tin g va r io 一s 拼 ill to Fq
.

(l)
,

w e c a ll g e t

v a r io U s v a lu e s o f r a n d o m ill it ia l v a lu e只
.

2
.

G e ; ,e ,
·

a rI’o , 2 o f R a , ,do , , : F() ,
·

(
,

。d Te l
·

z, 了

A tm o sPhe rie m o tio n is a 险e te d b y fo rc e d s o u re e s , s u e h a s o ee an s ,

m o u n ta in s , s n o w eo ve r ,

ie e e a Ps, 5 0 11 m o istu r e
,

etc
.

It l、 d u e t o tlze in te r a etlo xl b e tw c e一1 a tm o sPhe re m o tio n a n d th e se

fo rc e d s o u ree s tha t a v a rie ty o f m o tio n s e a n b e Pr o d u eed in the ea r th
’5 a tln o sp he r e

.

H o w t o

e o r re etly e o n sid er the se fo re ed s o u rc e s in the n u m e ric a l丘)r e ea s tin g m o d el 15 still a Pro ble m
.

I一1 the Pa s t d e ea d e s
,

m a rly In e te o ro lo g ists c a r x
‘

ie d o L一1 a se r ie s o f Pa ra m e te 一iz a tio n e x Per im e n ts
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a 一ld yield ed rn a liy a eh ie ve m e一l ts (Pite he l
·,

19 7 7 )
,
th u s la yin g the fo u n d a tio 一飞fo x

·

fu rtlle r u n d e r -

sta n d in g tlle 一o le Pla yed by tlle fo ree d s o u r ees in atm o sPhe ric m o tio n
.

H o w e ve r
,

the re 15 still

m u e ll w o r k to d o in o rd e r t o eo n er e te ly a n d a e eu ra tely P一t the s e e x te r n a l fo r e ed s o u rc e s

in to the Il u m e r ie a l 即 re ea stin g :n o d el
.

In this Pa Pe r ,

w e Pu t fo rw a rd a lie w m e th o d w li ie h

e o llsid e r s the fo ree d so u r ee s in e o m bin a tio n w ith th e hist o r iea l d a ta
.

111 the m e tho d
,

fi rst w e d e rive the fo re e d tim e serie s thr o u g h the fo r eea stin g eq u a tio n ,

tlle l飞 w e d isti一lg u isll
,

e stim a te a ,飞d sim u生a te A R M A (K, L ) (A RM A : a u to r eg re ssiv e 一

m o v in g a v e ra g es : s e e b elo w E q
.

(5)) sta tis tie a l m o d e l o f th e fo r e ed tim e se ries
, a n d g et the fo r eed te rm

.

Su b se q u e n tly a s r a n -

d o m fo re in g
,

tl飞e fo r eed term 15 Pu t in to the e q u a tio n s a n d th e ra n d o m in itia l v a lu e s a t the

sa m e tim e a r e u se d t o d o M o n te
一

C a r lo sjm u latio ll
.

Fin a lly
,

fo r eea sts a re o b ta in ed by the

in teg r a ted m o d e l o f r a n d o m in itja l v alu e s a n d r a n d o n l fo rein g
.

(l) G e , ,e ,
·

a lio , ,
of Ihe ,

·

a n do , , ,
fo

,
·

c e d riI 7 , e s e ,
·

ie s

In o r d e r t o sim u la te the fo r e ed tiln e ser ie s ,

w e m u st fi rs t g e zze ra te it
.

A s s u m e tlze fo 一ee a s -

tin g e q u a tio n o f the m o d el 15

d A K 沈‘t
‘

) 二
. , , .

_
-

-

一厂
n 气几

d t‘
( 2 )

D u e to a serie s o f

一n o sPhe r ie 一n o tio li ,

1ity g e n e ra lly d o e s

sim Plifi ea tio n s in the m o d el
,

w hieh a l
·

e so n lew ha t d iffe
re llt fro ln tli e r ea l a t

-

w h en the histo r ie al d at a a r e s u b stitu te d in to fo r ee as tin g E q
.

(2 )
,
the e q t一a -

n o t h o ld
.

A s s u m in g the re m a in d e r is f叹(亡 the n w e ha v e

厂 (t
;

) -
d A K 省

d t‘
鱼工一衅 (,

,

)

T u r ll ill to d i瓜
re 一ICe fo ll ll

f言(r
‘

) =
A K 言(t

‘

) 一A K
’

二

△t

卜 _ !
一 尸省(t

,

) (3 )

w h er e i = l
,

2
,

3
,

⋯
,

3 1
, a n d △t一 t ‘一 t‘_ ,

.

B a se d

ex Pa 一lsio n c o e用e le rlt s
,

△t 15

tl飞e fo re ed

ta k e li a s o n e ye a r
·

o n o bs e r va tio n al d a ta a va ila b le a n d SPe et ra l

Su bstit tltin g the 11isto rieal d a ta in to E q
.

(3)
,

c a n o b tain t11ll C

(t
l

)
,

S e l’lC S

六 (t
:

)
,

⋯

D 几tij珍z ,is hillg a zzd e s zil , ,a liz管 rhe la n ‘10 1 , ,

,

f育(t
。 ,

)

fo ,
·

c e d 2 11 , , e s e ,
·

ie s

六

\’e(2)

H a v in g o b ta in ed the fo re ed tim e se r ie s,

w e d is tin g u ish a n d estim a te the A R 五了A

In o d el:

xl 一 b
,

xf
一 , 一

·

一 瓦 x 卜、 二 a , 一 d
,
at

一 :
·

一 d
:
at

一 : ,

( 5

”‘

he re a ,
15 认 ,

llite n o ise w hie h o b eys N (0
, a Z

)
.

A b o u t ea le u la tio n o f a Plea se refe r t o

X ia n g e t a l
.

(19 86 )
.

Firs t
, e x a m in e w he tlle r tlle ra lz d o m fo r eed ti,u e se r ie s (4 ) is a

st a tio ll a 一y tim e s e r ies o r 一lo t
.

If n o t
,

w e a ssu zn e fo r eo n ve llie liee tlla t xlo fo r ein g e x ists tl飞er e
.

T he Pr ae tie a l te s t Pr o ve s tha t o n ly 7 % a re ,1 0 ;1 一s tatio n a ry a m o n g all tim e se ries
, 5 0 tlla t th is

sim Plifi ed tr ea tm e n t ea n n o t b r i一1 9 a b o llt o b v io u s e rl
·

o r s
.

If it 15 a sta tio n a ry tim e se r
·

ie s ,

the n

w e e a leu la te tlle v alu e o f B IC :

B IC ~ In (
: : )十 (K

, + L
、

)I
n N / N

,

w Ile re 5 5 15 tl飞e n la x iln u 一n like lih o o d estim a te o f the sq tla re d e via tio n o f tl1e e r ro r s in tl1e A RM 注

(K ,
.

L 、

) 1llo d el
, a : ld N i、 se r ie s Ie llg rll

.

A ee o rd in g t o lhe B IC e r ite r io n , 认 , e d e c id e 、v llie h 15
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5

t加 加st in al l the b elo w m o d els :

AR( l)
,

A R (2 )
,

⋯
,

A R (5)
,

月了月(l)
,

M 刀(2 ) a , z d 」R 鑫了月 (i
,

I)
.

A ft er th e bes t m o d el 15 fo u n d o u t
,

w e e s ti, n at e tll e Pa ra l: l e te z
·

5 z r: tll e In o d e l
, 5 0 tll泣t 认 e o b ta izl

the b a sie m o d el a e e rta izl ra n d o n l fo rc e d tim e se l: c s o b e玉5
.

R e p e a t l一19 a ll tll e Pr o e e d u l
·

es to

v a ri o u s (n
,

胡)
,
w e g e t the b es t m o d els o f 这!1 the (, , , ; , ;)

.

(3) Sij
, , “/a l勿, 2

of fhe ,
·

a z,而, , , 户,
·

: 二‘1 1存, ,。 s。,
,

i〔
, ‘

、

A ft e r tlle b e s t ,。1 0 、lo ls a一e fo u n d (〕tll
,

山 : o : , g J: 5 1, 1: : : la tz。 一1 : 一、1 119 tl飞e s e b c st l飞lo d o IS 认 。 c :、11

g et a r a n d o m lb r c ed tizn e se rie s

口议(云
,

)
, g 育(亡

2

)
,

⋯
, g

’

;; (才
丫

)
,

认11 c r e 才:
、

15 tll e }‘ 11g th o f a 一a zld o 一n 助 l
,

e ed se f ie s o b ta ln ed b少
,

rllc 5 1一飞飞u {a 乏旧 11
,

r ]ze t一1l le illte 卜

v 泣1 o f th e l
·

a 一ld o ln fo re c d 飞im 。 : e r lo s }飞c 一e i: o : le )℃ a r
.

只。 认
,

e、亡J
· ,

z!ze z一飞10 1 ;: 色e r、
,

:、{ o f tl飞e 一a ll d o 一n

fo r e ed lin le ser ie s n e ed e d fo r M o xlte
一

C a r lo 5 2 ,llu la tz、)az 15 a ssu ln ed a s

Q育(
: ,

)
,

Q公(
: 2

)
,

⋯
,

Q毋(
: ;

)
,

w h e re △ : 一 : ‘一 : 、_ , 15 the tin le s te P o f i一l te g ra tio n in o u r Pa p o i
、

a :飞d 八 : = 3 h o u r s
.

T he P ro b !e xn a r ise s : the re a r e d i瓜
z℃ n t s :lzllPllllg ti:刀 e ixlr。, v a ls b e t\、

‘e e一1 〔11 0 r a :l d o m fo l
·

eo d tin l e

、e r ie s Q育(
: ‘

) w hio h the M o n te
一

C :、;
,

{o 、lm u la t io ,: n o e d s a ;飞d tl: e r a : ld o ;n fo r e o d ti:n e so ries

g 贵(才
‘

) w 11 ;e h 15 o b ta i, : 。d n
,

o m tlle 11is to l
·

ie : tl d a ta
.

U 王, til , : o w
.

the p ro ble lll a b o u t h o w t()

n 飞a tc ll tw o tim e se rie s w itl飞 d iffe
: e llt sa m Plizlg tixn e 11: te一军 。I、 11a s n o t b : 。n s o lv c d the o l℃ tiea lly

.

T h u s w e m u st d o a ser主e s o f Pa r a n lo to x lz o d t z
·

ia l e x Po lilll e zl ts
.

A t la s t \、e 〔l: c id e tlla t th e fo r e o d

te l
‘

m 15 Pu t ilzt o the eq u a tio n a t ea ch s te p o f i一l teg r atio ll 0 1; !y 伪 r the s e c o ;ld to n d : zys o f a m o zlth
,

a n d is s t、ita bly w o a k o n o d
.

W e u s e g
’

二(t
、

)/4
a、 t生, e r a l: d o m fo r c e d 、im e se r ie s Q叹(:

、

)
一l eed ed fo r the in te g ra tio n

.

T he a pP r o 火illla tc ly tl℃往te d f a ll d o m fo r c ed t c l
一

112 15 Pu t in to tlle

e q u a tjo n a n d the ra n d o m in itl: ,1 v alu e s a l
·

e u sed
,

tize n tlle 入谨o n te
一

C : zr lo s lln u la tio n 15 m a (1。

tIzr o 、lg h eig ht in teg r a tio n e a le u la tio lls
.

f i:l a ll}
· ,

w e g e t t }1 0 fo l
·

e e a 、txllg e ; 1 、。一: : ble u n d e r tlz。

in 日u en e e o f a se r ies o f r a n d o m in itia l 、
, alu e s a :l d r a lz d o m fo re ed s o u xe e、

.

T il is fo re e a stirl g c n -

sem ble 15 the fo ree a stin g r e s ult o f the 、: : o d e l c o ,n bin in g the r a n d o :n i:: iti注l 、。lu o s w itl、 r a z记 o n :

fo re ixlg
.

111
.

N U M E R IC A L F O R 五CA S丁IN G 五X P〔R IM 五训丁 A N D CO M PA R ISO 入 认
,
I丁l

一

于 f O R LC A S T S O 卜

O T H E R M O D E L S

111 o r d e r to e o m Pa r e the fo re e 江s ts o f s。、 : r al m o d 。!。
, \、e u se a n e ; 。 : 又}; 、a m : d l(几 : e、飞e e 。: : a -

lo g u e ,
t一m e s m o o th

,

in itia l d a ta a 一ld t re a te d m e t;l o d a s in t !l e l〕: e v io : 1、 i、: , p e r、(H u e t a l
. ,

19 90 二

Z ha n g e t a ]
. ,

19 9 0)
, a n d u se the In o d el fo r d o i, 19 the s a m e e : 、、e ,

50 0 }1 百)
· : : : 1 0 「飞tll}y :飞: e a , 1 12 0 191, t

a n o m a ly fi e ld fo r ee a s tillg e x Pe r im e n t o f Ja n tl盯y 19 83 (Fig
.

2 )
.

C o l飞11)a rixlg th e a n a l二‘515 o f Fig
.

2 w ith the l’O f e e a s ts o {
’

tll e 歹乏l更
一

l、 : 1 1 1飞一t以J 丫a llle In o d c l

(Fig
.

3 )
.

t}le r a n d o n 飞几 re ed xn o d : ! (Fig
.

4 ) 1 !飞e p 。 : e d yn a , n ; : :u o i、 ! ‘, ‘9
.

5 ) a n d the a e t u a l

o b se rv a tio , : 、 (Fig
.

6 )(H tz et a l
, ,

19 90 : Z ha . lg e t a !
.

,

! 99 0 ) 、、e e a ll ; I t !, :、t tlz e fo r ee as t s o f

the r a n d o m in itia l v a lu e a n d ra n d o m fo re ed iil te g 一a te d 11飞o d el (卜一9
.

2 ) 11a v c a 一n a r k c d

im Pr o v en le , z t in re latio tl 20 th o s e b y o tlle ,
一

m o d 。]s (Fig s
.

3一5)
, e 5 P。。,川y l飞) , tll e 几 r o e :、s to d

in te n sity o f a n o n la ly e e n te rs , a n d it 15 the b e、t fo re ea st o f the fo u r ;n o d els
.

T llr o u g h e a ,
·

e fL一I

a 一la lysis
,

w e e a n fi n d tha t it im Pr o ve s the fo re ea st o f the ra n d o m in it ia l v a ltle l刀 o d el fo r

eX a m Ple
,
the ill te n sity o f P o sitiv c a zl。 ,n a jy e : 一l tf c in tl飞e l飞o rtho a st o f C ll zn a ha s a l!ttle

r ed u e tio n , a n d 15 e lo se : t o the aetu a [ o b se r v atio n : a n d th e o r ie l、t a tio 飞飞 o f a x is o f th is P o siz i丫e

a n o m a ly e e n tl
‘

e e l飞a , lg es fr o m 一l o r tll认 est
一s o u tlle a s t in lhe fo 一ec as t o f the ra : 1 010 11飞 i门itia ! v 乏21毛le

m o d el t o aPPr o x inl a tely xl o r tll
一so u tll

, a 一ld 15 e lo se r to tlle a e tu a l o b se 一v a t王o n
.
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F , 9
.

2
.

Fo r ee a s te d soo llPa n le a n zle ig h t a n o n 飞a一y fi e},d o f Ja 一lu a f y 1 9 8 3 b) tlle r :、n d o ; n i一1 : t; a l v a lu e a n 、l

r a n d o n l fo r ce d in tc g ra te d m o d e l (1一n it : 10 g Plll )
.

曰

题{里

8 0 0

F 19
.

3
.

A s in Fig
.

2
,

bu t b y the r a l记o m in itia l v a lu e In o d e l
.
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.

,

F19
.

4
.

A s in f jg
.

2
,

bu t by the r a n d o m fo rc e d n 1 0 de l
.

F19
.

5
.

A s in Fig
.

2
,

b u t by tl飞e Pu re d yrla m ie m o d e l
.
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F ig
,

6
.

T he a e tu ‘
1 5 0 0 hPa m c a一1 11e ig h t a n o m a ly fi e ld o f Ja n u a n y 19 8 3 (u

n it : 1 0 g P in )
.

In o r d e r t o o bj ee tiv ely a n alyz e the im Pro v e m e n t o f the se ve ra l m o d els to the Pu r e dyn a -

m ie m o d el (o n ly the e a se o f Ja n u a ry 19 8 3)
,

w e

in d e x e s in T a ble l
,

t o the Pu re d yn a m ie

Fr o m the tab le w e c a n see

g iv e th e e o m p a riso n re su lt o f a fe w q u an titativ e

ve ry e le a r ly the im Pr o v em e n t o f se v e ra l m o d e ls

111 0 d C I
.

so m e fo r ec a stin g a bility (by

Fr o m the fi g 、xre s in the tab le
,

w e k n o w tha t all the m o d els ha ve

e o n tr a st w ith the Iin e a r e o rre la tio n e o effi eien t 0
.

12 o f su stain ed

fo r eea s t)
,

bu t the fo ree a st o f th e Pu r e dyn a m ie m o d e l 15 the 、
,

o r st
, a n d the fo ree a st o f the

r a n d o rn in itia ! v alu e a n d r a lld o 一n fo r沈d in te g ra ted m o d el 15 the b e st
.

T his im p r o v o m e n t 15

T a ble 1
.

C o m Pa r iso n o f Fo ree a s tin g E成c ts o f M o d e ls
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