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N a nj in g

R ece iv e d A u g u st 2 0
,
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A B S T R A C T

O w in g to the fa c t tha t th e b a c kg ro u n d s itu a tio n a b o u t Io ea l o Per a tio n a l u se o f N W P Pro d u ets a t th e

s ta tio n s u n d e r Pr o v in e ia l o n e s in C h in a 15 d iffe ren t fr o m tha t o f d e v e lo pe d e o u n tr ies
, a su ita ble a PPro

a e h 15

su g g e ste d to im Pro v e th e in te rPre ta tio n tec h n iq u es o f N W P Pro d u ets
,

w h ie h inc lu d es Pre d ic to r a n a lys is a n d

se lee tio n , e o m bin a tio n o f d 云旋re n t N W P p ro d uc ts
, syn the t主e s ta tistle a l m e tho d(S SM)

, a u to
一a
dj u st

men
t o f

M O S eq u a亡io n s to n u m 盯 iea l m o d e l a n d d e代lo Pin g a s u ita ble s
oft w a r e o f o bj ec tiv e w e a the r fo r ee a st syste m

on m ic ro c o rn P u te e te
.

T h is a p Pro a ch Pro v e s to b e effe e tive a ft e r m o re th a n thr e e y ea r s ,

Pra c tic e
.

IN T R O D U C T IO N

T he i,l te rPre ta tio n tee hn iq t一e s o f Iiu m e ric a l w e a ther Pre d ie tjo n (N W P) Pr o d u c ts ha d

r ea e hed a h ig h lev el by the la t e se ve n tie s
.

T he lo ea lin te rPre ta tio n tee hn iq u es ha ve a ls o s u e

cee d
-

ed in fo r eea stin g P re c iPita tio n tyPe a n d su rfa e e w in d in the d e v elo Pe d eo u n tr让5 sin ee L o e a l

A F O S 入1 0 5 Pr o g r a m (LA MP) w a s s u g g e s ted by G h la n (19 8 0 )
.

B u t eithe r PPM (Pe rfe e t

Pr o g 一、0 5 15 m e tllo d ) o r M O S o r LA M P 15 r u n o n ly at r eg io n a l a n d n a tio n a l m e te o ro lo g ie a l

c e n te rs 〔R M C s o r N M C s) Pr ePa r in g N W P o 一 m e te o r o lo g ical statio n s w he re Plen ty o f N W P

Ior o d u e ts ea 一1 b e r e e eive d tlir o u g h hig h
一sPeed t elee o m m u n ie at io n lin es

.

F o r sta tio n s u n d e r

p r o r in c ia l o n es i,1 Ch in a W ith o u t the , a b o v e 一m e n tio n ed c o n d itio n s they ha v e to try to u se the

a n a lys e s a n d Pr ed ie tio n Pr o d u c ts fr o m tll e N a tio n al M ete o r o lo gi ea l C e n te r (B M C)
‘) a n d

JM A in fa e sim ile e ll a r ts a n d fr o m E CMW F in g r id
一

Po in t v alu e s
.

T hu s ,

th e b a e kg r o u n d o f

lo e a l in te lp r eta tio n o f N W P Pr o d u et s in the s ta tio n s u n d er Pr o v in eial o n e s in C hin a 15 d iffe
r -

e n t fr o m tha t o f d e v elo Ped e o u n tr ie s in the fo llo w in g a sPe e ts : (l) Po o r ea Pa e ity a n d Ie ss

a c c u r a cy o f p r o d u c ts o f n u m e ric a l m o d e lfr o m fa e sim ile c lla r ts : (2) la c k o f Po te n tia lPre d ieto rs

c ho se n fr o m le ss it em s o f the Pr o d u e ts a v a ila b le : (3 ) d e er e a sin g in the fo r eea st a c eu ra e y o f

MO S e q u a tio ll e a u s ed by th e fr eq u e n t c ha l一g e s o f N W P n l o d el in N M C s a n d R M C s : (4 )

la ek o f o bj e e tive fo re ea st g u id a n e e
.

I一1 v ie w o f tlie a b o v e 一

m en tio n e d fa e ts
,

w e e a , zn o t i丈n ita te in d ise石m jn a te ly the in te rP一et a
-

t 10 一2 te e hn iq u e s a n d n l etho d s d ev e lo Ped in fo re ig n c o u n tr ie s
.

A 亡走en tio n m u s t b e Pa id to

d ev e lo Pillg a fe a sible a n d e
ffe

e tiv e a PPr o a e h fo r the Io e a l o Per a tio n al u se o f N W P Pr o d u e ts

111 C hin a
.

T he a PP ro ae l飞 15 su g g e s te d a s fo llo w s
.

] 1
.

A N A L Y S IS A N D S E L E C T IO N O F PR E D IC T O R S

D u e to the d isad v a n ta g e o u s e o n d itio n s afo r es a id
,

P re d ie to r a n a lysis a n d seleetio n a re

1) BM C did n o t tra n sm it its N W P P ro d u e ts in gl id Po in t va lu es u n til Se Pte m be r 1 9 8 5
.



弓3 6 A CT A M E T E O R O L O G ICA S IN IC A V o l
.

2

the im Po r ta n t ste Ps ,

fo r the w h o le Pr o e ess o f the lo e al o Per a tio n a l u se o f N W P Pr o d u c ts
.

T he m e tho d s e a n b e u se d h er e a s fo llo w s
.

1
.

Us ing M “ltiva r ia ble A n a lysis 几介 rho de ro
Ex

rr a e t M亡f
e o r o

log ie a l 月e ld l叹l乙r , , za zio , Z a , :d

双e o e
dy D 塔e n e

击re J Pr
eal. ero rs

Fa c t o r a n alysis m eth o d
, a b r an eh o f m u ltiv a ria ble a n a lysis

,

15 in tr o d u ee d to e x tr a et

the in fo r m a tio n o f a m e te o ro lo g ie al fi eld to r e m o v e th e r a n d o m n o ise b r o u g h t a b o u t by the

Po o r a c c u r a cy o f the Pr o d u c ts o n fa c sim ile e ha r ts
.

It 15 Pr o v ed tha t the lo n g e r the
v a lid p e -

rio d 15
,

the m o r e su Per io rity th e m e tho d ha s
.

C o n ta in e d in it a re the Fo u r m e th o d s
.

(l) 枷切il
·

ic a l o r th og
o n a l fu

刀 c tio n (E OF) m e tho d

E O F 15 u sed h ere t o e o lle e t the m a in e o m Po n e n ts w h ic h a r e o r th o n o rm aliz e d
.

A n d

e ae h o f the m e o n sists o f a Pa r t o f the w ho le fi eld In fo r m a tio n
.

T h e v a r ia n ee o f th e fi eld ea n

b e e x Pla in e d by a fe w m a in eo m Po n e n t s w hich a r e u sed as Pr ed iet o r s t o m ak e fo r ee a st e q u a -

tio n s
.

B ee a u se o f the o rtho g o n a lity
,
th e m ain e o m Po n en ts ea n b e d r a w n o n e b y o n e , a n d it

15 n o t n ee ess
ari ly t o r e e ale u la te the r e g re ssio n e o effi e ie n ts o f th o se e o m Po n e n ts w hic h h a v e

b een d r aw n in the e q u at io n s
.

O n th e a v er ag e ,

the T
一
seo re o f the m 15 ab o u t 4

.

5 g r e a te r tha n

th at b y th e e q u atio n s m a d e o f s o m e sin g le Pre d ieto r s
(w ith % o m itted

, sim ila rly he r ein a ft e r)
,

e sPeci a lly a b o u t 9
.

8 g re ate r fo r 16 8 a n d 192 h fo re ea sts
.

’)

(2) G Z刀o n ic a l e o r ,
·

ela rio , :
an

a
ly

sis ,、 e tho d

T hi s m e h o d 15 u se d to stu dy the eo rr ela ti o n shiP betw e en tw o v a r ia ble g r o u Ps
.

L e t o n e

g r o u P b e a Pr ed ie ta n d a n d the o the r b e a fo r e e as t fi e ld
, su e h a s 5 00 h Pa g e o Po te n tia l h eig ht

,

8 50 hPa tem Pe ra tu r e ,

70 0 h Pa v o r tieity ete
.

T hu s a fe w ea n o n ic a lv a ri ab les w ith g r e a ter c a n o n
-

ic a l e o r r elatio n e o effi c ie n ts re Pr esen t the m a in e o r r ela tio n b etw ee n the Pre d ieta n d a n d the

fo re ea st fi eld
.

Fu r therm o re
,

th e d istr ibu tio n o f w eig hts in th e e x Pr essio n o f e a n o n iea l v a ria ble

a PPa l
,

e n tly im Plies th e syn o Ptie sig n ifi e a n c e
.

A ft er a n a lysin g s o m e fo r ee a st fi eld s fo r the sa m e

Pre d ie ta n d w ith this m etho d
,

w e ea n o b ta in sev er a l ea n o n iea l v a r ia ble s w hic h hav
e Pa ssed

th e c o n fi d en e e te s t
.

T h ey a re u sed t o d e r iv e fo r e e as t eq u a tio n s
.

It 15 fo u n d tha t in th e n in e

fo re e a st eq u a tio n s e s ta blishe d b y th is m e th o d their T
一s c o re s a r e 9

.

1 hig he r th a n the o Pe r a -

tio n a l o n e s
.

(3 ) CO
r ,

·

esP o , 2苗n g a n a lvs is , n e rho d

U tiliz in g the a n tithetie Pr o p er ty o f s am p le sPa ee a n d v a ri a ble sPae e the c o r r e sPo n d in g

a n a lysis m eth o d 15 a ble t o e o n sid e r the Pre d ieto rs a n d the sam Ple Po in ts o f th e Pr ed ie ta n d o n

a s am e fa e t o r lo a d in g Pla n e
. ’

In the lig ht o f their d istr ib u tio n ,

the Pr ed ie to r s ,

w h ieh a r e e lo se

t o s o m e ea te g o ry sa m Ple s e t o f the Pr ed ie ta n d
, a re sele ete d to d e r iv e th e fo r e e a st e q u a tio n s

.

C o m Pa r ed w ith th e eq u atio n c o n str u e ted by steP
一

w ise se re e n in g m e th o d
,

the e o r r esPo n d in g

a n alysis in c r e a s es a e e u r a ey b y 3
.

7 o n th e a ve ra g e , e sPeeially by 9
.

9 fo r 14 4 h an d 16 8 h

fo fe e a s ts
.

2) In th is p a pe r , a ll r es u lts e x e e p t fo r th o se sp ec iti e d
,

ar e the a ver a g e T 一 sco re o f th e o p er a tio n a l p re e ip i
-

ta tio n o ec u r re n e e Pre d ie tio n (PO P) (l一7 d a ys
) in 1 9 84 一 19 8 6 in S u zh o u M e teo

r o lo g ie a l O b se rv a to r y
,

Jia n g su

Pr o v in Ce
.
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(4 ) 尺i心
e ,

·

绍,
·

e s sio , Z n :e tho d

B e e a txs e o f th e c o llin e a r Pr o Pe r ty a m o n g P re d ieto rs , so m e tim es Pr ed ie to l
·

5 w ith g o o d

syn o Pt ic sig n ifi c a n ee ea lill o t a ll b e d r aw n in to sa m e fo r eea st e q u a tio n b y lin ea r re g re ssio n

zn e t}l o d
, su eh a s s teP

一

w is e se re e n in g r eg r e s sio n m e th o d
.

F o r e x a m Ple
,

wi th r eg a rd s to tw o

Pre d ic to r s r e Pr esen tin g the u PPe r一 a ir ed d y a n d c o rre sPo n d in g su rfa ee eyelo n e r esPee tive ly
,

u su a lly o n ly o n e o f the m is Po ssib ly d r a w n in to th e eq u atio n
.

T ho u g h the o the r ea n b e Pic k ed

u P b y d e c re a sin g the te s t o f e o n fi d e n c e ,
th is w ill m a k e the e stim a ted re g r essjo n e o

effi
eien t

u n s ta b le
.

By a d d in g a sm a ll v a lu e K t o the d iag o n a l ele m en ts o f the Pre d iet o r e o v a ria n ee

In a tr ix
, r id g e r eg r es sio n m e th o d c a n Pre ve n t th e m a tr ix fr o m d eg en er atin g

.

T h u s ,

the

rid g e r eg r essio n c o e伍eien t ea n b e w r itten a s fo llo w s :

刀(K ) ~ (X
r

X 十 K l)
一 ’

X
了
Y

,

w h e r e X 15 th e s a m p le In a t r ix o f Pred ic to rs ,

Y 15 sa m Ple v ec to r o f the Pre d ie ta n d
.

O bv io u sly

th。 e u r v e o f 户(兀)
e a lle d r id g e tr a ee e a n b e o b t a in ed w he n

尤
v a r ies

.

T he r id g e : r a ce 。f

Pr e d jc t o rs jn the 12 0 h fo r eea st eq u a tio n o f PO P in Ju n e a n d Ju ly 15 sh o w n in Fig
.

1
.

O w in g

t o th e c o llin e ar p r o p e r ty b etw ee n x 3 a n d 二 5 ,

厅(o )
o f 二

5

15 v e r }l Sm a ll an d c a n b e e xim in a ted

w he一, 戈。
15 d ra w n in t o the e q u a tio n

.

It 15 e v id en t a ll th e rid g e t ra ee s b ee o m e sta b le a t K 一 0
.

1

a n d 刀(0
.

1) o f 戈
。
in er ea ses a PPa r e n tly

.

T hu s ,
the r id g e r e g re ssio n e q u a tio n in c lu d es 劣 : , 劣 3 , 劣 :

况 : a n d its T
一 se o r e 15 5

.

4 hig h e r tha n tha t d e riv ed b y lin ea r r eg re s sio n m eth o d
.

八np

Fig
.

1
.

T h e rld g e 之ra e e s o f Pre dle to rs in th e 1 2 0 h fo r ee a s t e q u a tio n o f

PO P in Ju n e a n d Ju ly
.

2
.

洲U
, sie a l 」了e lho d

Ph ysie al 一n e tli o d
,

w h ie h r efe r s

Phy siea l c a u se o f w ea the r Pl
l

o e e s s

t o the u sC

fo r m a tio n

o f N W P Pr o d u ets
b a s

由 o n the a n a lysis

w ill stren g the n the Physic a l b a sis o f

0 f

the

in terPre ta tio n w o rk
.

Fo r e x a m Ple
,

the syn o Ptic a n d dyn a m ie a n alysis m eth o d s o f lar g e 一 sea le

d istu rb a n ee r e so lu tio n in w a v e n u m b er a re a PPlie d to the lo e a l o Per a tio n a l u se o f m ed iu m -

r an ge Pr o d u e ts a n d s a tisfa
eto ry re su lts a r e fo u n d a s fo llo w s

.

(l) A e eo rd in g to the Pr ev a ilin g w a v en u m be r fr o m sPec tr u m a n a lysis
,
the d ePe n d e n t

sa m p le s a r e c la ssifi e d to PrePa re fo r ee a st eq u a tio n s
.

T he T
一seo re o f the se eq u a tio n s 15 6 2

.

3
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2

o n the a ver a g e w h ile 5 3
.

0 fo r t ]l e eq u a tio 一1 5 d er iv ed fr o m tll e w ho le sa 一n ple s
.

(2 ) T he stu d y o f tlie dyn a m ic a n a lysis o f the la r g e 一s e ale d istu r b a n e e in w a v e 一

d o zn a , , 1

ha s sho w n th a t th e tr a n sfe r o f a n g u la r m o m en tu m a n d its d iv er只e n e e
,

e n er g y v a ria tio n a n d

tn e n o n lln e a r w a v e In te服 c tlo n a re C lo se re la teQ w lt n t n e m e Q lu m
一
f a n g e v a r la tlo n 0 1 g e n e ra l

ci reu latio n
.

By tak in g s o m e ha rm o n ie w a v e s,

wh ieh m ak e g re a te r e o n trib u tio n t o the o e c u r-

re n ee a n d d ev e loPm e n t o f the

me d iu m
一

ra n ge w e athe r Pro eess ,

the a fo re eited Physie a l q u a n ti
-

ties a r e e alcu lat ed ft o m E CMW F g rid Po in t Pro d u e ts to e o m P o se th e fo re c a st eq u a tio n s
.

T he T- seo r e o f 9 6 h a n d 120 h fo ree a sts o f PO P in Ju n e a n d Ju ly 15 6 9
.

8 a n d 6 2
.

9 0 一飞 th e

a ve r ag e , r e sPee tiv ely
.

T he r e su lts a r e b ette r th a n 60
.

3 a n d 58
.

7 o f the e o rr esPo n d i一1 9 o Pe ra -

tio ll a l fo rCc a st
.

(3) B a se d o n Physie a lr ela tio n shiP
,

m o re Pr e d ie to rs fo r M O S a r e d e ,
·

ivo d fr o m the 11:n it ed

N W P Pr o d u e ts a v aila ble to im Pro v e the ae e u ra ey o fM O S eq u a tio n
.

Fo r i一飞s ta n ce
, a ltho u g h

o n ly 500 hPa heig ht a n d sea su rra e e p r e ssu r e 。f E e众w F g r id p o in t p r o d u e ts a r e a va ila be ,

10 0 0 h Pa heig h t
,

th ie k n e ss o f 50 0 / 10 0 0 hPa
,

ge o str o Phie w in d a n d v o rtie ity a re ea leu la ted a s

Po te n tial Pre d ie to r s
.

1 11
.

C O MPA R ISO N A N D C O MB IN A T IO N O F T H E PR O D U C T S f R OM D IF FE R E N T N U M 王R LC A L

M O D E LS

Fo r lo c a l sta tio n s u n d er Pr o v in eia l o n e s in C hin a
,

thr ee kin d s o f N W P Pr o d u c ts a r e

a v a ila ble a s d eser ib ed in th e in tr o d u etio n o f this Pa Per
.

U sin g Per fe et Pr o g n o sis m e tho d

(PPM )to the a b o v e m e n tio n e d thr e e kin d s o f n u m e rie a l m o d el o u tPu ts
,

the ir fo r ee astin g a bil
-

itie s o n the o Pe ra tio n a l lo e al w e a ther fo r ee a st a r e ev a lu a ted o
bj

e c tiv ely
.

T his e l、a ble s fo r e -

c a ster s to a PPly PPM eq u a tio n s w ith the b e st 11 u m e r ie a l m o d e l o u tPu t fo r v a r io u s se a so n s
.

A s sh o w n in T a b le s 1 a n d Z
,

fo r in sta n ee ,

w h e th e r in sP I
·

in g o r in s Llln m e r the E CMW 厂

Pr o d u ets a re the be st
.

T a b 砚e 1
.

A ver a朗 T
一se o re o f PO P o f Ju n e a lld ju ly

Mo d els J sh

JM A

E CM W F

7 2
.

9

7 6
.

5

72 h

62
.

3

9 6 11 1 Z Oh

一

6 0
.

0

7 8
,

O

5 0
.

0

5 7
.

7

M o d el B 7 2
。

7

7 4
,

3

6 3
。

6

T a ble 2
.

A v era g e T
一se o re o f PO P fr o m M a rch to M a y

_
一节一

~

————
M o d e ls 7 2 11 93 h 1 2 0 h 1小二h 16 8 扭

JMA

E C M W F

5 9
.

9

b 1
.

3

3 3
.

0

6 1 7

5 7
.

0

6 1
.

1

3 0
.

1 6 7 2

B ec a u se o f the Iim ita tio n o f Pro d u e ts
,

the in fo r m a位o n Pr o v id ed by the m m u st b e

u tiliz ed a s fa r a s Po ssible
.

T he thr ee kin d s o f n u m erieal m o d el o u tP一lts in elu d e d iffe
re n t

Pr o d u e ts a n d tli e d i价re n t Pr o d u e ts Pr o vi d e d istin e t fo r ee a stin g in fo r m at io n
.

T h u s the Pr e -

d ict o r s se lee te d fr o m d iffe
r en t n u m eriea l m o d e ls o n d iffe re n t lev els a r e e o m bin ed t o d er iv e

fo re ea st e q u a tio n s 5 0 a s to su PPlem en t the sh o r ta ge o f in fo rm atio n fr o m j
u st o n e n u m e rie al

m o de l
.

Fo r ex a m Ple
, e o m b in in g th e 4 8 h Pr ed ie tio n o f 5 0 0 hp a ge o p o ten tia l heig ll t Pro d ue ed
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by In o d e l B w ith th e 4 8 h Pre d ic tio n o f r a in fa ll an d th e 72 h Pr ed ic tio n o f su rfa e e

Pre ssu r e fo r 7 2 h o u r s Pr o v id ed by JMA m o d el
,

the 7 2 h fo r ee a st eq u a tio n o f the Pr o b ab ility

o f Pl
·

e eiPita tio n o c eu rr e n c e 15 d e r iv ed
.

C o m Pa r iso n s a re m ad e b etw e e n th is e q u a tio n a n d tho se

d e riv ed fr o m th e Pr o d u c t s Pr o d u ee d by sin g le m o d el fr o m M a r eh t o May a s sh o w n in T a ble3
.

1t 15 fo u n d tha t the T- seo r e o f the fo rm er ,
a s e o m Pa r ed w ith th e Ia tte r 15 ra ise d by 4

.

3 to 5
.

8
.

T a b le 3
.

A v er a g e T
一
se o r e o f PO P o f th e T h re e E q u a tio n s D e riv ed b》 龟h e P ro d u e ts fr o m B

,

JM A a n d B
一

卜

JM A Mo d e ls

Y e a r B JM A B + JM A

19 8 3 6 1
。

0 6 0
.

6 64
。

4

19 8 4 5 7 6 2
.

3 6 5
。

8

19 8 5

A v e ra罗

6 1
。

3

5 9
。

8

6 0
。

9

6 1
.

3

6 6
。

5

6 5
。
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SY N T H E T IC ST A T IST ICA L M E T H O D (SSM ) U S E D IN T H E IN T E R PR E T A T IO N O F N W P

PR O D U C T S

In lo ea l o p e ra tio n a l u se o f N W P Pr o d u e ts
,

PPM h a s b ee n e o m Pare d w ith M O S by u sin g

the s a m e Pr ed ie to rs a n d sta tistiea l m e th o d s
.

W ith the e o n sta n t im Pr o v e m en t o f n u m er ie al

m o d els d u r in g the Pa st thr ee yea r s o f 19 8 2 to 19 8 4
,

PPM Pr o v e d a s e
ffe

e tiv e a s MO S sh o w n

11、 T a ble 4
.

A s fo r the Pr in eiPles o f sta tis tiea l m e th o d
,

PPM u tiliz e s the lo n g histo riea l

d a t a t o sPe eify lo ea l w e ath er fr o m their e o n e u r r en t (o r n e a r ly e o n cu rr en
t) w eig hted e o m b in a -

lio n s o f m e te o r o lo g ica l Pa ra m e te r s
.

C o n s eq u e n tly
,

the d eri v ed e q u atio n s a r e sta ble a s

e o m Pa r ed w ith M O S
.

H o

we ve r the bia s a n d in a ee u r a ey o f n u m e r iea l m o d e l Pro d u e ts w ill

in e v ita b ly Pr o d u ee e o r r esPo n d in g e r r o r s in the statistiea l fo r e e a st
.

O n the o th e r ha n d
, ev en

th o u g h th e a rch ivi n g o u tP u t d a t a fr o价 n u m er iea l m o d el 15 n o t lo n g e n o u g h
,

the b ia s a n d

i一l a e e u r a cy o f th e n u m e riea l m o d el
, a s w e ll a s tli e lo ea l e lim a t o lo gy

, a re a u t o m a tie a lly b u ilt

in to M O S fo r e e a st system
.

T h er efo re ,

the c o m bin a tio n o f PPM a n d M O S 15 im Ple m e n ted

b 冬
·

tw o w a ys t o m u k e u P d efi c ie n eie s m u ta u lly
.

Fir s tly tll e PPM fo re c a s t re su lt 15 o
ffe

r ed a s

t11e s o le P re d ie t o r to MO S P r o ee d u r e
.

It 认
,

111 n o t o n ly e o r r e e t the b ia s o f the Pr ed ie to r s ,

b tat a ls o r e一n e d y the in s u ffi c ie n e y o f M O S in fo r m a tio n
.

5 0 it 15 ea lled the e o r re c ted M O S

(C M O S )
.

Se e o n d ly
,
th e p l

·

ed ie to r va lu e fr o m e u r re n t N W P o u t l〕u t 15 e o r r e et e d by a u to r e -

g r e s s , 0 11 m e th o d 〔A R ) o r the g r o u P m e th o d o f d at a h a n d lin g (G MD H ) befo r e it 15 s u b s ti
-

tu t ed t o the PP h4 eq u a tio n (Z h 、1
,

19 8 6 )
.

T he n it 15 c a lle d the e o r r e e ted PP (C PP)
.

W ha t 15

m o r e
.

b e sid e s s o m e d a t a o b serv ed aft er the in itial tim e o f N W P
.

a e eo r d in g to fo r ee a ste r , s

e x Per len c e so m e tlm e一la g Pr ea lc t o r s Io r v a lla Pe rlo a m o re t n a n 乙拜 n
,

w n lc n a r e en ec [ Iv e In

Pr ae tie e
, a r e a ls o in t ro d u e ed in to th e CMO S a n d CPP eq u a tio n s

.

It 15 e v id e n t tha t the fi rst fi v e m e tho d s in T a ble 5 a re sPee ia l ea se s o f SSM
.

In o r d e r to

1llu s tra te it m o r e ele a r ly
,
th e S SM sys te m 15 sh o w n in Fig

.

2
.

J
’

a ble 6 sh o w s the a v er a g e T
-

sc o r e o f S ix m e tho d s o f PpM
,

M O S
,

CM o S
,

C p p
,

S SM (l) a n d S SM (2)
.

It 15 jn d iea ted
tha t th e SSM syste m

,

w hich
o ft en g e ts b et te r T

一
sc o r e tha n o the r In e th o d s ,

15 a PPro Pr ia te fo r

l〕r ePa r in g fo re c a sts w ith in 7 d a ys ,
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2

T a加e 4
.

A v er a罗 T
一seo re o f MO S an d PPM

M
eth o d s 72 h 9 6 h 1 20 h

’

一 , 4 4 h
‘

⋯一
1 68 、 ! ave ra ge

月了门j

:
n曰住」八b105 9

.

2

6 1
.

8

4 8
.

7

57
.

5

6 2
.

1

6 2
.

4

1一
, .

62.65.M O S

PPM

2 4 h 1 4 8 h

6 9一

⋯
〕

‘7 3 一

7 3
·

‘

{
6 3

·

8

6 1
.

8

6 2
.

2

Ta ble 5
.

Fu n e tio n E x Pr ess io n s o f S SM

A e r o n ym D e v e lo Pe d E q u a tio n s A PPlied E q u a tio n s

C S

PPM

M O S

CM O S

C PP

S SM (l)

SSM (2 )

夕, 二 f
,

(X
。

)

夕
,
二 f

Z

(X , )

夕, 二 f
3

(戈 , )

r , = f
;

仁f
:

(戈 , )
,

戈 , 」

夕
,
= f

,

(X , )
,

戈 , = f
。

(戈 , )

夕, = f
6

[X
。,

f
Z

(戈 , )
,

戈 , 〕

夕, = f
,

(X
。,

X , )
,

戈 , 二 f
:

(戈 , )

夕, 二 f
,

(X
。

)

夕, = f
Z

(戈
,

)

夕, 一 f
3

(戈 , )

夕, 二 f
召

仁f
:

(戈
,

)
,

戈 , 〕

r
,
二 f

:

[ f
。

(戈
,

)〕

r , 二 f
。

[ X
n ,

f
一

(戈
,

)
,

戈
,

〕

夕: = f
,

[ X
。,

f
。

(戈 , )〕

* r , sta n d s fo r the e stim a tor s Pr ed ie ted
,

X
。 tim e·la g Pr ed ie to r s ,

X , sim u lta n e o 、一s ]y o bs er v e d Pr e d ie to r s ,

戈 * p re d ie to r s o f N W P Pro d u e ts
,

X r th e e o rrec te d 戈 ,
.

T a bl e T
一se o re s o f M O S

,

PPM
,

CM O S
,

C PP
,

S SM(l) a n d SSM(2 )

V a lid

6
.

A v era ge

* r i。。

! MO S PP M CM O S C PP SSM (l) S SM (2)

7 8
。

4

7 8
。

3

7 5
。

5

7 1
。

4

8 0
.

4

7 8
.

2

67.67.
9 6 6 2 6 1 6 4

6 6
.

7

6 5
.

3

6 3
.

9

6 5
.

2

1 2 0

1 4 4

6 0
.

4

6 1
。

9

6 0
。

7

6 2
。

5

62
,

8 6 2
.

5

6 3
。

4

6 5
.

0

6 6
。

8:
OdC‘八6n匕

1 6 8 5 0
.

3 5 9
。

3 5 8
.

4 6 0
。

0

6 3
.

4

5 9
,

0 5 7
.
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A U T O MA T IC A D JU ST M E N T O F MO S EQ U A T IO N S T O T H E N U M E R IC A L M O D EL

B e ea u se o f th e d iffe re n ce s o f er r o r ehar a Ct eristies
,

u se o f th e n ew m o d el m a y d e e r ea se

the M O S sk ill w ith o u t r ed ev elo Pm en t
.

F o r statio n s u n d er Pr o v in eial o n e s in C h in a ,

it 15

im P o ssib le t o r e一d e r iv e the MO S eq u atio n s fr o m a rc hivin g o u tPu ts o f n e w n u m eri ea l m o d el

in tim e , 5 0 th e im Pa e t d u e to th e m o d e l ch a n g es ea n n o t b e ig n o re d
.

O u r a tten tio n m u st b e

Paid to the r esea rch o f the a u t o m a tie a
dj

u stm en t o f M O S e q u a tio n s to the n u m e riea l m o d el
.

T hre e sta tistiea l me th o d s w ith the a bility o f au to m a tie a
dj

u stm e n t a r e u sed : (1) L o g it

re g r essio n m o d el w ith re eu rsive a lg o r ith m (L R R )(B r elsfo r d
,

19 68 )
,

(2 )in e r ea sin g m e m o ry m o d el

o f lin ea r r e g r es sio n (IMM R )
, an d (3 ) lim ite d m em o ry m o d el o f lin e a r r eg r e ssio n (LMM R )

.

F o r e o m Pa r iso n , r eg r e ssio n estim a tio n o f ev e n t Pr o b a bility (R E E P) Pr o e ed u r e 15 a lso

in tr o d u ee d in the e x
Pe

r im e n t
.

E q u atio n s o f Pr o ba b ility fo r ee a sts fo r th re e r an k ed ea teg o r ies
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4 O PE R A T IO N A L U S E O F N W P PR O D U C T S 5 4 1

M O S

R e s U 】ts o f

P P M M O S

T irn e la g

p 肥 d ie ro 八
C M O S

5 5 卜4 〔 1 )

PPPP MMM

ppp P MMM

CCC P PPPPPPPPPPPPPPPPPPP TTTTTTTTTTTTTTT i一1飞e l过ggg

PPP陀d 孟e to 巧巧

SSS S M 〔 2 )))

F ig
.

2
.

SSM
sys te m

o f Pre eiPita tio n a m o u n ts a r e d er iv e d fr o m the a r e hiv in g o u tPu ts o f JMA
, 5 N H

一

S L a n d 12 L
-

H SM n o o d els (JM A ehan ge d h er o Pe ra tio n al m o d el o n M a rch lst
,

19 8 3) r esPeetiv e ly a n d a re

o Pe r a tio n a lly u se d fo r thr ee ye a r s
.

T a ble 7 sho w s tha t th re e m e tho d s g et the bet te r r esu lts

a n d th eir a u t o m atic a
dj

u stm en t ab ility 15 Pr o v en
.

A m o n g the m L R R a n d IMM R Pr o ve to b e

m u eh m o re e
ffe

e tiv e
.

Fu rt h e

rm
o r e , su eh a c o n elu sio n e an b e r ea ehe d th at n o m a tter w hieh

Pe r io d 15 the va lid tim e a n d w hieh m e th o d 15 u sed
,

the T
一seo re o f the e

qu a tio n s d e riv ed fr o in

tl一e o u tp u t o f the s a m e m o d e1 is be tte r tha n the o th er
,

Th is g iv e s u s a Pr o o f th at the n u -

m e rie a l m o d el eh a n g es m u st r esu lt in lo w e r in g th e a cc u r a ey o f MO S eq u a tio n s
.

T a ble 7
.

A 、℃ra罗 T
一sc o re of Pr o b a bility F o re e a st o f T hr e e R a n k ed C a te go r ie s o f Pre c 1Pita tio n A m o u n ts

M e th o d s

3 6 h {
9 6 h } 1 20 h 1 4 4h

N H
一

SL 11 2L
·

H SM N H
一
SL H SM N H

一
S L 12 L

一

H SM
、

N H
一

SL 12L
一

H SM

L R R 7 3
。

2 7 5
。

4 6获5
7 1 6 3 4 6 1

、

3

:
,自均合比匕一aIM M R 7 1

。

3 7 2
。

6

L M M R 6 7
、

6

6 4
.

6

6 9
.

6

6 6
.

8

6 6
.

3

6 1 7

7 0 5 9
.

1

5 1
.

8

6 4
。

1

5 9
。

9

6 3

R 〔〔P 5 8
.

7

{’Z L
-

⋯

⋯::
{

6 5
。

8

6 4
.

8

弓9
.

2 9 0
.

3

6 0
。

4

5 3
.

8 4 8
.

2

5 2
.

9

5 2
.

3

Sin c e w ha t w e a r e in te r es ted in 15 the a e e u ra e y o f Pr o b a b ility fo re ea s ts o f ra n k ed

e a teg o ries
,

th e r a n k e d Pr o b a b ility sc o r e (E Pst ain
,

19 6 9 )

* 尸: / 一

普
一云
行馨区 )

2 +

(
。

鑫
t

凡
尸

,

艺

u s ed h e r e a s th e b a sic m ea su r e o f a ee u r ae y a n d th e sk ill

\ 刁 l 石
.

l }一 ~ 寸片 二 ) }乞一 7 }
.

厂
/ J 左一 1

昌
’

S C0 fe

S S
R P S , 一 R P S

e

尸尸S
。

X 10 0 %

a re e x Pr essed in T a ble s
,

H er e P
、,

P
Z ,

⋯
,

P *
(k = 3 in th is Pap e r)

,

15 the Pr o b a bility o f寿Po ssib le
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2

c a te g o ries o f Pr ee iPita tio n a m o u n ts
,

j
o ee u r s

.

A n d R P S z 15 the av e r a g e

e lim a to lo g y o n the b a sis o f hist o r iea l

sam e r es u lts a s sho w n }in T a ble 7
,

15 the e a te g o ry o f Pr e c iPita tio n a m o u n ts w h ie h a e tt 怪ally

R P S fo r fo r e ea s t
,

w h ile R P S
。
tlle a v er ag e 尸P S fo r

Pre eiPita tio n d a ta o f 20 yea r s
.

T a b !e 8 in d ie a tes the

T a ble 8
.

R P S 了 a n d 5 5 o f Fo u r M e tho d s

1 2 0h 1 4 4 h

M C th o d S
R P S f

a 口d

况夕

3 6 h 9 6 h

N H
一

SL
,

1 ZL
一

H SM
1

N H
一

SL
1一Z L

.

H sM { N H
-

8L 12 L
一
H S M N H

一

S L 12 L
一

H SM

R P S I

S S

0
.

8 8 2 1 0
.

9 16 0 0 8 4 2 4 0
.

8 7 7 5 0
.

8 6 48 0
.

8 6 4 8 0
.

7 5 7 8
{ 0

.

8 4 2 0

1
.

R R

2 5 2 6 2 3 2 4 2 2 2 2 ] 7 l9

一
‘

一一一
l

一一一一
l一

R P S j

S S

0
.

8 1 4 2 0
。

8 4 8 2 0
.

7 7 2 2 0
.

8 0 7 3 0 7 8 96 0
。

6 7 6 8 0
.

7 9 9 9 0
。

8 4 2 0

IM M R

2 3 2 4 2 l 2 2 2 0 1 7 1 8 1 9

一

尸 P S /

S S

0
.

5 76 7 0
.

6 4 4 5 0
。

5 6 16 0
.

6 3 18 0
.

6 3 9 2 0
.

5 64 0 0
.

6 3 15 0
.

7 15 7

L MM R

16 1 8 1 5 1 7 1 6 14 14 16

R P S j

S S

0
.

5 0 8 9 0
.

5 76 7 0
.

5 6 1 6 0
.

6 6 6 9 0
.

5 6 4 0 0
.

6 0 16 0
.

5 0 5 2 0
.

6 7 3 6

R E E P

1 4 l 6 15 1 8 l4 15 1 1 1 5

T h e v e ri fi ea tio n o f fo u r m eth o d s fo r sev e ra l v a lid Pe r io d s in d ie a tes tha t LR R a n d IMM R

h a v e b ette r a b ility o f a u t o m atie a dj u stm e n t
.

In o r d e r t o fi n d o u t w h ie h ha s q u ic k e r re sPo n se ,

the eh a n g es o f the e a t e g o ry d iffe
r en e e s b e tw e e n fo re e a st a n d o b se r va tio n 15 in v e s tig a te d

w ith the in e re ase o f r e e u r r en e e tim e s
.

It 15 fo u n d fr o m Fig s 3 a n d 4 tha t tw o lin e s o f LR R

r e a e h in c o in eid e n e e aft e r m o r e tha n 2 0 tim e s r e eu r re n ee e alc u la tio n ,

w ll ile a b o u t 30 tim es

fo r IM M R
.

T hu s b o th the in v e stig a tio n o f the a eeu r a e y a n d the r e sP o n se sPe ed o f a u to m a t ie a dj u st
-

m e n t sh o w tha t L R R 15 o n e o f the b est m eth o d s , e sPe e ia lly w h e n the v1 L一rn e ric a l m o d e l 15

eha ll ge d fr eq u e n tly
.

吮。�u。�。��一P̂�0切。�。幼

T i n 生e s

F ig
.

3
.

T h e e ha n g e s o f the e a t e g o r)
,

d iffe re n ce s b e twe
e n the o b se r v a t io n a n d

9 6 h fo r e e a s ti n g e q u a t io n s ba se d o n th e a r e h iv in g d a t a o f 12 L 一
H SM

(so lid lin e ) a n d N H
一SL (d

a she d line ) 宝b r L R R
,
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.
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D E V E L O PIN G O BJE (兀IV F W E A T H E R F O R E C A S T SY S T E M O N M IC R O C O M PU T E R

In o r der to m a k e th e a PPr o a eh a fo r eeited in o Per a tio n al u se ,

it 15 n e eessa ry to d esig n

a su ita b le a pp lie atio n 谷o ft w ar e p ack a g e o n m ic ro c o m p u ter
,

w h ie h is n o t e x p e n siv e a n d e a n

b e a
ffo

r d e d by the statio n s
.

B a se d o n the teoh n iq u e o f d a ta b a se d b a se 一 111
,

w e 一n tr o d u e e

the Prin e iPle o f a rtifi eial in te llig en c e ,
su e h a s in fe r e n ee e n g in e ,

the fo n e tio n o f e x Pla n a tio n

a n d k n o w le d g e ae q u isitio n , e te
. ,

to e o m Plete the o
bj

e e tiv e w e a th e r fo re ea st systern (O 认下 S )

(Re
,

19 86)
.

As
sho w n in Fig

.

5
,

OW FS 15 e o m Po sed o f th r ee fu n e tio n b】o c k s , ea c h o f W h ic h

in d u d es sev era l su b fu n etio n blo e ks
.

T hey ar e sh o w n a s fo llow s
.

1
.

Th
e Fl ln c tio n B lo c/c of

’

尸as e Md n a g e川en t

U sin g d ba se一111 m a n a g eme
n t fu n c tio n , u n d e r a b atc h o r d e r b y m ea n s o f m u ltista g e

su b m e n u tr ee
,

the fu n etio n o f a d d in g
, e lim in a tin g

,

d e忱e tin g
, r ev isin g a n d tab u la tin g a r e ea r -

ried o u t fo r the b a se s o f N W P Pr o d u ets
, o b se r ve d d a ta

,

fo re ea st eq u a tio n s a n d Pro e e ssed

Pr ed ie to r s
,

A n d th e e x ehan g e a n d sh a re o f d ata b e tw ee n d b a se 一

111 a n d Pr o g r a m m e o f a d
-

va n eed a lg o r ithm ie lan g u a g e ar e a ls o r e aliz e d
.

2
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Th
e 声初刀erl’O n Blo ek of Kn

o w le dg e A e分。I’s ilio n
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bj

ee tiv ely e v alu ate the k n o w le d g e a lr e a d y sto re d in the sys te m a n d

u Pd a te it
.

Fo r in sta n ee ,

in ste ad
o f the d e g e n e ra te d fo r ee a st eq u a tio n s, n ew eq u a tio n s w ith

sa tisfa c to ry ac c u r a ey a re led in to the syste m
,
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Th
e
Fu nc tio n B le ck of Fo re cas t APP lic a

tl’o n

T he blo ck c a n a u to m a tiea lly sel eet the e ssent ia l dat a fo r Pre Pa rin g fo r e ea st fr o m k n o w
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led g e b a se
.

T hen sev e ra l fo re ea st re su lts ar e in fe rre d by the fu n e tio n o f in fe r e n ce su b
一

b lo ek

t o d e term in e th e eq u ati o n s w b ich hav e b e tte r a ccu r ae y in r eee n t Peri o d an d t o g et the

fi n al fo re ea st w ith e
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.

A ee o r d in g to Pr ed ieto r selee ti o n a n d fo re ea st m e tho d s ,
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o Pe r atio n s o f d ete etin g
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.
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X T to Pre Pa r e PO P
,

th e Pr o ba b ility o f ea te g o r ie s o f Pre eiPita tio n a m o u n t s a n d m a x irn u m
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m in im u m a n d d a ily
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.
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一se o r e o f PO P fo r fo r ee ast
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,

6 a n d 7 day s fr o m 19 84 to 19 8 6 a n d its in er e m en ts re la tiv e

to h isto ri c al a v er a ge a c eu r ae y o f tr ad itio n a l m etho d s ,
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9 fo r fo r ee a st tim e
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.

B ee a u se th ere 15 n o histo r iea l a v er a g e T
一se o r e fo r

m o r e than 3
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d a y fo r ee ast
,
the in e r em en ts o f 4 t o 7 d ays a re r e la tiv e t o the h is t o r ie al a ve r -
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T h o
ug h the Pe rio d o f o Per a tio n a l u se 15 n o t 】o n g en o u gh to g et r id o f s o m e fo r tu ity

a ttach ed m o re o r le ss , a ll ab o ve
一

m ent io n ed r esu lts ha v e Pa sse d th e test by a eo n fid en ee o f

0
.

0 5
.

T h er efo re th is a PPr o a eh e a n g u a r a n te e hig her T
一 se o r e th a n tr a d itio n al m etho d s a n d

im Pr o v e the ae eu r a ey o f d a ily o Pe ra tio n a l w ea the r fo r eea sts
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esp ee ially fo r eea sts fr o m 3

to 6 d a ys
.

T his e
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.
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.
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,
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,
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fe a sib le a n d e
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