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A S IM PL E P R O G N O S T IC C L O S U R E A S S U M PT IO N

T O D E E P C O N V E C T IV E PA R AM E T E R IZ A T IO N : 11

Ch
e n D eh u i(陈德辉) a n d Ph illPP

e

BO ug
e a u lt

C e n tre N a tio n a lde R ee he rc he M 色t仑o r o lo g iq u e
,

3 10 57 T o u lo u 父 C 亡d e x ,

Fr a n c e

R e ee iv e d A u g u st 2 9
,

19 9 2 ; r e v ise d o e to b er lZ
,

19 9 2

A B ST R A CT

A se rie s o f3 D P r ed ietio n s ,

d e a lin g w ith the d e v elo Pm e n t o f a he a v y sto rm o b se r v ed d u rin g the 0 S CA R ex P erim e n t ,

w e re ea r rie d o u t by u tiliz in g the PE R ID O T m o d e l
, a n d in tr o d u e in g a lte r n a tiv e ly the e u m u lu s Pa r a m e teriz a tio n se he m e

o f B o u g e a u lt (1 9 8 5 ) a n d th e Pr o g n o stie o n e (Ch en ,

19 8 9 ; C he n a n d B o u g ea u lt
,

1 99 3 )
,

w ith th r e e d iffe
r e n t g rid siz es :

16 0 k m
,

8 0 km
,

4 0 k m
.

T h e fe a s ibility o fthe n e w Pr o g n o s tic sc he m e a n d its 而Pr o v e m e n t o n the Pr o ble m o fd e Pen d e
nc y

o f th e Pre d ie ted ra in fa ll u Po n the g rid siz e o f the n u m e ri e a l m o d e lw e r e ve rifi ed b y eo m P a riso n o f the ra in fa ll o b se r ve d

a n d th o se P re d ie te d
.

T he r es u lts d em o n str a te th a t,

in g en er a l
, the P r ed ie te d r a in fa ll in e re a ses w hen the g r id siz e d e er e a ses fo r b o th

d ia g n o s tie a n d P r o g n o stie sc he m e s
.

H ow ev e r ,

w ith th e n

洲 P r o g n o stic sc he m e , the n

um
erie a l m o d e l 15 ea P a ble

,
o n th e

o n e ha n d
,

fo r the la r g e r g r id siz es , to in e r e a se th e r a in fa ll
,

w hieh 15 u n d e
卜

e stim a ted w ith the sc he m e o f B o u g ea u lt

(19 8 5 ); o n the a n o th er ha n d
,

fo r the sm a lle r g rid siz e s
,

to r e d u e e the ra in fa ll
,

w hie h 15 u su a lly o v e r一e stim a ted
.

In o the r

w o rd
,

the r e 15 a n o b v io u s im P r o v e m e n t o n the P r o b lem u n d e r stu d y
.

K e y w o r d s : Pr o g n o stie e lo su r e a ssu m P tio n
,
e o n v e e tio n Pa ra m e te riz a tio n

,

lD ex Perim e n t . se n sitiv ity ex P erim e n t

IN T R O D U CT IO N

In th e e o m Pa n io n Pa Per (C he
n a n d B o u ge a u lt

,

19 9 3)
,

w e have d ev elo Ped a n e w Pro g n o stic

e u m u lu s Par a m e te r iz a ti o n sch em e
,

w hich 15 the o re tica lly ba s
ed

o n a n id e a tha t a e u m u lu s

p a ra m ete r iz a tio n sc he m e a d a p ta ble to s o m e n u m eriea l w e a the r Pre d ietio n (N W P) m
o d e ls w ith

v ery sm a llm e sh m u st r e ly u Po n Pr o g n o stie e o n v ee ti v e q u a n ti tie s r ePre sen tin g th e c u m u lu s a e tiv
-

ity
, a n d a su ita ble elo su r e a ssu m Ptio n

.

W
e ha v e Pr esent ed th e s

em i巾
r o g n o stic te sts w ith a

o n e一d im en sio n a l e x Perim en t in e o m Pa riso n w ith th e o b se rv a tio n a l d a ta se t o f Ph a se 111 o f

G A T E
.

T he n e w seh em e sta b ility a n d e o n sis te n e y w ith the d yn a m ie m o d el
, a n d its g o o d a g r ee -

m en t w ith th e o b se rv a tio n a ld a ta set h av e b ee n esta blish ed
.

H o w ev e r ,

th e a sse ssm e n t o f th e sche m e in thr e e一d im en sio n al ex Pe rim en ts 15 m u eh m o re in
·

te re s tin g fo r th e fe a sibility in Pre d ietio n ,

b e e au se it 15 a n im Po r ta n t Pr o ble m w he the r the c u m u
·

lu s Pa ra m ete riz a tio n seh em e 15 eo he re n t o r n o t w ith the w ho le N W P m o d e l
,

in e lu d in g a ll o th er

Ph ysic a l Pa r a m e te riz a tio n se hem es
.

In a d d itio n , sin ce the u ltim a te Pu rPo se o f o u r w o rk 15 to

stu d y a n d t o a tte m Pt to r eso lv e th e Pr o b lem o f th e Pr e d ie ted r a in fa llsen sib ility to the g r id siz e o f

th e n u m e ri c a l m o d el
, a n d sin ee the fo re in g e n v ir o n m en t a n d th e g ri d siz e a re a ssu m e d to b e

“ sta tio n a ry
"

in o n
e-- d im e n sio n a l ex Pe rim e n ts a s u su a lly d o n e , a eo m Ple te in ve

stig a tio n in

th re
e-- d im en sio n a lex Perim e n ts 15 in d ee d n e ee ssa ry

.

So m e in v e stig a tio n s o f the Pro g n o stie se h em e w ith a n e w e lo su r e a ss u m Ptio n (E q
.

(19 )
,
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C he n a n d B o u g e a u lt
,

19 9 3
,

C B Z fo r sho r t he r e in a ft e r) a r e p r e se n ted in S eetio n 111 a ft e r a b r ie f

d e sc r iPtio n o f the N W P m o d el a n d the d a ta s e t u sed in See tio n 11
.

A e o n elu sio n o f the

thr e e一d im e n sio n a l e x Pe r im e n t re su lts 15 g iv e n in Se etio n IV
.

11
.

3 D E X PE R IM E N T S

In o rd e r to e st a blish the fe a sibility o f th e n ew Pr o g n o stic se hem e , a n d t o e v a lu a te its e ffi
-

ci en ey in a r e a le a se fo r r e s o lv in g th e Pr o blem o f d e Pe n d en ee o f the Pr ed ic ted r a in fa ll u Po n the

g ri d size
,

w e h a ve r u n th e PE R ID O T m o d el(PE R ID O T 15 th e n a m e fo r the Fren
eh fi n e m esh

lim ite d a re a o Pe r a tio n a l m o d el)
.

In elu d in g a lter n a ti v ely the Pr o g n o stic se h em e a n d th e B 8 5

(B o u g ea u lt
,

19 8 5 ) se hem e ,

the fo r eea sts w er e Pr o d u e ed fo r a e a se o f h ea v y sto rm d ev elo Pm e n t

a n d w ith d iffe
r en t g r id siz e s : 16 0 km

,

80 km
,

4 0 km
.

T h e r esu lts o f o u r tw o 一d im e n sio n a l ex Perim en ts (C h en ,

19 8 9 ) sho w e d th a t
, a lth o u g h the

Pr o g n o stie a PPr o ae h d id r ed u ee the se n sitiv ity o f the ra in fa llt o the g ri d siz e
,

b u t 15 n o t su ffi ci e n t

to e a n ee l it
,

b e ea u se th e m o d el
,

w ith th e hyd r o sta tic a PPr o x im a tio n , e o u ld in d u e e still to o

la rg e sea le e ir eu la tio n w hie h m a y g en e r a te m o r e Pr ee iPita tio n s fo r the sm a lle r g rid siz e

(△ x < 100 km )
.

F in a lly
,

w e d id fi n d th a t th e Pr o g n o stic se hem e ,

w ith the n ew e lo su r e a ssu m P
-

tio n fo r the R a te o fM o istu re C o n v e r g en e e (R M C
,

E q
.

(19 )
,

C B Z)
,

g a v e bette r re su lts
.

5 0 ,

w e

ha v e in tr o d u e ed th e C BZ s c h em e fo r the th r e
e-- d im e n sio n a l ex

pe
r im e n ts

.

T h e e sse n tia l r esu lts

w illb e re Po r ted in n e x t see tio n
.

1
.

尸石尺了刀口T M
o de la n d 口S C A R D a ta set

T he PE R ID O T m o d e l 15 b o th in o Pe r a tio n a l u se (sin ee the b e
gi

n n in g o f 19 8 5 ) fo r Pr o
-

d u ein g ev e ry d a y fo r eea sts o v er Fr a n e e a n d its im m ed ia te su r r o u n d in g s
,
a n d in r ese a r e h u se fo r

the m eso se a le n u m e ric a l ex Per im en ts
.

A d eta iled d e se r iPtio n o f th e m o d el 15 gi
v en in Im ba r d e t

a l
.

(19 8 7 )
, a n d G e le yn et a l

.

(19 8 8)
.

H ere a re so m e m a in fe a tu r es : N o n lin e a r n o r m a l m o d e

in itia liza tio n (Bri ere
,

19 8 2 ): D yn a m ic : 15 二leve ls w ith th e u su a lve r tiea l sta g ge ri n g a m o n g th e

d yn a m ie a n d th er m o dy n a m ie v a ria ble s , a n d a n A r a k aw a C一g rid fo r h o riz o n ta l fi eld s : D a v ies

te c hn iq u e fo r la te r a l b o u n d a ry c o n d itio n s (D av ies
,

19 7 6): sem i一im Pli eit le a P一fr o g se hem
e :

, ho riz o n ta ld i而
sio n ; E n v e lo p e 。 r o g r a ph y: m 十J百

· 。 ,

(w ith 0 m ea n v a lu 。 a n d 。‘ sta n d a rd

d ev ia tio n a s d ed u ee d fr o m the 16
‘ x 16

‘
U S N a Vy d a ta ); Ph ysic s : K e ssle r tyPe ev a Po r a ti o n o f

r a in fa ll fo r la rge 一se a le e o n d e n sa tio n (th e ex ee ss w a ter v a Po u r
be yo n d lim it sa tu r a tio n c o n -

d en se s a n d fa lls o u t a s la r g e一 se a le eo n d e n sa tio n ): K u o 一tyPe seh em e fo r d eeP e o n v ee tio n

(G eleyn ,

19 8 5); E C MW F一tyPe se hem e fo r PB L Pa r a m e te riz a tio n
(L o u is

,

19 7 9 ); M o d ifi ed

形
e ha rd so n N u m b e r ’ 5 a PPr o ae h fo r Pa r a m e teriz in g the e

ffe
e ts o f sh a llo w c o n vec tio n (G e le yn ,

19 8 6 )
.

T he O S C A R (O x id a tio n a n d Se a v en g in g C ha r a e teristies o f A Pri l R a in ) d a ta set w a s Pr o v id
-

ed by N C A R fo r the Pe r io d fr o m 0 0 G MT 2 2 A Pr ilto 0 0 G M T 2 5 A Pril 19 8 1
, e v e ry 12 h o u r s

.

It

e o v er s a d o m a in 4 6 X 6 1 Po in ts w ith △ x = 16 0 k m o v e r th e S o u the a st o f U n ite d S ta te s (F ig
.

l)
,

a n d e o n ta in s 14 sta n d a rd Pre s s u r e le ve ls fo r te m Pe r a tu r e , r ela tiv e h u m id ity a n d w in d s
.

T he d o
-

m a in w a s Pr
oj

e ete d by a eo n fo rm L am be rt m e th o d a n d ee n ter ed a t 9 0
0

W
,

4 0
0

N
,

T his d a ta se t

w a s in terP o la ted in to g r id Po in ts o f PE R ID O T m o d el by D e g a rd in a n d Im b a r d (1 9 8 7 )
.

T h ey

h av e u se d th ese a n a ly se d d a ta t o Pr o d u e e fo r ee a sts w ith PE R ID O T m o d e lfo r ta kin g Pa r t in a n

in ter e o m Pa ris o n Pr
oj

e c t b e tw e en d iffe
r en t m eso se a le m o d els Pr o Po sed by N C A R

.
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D e s e r勿tio n
of E ⋯甲e r

l’m
e n ts

(l)So m e m o

哪介
a tio n s

T he PE R ID O T m o d e lw a s ru n in o u r e x Pe rim en ts w ith so m e m o d ifi e a tio n s : T he ho riz o n ta l

d iffu
sio n w a s e stim a ted in 4 (in stea d o r Z

); th e seh em e o f sh a llo w e o n v e etio n w a s ta k e n o ff

fo r a v o id in g u n u sa ble e o m Plie a tio n o f the Pr o blem : the seh em e o f d ee P eo n v e etio n w a s r ePla ee d

a lter n a tiv ely by th e B 8 5 seh em e an d th e C B Z se hem e : th e 1 5 吓一lev els o f the EM E R A U D E m o d
-

el w a s in tr o d u ee d (E M E R A U n E 15 the n a m e fo r a n o the r F re n c h sp e etru m la rg e一sc a le

o Per a tio n a l m o d e l)
.

(2)Ne
s te d do m a in s

T h r ee d iffe
r e n t g rid siz es (△ x = 1 60 k m

,

8 0 k m
,

4 0 k m ) w e re u sed fo r in v e stig a tin g the

Pro blem o f d e Pe n d e n ee o f th e Pre d ic ted r a in fa ll u Po n the g rid siz e
.

T h eir
“ n e sted

”

d o m a in s o f

e x p erim en ts a r e sh o w n in Fig
·

l
·

T he a r e a a v e r a g e r a in fa ll o v e r th e c o n tro llin g d o m a in R , w a s

160 k m (4石x 6 1)

一一产嚓拼“袱袱袱袱袱袱袱袱袱袱袱袱袱袱袱袱袱袱袱袱袱袱袱袱袱月月 {
一 ’

万补扎
。

丫
.. -

{
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贾贾
箭万

一

}}}
声声声

仁仁
lllll

⋯诊诊
:价价价

}}}}
、月月月月月月月月月 一

‘
沪沪沪

lllllllllll

丫丫丫
寸寸寸寸寸寸 ,

..,,,口口口口口口 IIIII

口口口口口口

l
-

二
‘-----

lllllllllll

、
、
。。。

,,,,,,,,
...............

lllllllllllllll
..... 一 , ‘ ~ l

___________

)))))
---------

}}}}}厂 {
. _

三三三
}}} l 绝绝L一 , 之 ‘,,

lll 、、 一一

厂
一

欠丁
- -

一了了
~ . 子- 一~ . -

一一,, 、、
.....

...

卜卜、、 、、 口口 、、、

一人
、

}}}
““

-----

Fig
.

1
.

N e sted d o m a in s o f th e Pr e d ie tio n s w ith d iffe re n t g r id sc a Ie s , u tiliz in g th e ex Pe rim en t 0 SC A R d a ta
.

T he la r g est

b o x 15 fo r the P r ed ie tio n s w ith g rid sea le △
x = 16 0 km (g rid Pio n ts : 4 6 x 6 1): th e sec o n d b o x w ith △

x = 8 0 k m

(g rid p io n ts : 5 7 x 6 1): the th ir d b o x w ith △
x = 4 0 km (g rid p io n ts : 8 9 x 9 7 ): the sm a lle st b o x 15 a e o n tr o llin g d o

-

m a in fo r the a r ea a v e r a g e r a in fa ll
.
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estim a ted b y

. ‘刀 j

、.夕
苦

(ni
l

△S

·

艺R ,

(iJ)
‘

△x Z

一一
工R
夕

W he re
凡(i

,

nj the g r id

j) d en o tes th e r a in fa ll a cc u m u la ted
o ve r 2 4 h o u r s a t a g iv en g rid Po in t (i

,

j) :

月廿
·

月夕

Po in t n u m be rs in X, Y a x es o f th e e o n tr o llin g d o m a in : △S (
一 艺△

x

乙)
‘he ‘o ‘a‘

a re a o f e o n tr o llin g d o m a in (1
.

km ,
)

.

T he c o n tr o llin g d o m a in

峪 = 1

e
. ,

fo r g r id siz e
△ x = 16 0 km

, n i = 19
,

nj = 17
,

△ S 澎 8 2 6 8 8 0 0

15 id e n tic a l fo r a ll d iffe re n t g rid siz e s (△ x = 16 0 k m
,

80 k m
,

4 0

km ) 5 0 th a t the a r e a a v e r a g e r a in fa ll R
, c a n

be
c o m p a r a ble

·

(3 )In itia lda ta

A lle x Per im e n ts fo r
△ x = 16 0 km w er e in itia liz ed to Pr o d u ee a 4 8一h fo re ea st fr o m 0 0 G MT

2 2 A Pril to 0 0 G M T 2 4 APril 19 8 1
,

w ith th e sa m e a n a lyse d d a ta a s tho se D eg a r d in a n d Im b a rd

(19 8 7 ) h a v e u sed
.

E a e h se rie s o f ex Perim e n ts (△ x = 16 0 k m ~ △ x = 8 0 k m ~ △x = 4 0 k m ) w a s

ru n in a 5 0 一e a lled
“ n e ste d

”

w a y (Fig s
.

1 an d Z)
.

T he a n a lyse d d a ta fi le s w e re u sed a s in Pu t一fi le s

o n ly fo r th e fo r e c a sts w ith △x = 16 0 km
.

T he Pr ed iete d d a ta fi le s w ith △x = 16 0 k m w e re u sed

a s in p u t一fi le s fo r the fo re c a sts w ith △ x = 8 0 km
.

T h e Pr e d ie ted d a ta fi le s w ith △x = 8 0 km w e r e

u sed a s in Pu t一fi les fo r the fo re ea sts w ith △ x = 4 0 km
.

Fo re ea sts w ith △ x = 8 0 km
,

4 0 k m sta r t
-

e d in 12 ho u r s la te r (a t 12 G M T 2 2 A Pri l) fo r a v o id in g the e
ffe

e ts o f sPin u P
.

(4 )Co 咤ffi
c ic n t 马

It 15 a d iffi eu lt e ho iee fo r the
马

c o e ffi c ien t
.

A t the p r e se n t ti m e ,

it w a s d e term in e d in a n

e m Pir ie a lw a y su
bj

e et t o ee r ta in eo n s tr a in ts r eq u irin g re a so n a b le a r ea a v er a g e Pr ed iete d r a in fa ll
.

W
e su PPo sed :

一
,

△ x
、 。

七
, .

= 《, 万- - - 一

)
p

、

己x0
’

(2 )

w h er e a 15 a n o n 一d im e n sio n a l Pa r a m e ter to be d e te rm in e d ; △ x th e g rid siz e o f th e h o st m o d el

(in km ): △ xo the g rid siz e o f re fe re n e e
.

T he o r e tic a lly
,

w h e n
△~ △ x 。

,

马~ 1
.

In th is e a se ,

the

N W p m o d el w o u ld g iv e b etter fo r ec a st
·

In fa c t
,

T a b le 2 sh o w e d tha t R , o bta in e d w ith the

p r o g n o stic s c hem e ,

w h er e
马 = l (C B I

,

in the fo llo w in g )
,

△ x = 8 0 km
,

15 n e a rly e q u a l to o b se r
-

v a tio n : 5
.

0 5 m m (Pre d ie tio n ) ag a in st 5
.

0 2 m m (o bs erv a tio n )
.

T h u s ,

w e e o n sid er :
△ x0 二 8 0 km

.

F o r the Pa ra m ete r a ,

w e o Ptim iz ed it by so m e test Pr ed ic tio n s
.

O u r ZD e x Pe rim e n ts (C h en ,

19 8 9 )
a n d 3 D e x Pe r im en ts (C h en ,

19 9 1) d em o n str a te d th a t its v a lu e e o u ld b e b etw een l一2
.

Fin ally
,

w e to o k a 二 2
,

tha t 15

一 △ x
、
2

叭 一 L厄万)
·

(3 )

It 15 o bv io u s her e tha t w he n th e g r id siz e o f the h o st m o d el 15 d iffe
r en t fr o m 80 k m

,

the
马

c o effi c ien t m ay b e s u p e rio r o r in fe rio r to l
·

W h en 马 > 1
,

it 15 fo u n d fo r the sa m e
j
u stifi c a ti o n a s

K r ishn a m u r ti e t a l
.

(19 8 3); w h en
马< l

,

it m ea n s to d ec re a se the v er tic a lm o istu r e a d v ee tio n (5 0
,

R M C ) ge n e r a ted by th e g r id一sea le eir eu la tio n s

间
,

w h ie h u su a lly a re a lso in d u c e d in a

m eso se a le h yd r o s ta tiea l a PPr o x im a tio n m o d el
.

Fin a lly
,

w ith th is fo rm
u la tio n E q

.

(3)
,

w e o b
-

ta in e d be tte r fo re ea sts
.
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A n a lyse d d a ta (160 k m )

22 / 0 4 / 19 82 a t 0 0 G M T (0 0 h )

2 2 / 0 4 / 19 82 a t lZ G M T (1 2 h )

2 3 / 0 4 / 19 8 2 a t 0 0 G M T (24 h)

2 3 / 0 4 / 19 8 2 a t 12 G M T (3 6 h )

24 / 0 4 / 19 8 2 a t 0 0 G M T (4 8 h )

F o

rec
a sts (16o k m )

In Pu t (16 0 km )0 0 h一 12 h一 24 h一3 6 h一4 8 h

o u tn u t (16 0 km ) 0 0 h 一 12 h一 2 4 h一3 6 h一4 8 h

In terp o la tio n

In Pu t (16 0 km )0 0 h一 12 h一 2 4 h一 36 h一4 8 h

o u to u t〔80 k m 、0 0 h一 1 2 h一2 4 h 一3 6 h

F o reca sts (80 k m )

In P u t (8 0 km )0 0 h一 IZh一 2 4 h一 3 6 h

O u to u t (8 0 km ) 0 0 h一O6 h 一 12 h一 1 8 h一2 4 h一30 h 一3 6 h

In te甲o la tio n

In P u t (8 0 km )00 h刁6 h 一1 2 h一 18 h 一2 4 h一3 0 h 一36 h

O u tD U t (4 0 k m ) 0 0 h一0 6 h一 1 2 h一 18 h 一2 4 h一3 0 h一 36 h

IIIn P u t (4 0 k m )0 0 h一0 6 h一 12 h一 18 h一2 4 h一 3 0 h一3 6 hhh

ooo u tp u t (4 0 km )OD hee 0 3 h一0 6 h一0 9 h 一 12 h一 1 5 h一 18 h to 2 1 h一 2 4 h一2 7 h一 30 h一3 3h 一3 6 hhh

Fig
.

2
.

F lo w d ia g r a m o f the e x p e rim en ts w ith d iffe re n t g rid se a les

T a ble 1
.

B rie f S u m m a ry o f th e E x
pe

rim en ts w ith D iffe
r e n t G rid Se a le s a n d D iffe

ren t C o n v ee tiv e P a r a m o te riz a tio n

Sc he m e s

S Che m e s
N o

.

e x p
·

G rid一siz e s (k m ) R a n g es
(h ) 件 马

160804016080B 8 5

B 8 5

B 8 5

n000nn
�、�凡曰rjr、��砂、山、�

8
ro6
0八‘U‘U只664

, ,,、�通峙,、,j4飞
J,j

C B I

1 10 1

1 10 2

1 10 3

3 1 1 1

C B I 3 1 12

C B I 3 1 13

C B Z 6 3 0 1

00
O八4C B Z

C B Z

6 3 0 2

6 3 0 3

(△
x / 5 0 ) 2

(△ x / 5 0 ) 2

(△
x / 5 0 ) 2
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111
.

R E SU L T S

A b rie f s u m m a ry o f the ex Pe r im e n ts 15 g iv e n in T a b le 1
.

W
e n o te th a t the K u o 一tyPe

seh em e
, u sed e v ery d ay fo r th e o Per a tio n a l PE R ID O T

,

w a s n o t e o m Pa re d h er e w ith the n e w

Pr o g n o stie se he m e ,

bu t th e la tte r w a s d o n e o n ly w ith th e B 8 5 se he m e ,

b eea u se th e re s u lts fo r the

sa m e e a se o bta in ed b y D e g a r d in a n d Im ba r d (19 8 7) in d iea te d th a t the B 8 5 seh em e w a s b e tte r

a d a Pte d to th e e a se eh o se n th an the K u o 一tyPe sche m e
.

1
.

A n a
ly

s ed M e te o r o l’啥才亡口ZSi ru a
tio

n

T his ea s e w a s eh o se n fo r sev e r a ltim e s : e ithe r b y K u o et al
.

(19 8 5) fo r testin g the a ec u r a e y

o f traj ee to ry m o d els
, o r by D e g a r d in a n d Im b a r d (19 8 7) fo r a sse ssin g the PE R ID O T m o d el o f

th e Fr en c h W
e a th er S er v iee

.

A b r ief su m m a ry o f this e ase w a s g iv e n b y K u o et a l
.

(19 8 5 )
.

D u r
-

in g th e Per io d o f 2 2一 2 5 A Pr il 19 8 1
, o n e e o u ld o bse r v e a Pa ssa g e o f e ye lo n e , n am ed O S CA R

sto rm (K u o et a l
. ,

19 8 5 )
, a sso e ia te d w ith a e o ld fr o n t system o v e r the so u thw e ste rn to

F 19
.

3
.

S ea le v e lP re s s u r e a n a lys is fi eld d u rin g th e e x
pe

rim e n t O SC A R (fr o m K u o e t a l
. ,

19 8 5 ): (a ) a t 00 G M T 2 2 A Pril

1 9 8 1 ; (b )a t 0 0 G M T 2 5 A Pr il l9 8 1
.

Fig
.

4
.

8 5 0 h p a a n a lysis a t 0 0 G M T 2 4 A p r il 19 8 1 : (a )g e o p o ten tia l fi e ld : (b) w in d fi e ld
.
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Fig
.

5
.

A s in Fig
.

4
,

b u t fo r 4 8 h fo r

eca
st, sta r tin g a t 0 0 G M T 2 2 A Pr il 19 8 1

, w ith the g rid sea le △
x = 1 60 k m a n d the

C B Z se hem e
-

so u th ea ste r n U n ite d S ta te s
.

T h e O S C A R sto rm be g a n to fo rm
a t 0 0 G M T 2 2 A Pr il 19 8 1 o v er

D a k o ta s
(F ig

.

3a )
.

T h en
,

it w a s in ten si fi e d d u r in g its m ov in g to th e E a st U n ited St a te s , a n d re
-

su lted in a str o n g fr o n ta l r a in b an d
.

4 8 ho u r s la tter
,

th e r ain fa ll re a eh ed its m a x im u m (5 0
~ es ~

7 0 m m o v er 2 4 h o u r s
,

Fig
.

6 ) a t 0 0 G M T 24 A Pri l 19 8 1 a t the o n e o 而
n g o f e a ste rn eo a st o f the

U n ited Sta te s (Fig
.

3 b)
.

W he n th e O SC A R sto rm w ea k en ed
,

the ra in fa lld e er ea se d eo n sid er a b ly
.

o u r 4 8一h fo r ee a sts e o rre sPo n d to the m o m en t a t w h ich the m a x im u m r a in fa ll15 in o ee u r r e n e e
.

2
.

G e
op

o

ten
tia l卢’ie lds

a n d 环
/ in d Fi e

lde

T he a n a lysed g eo Po te n tia l fi eld a n d w in d fi eld a t 8 5 0 h Pa ar e sho w n in F ig
.

4 fo r A Pr il2 4
,

19 8 1 a t 0 0 G M T
.

T he Pre d ie te d o n es a re illu str a te d in Fig
.

5 fo r th e e x Pe rim en t w ith the C BZ

sc h em e ,

△ x = 16 0 km
.

F ig
.

4 sh o w s th a t the O SC A R sto rm
,

w ith a ee n tr a l g e o Po te n tia l o f

1 27 5 m
,

m o v e d to the o n eo mi
n g o f e a ste r n e o a st o f the U n ite d sta tes

, o ee u Pyin g m o st o f th e e x -

pe
r im en t

’ 5 c o n tr o llin g d o m a in
.

T his syn o Ptie a l situ a tio n in lo w a ltitu d e c o u ld be eh a r a e teri z e d

b y a n o the r str o n g m ar in e cyc lo n e (n e a rly u n m o v a ble) a t the n o rthe a ster n o f the O S C A R st o rm
.

A e o m Pa riso n o f Fig s
.

4 a n d 5 elea rly sho w s tha t the Pr ed ie tio n s
,

w ith the C BZ se he m e , o f the

O SC A R sto rm
a n d the a sso ci a te d g e n er a l eir eu la tio n s , eithe r its Po sitio n o r its in te n sity

, a re

e x tre m e ly in re a so n a ble a g r ee m en t w ith o bse rv a tio n s (ee
n tr a l g eo Po ten tia l o f the O SC A R

sto rm
: 12 9 2 m Pr ed ie te d a g a in st 12 7 5 m o b se rv ed )

.

3
.

R “御厂hll 声’ields

T he Pr ed ic tio n s ,

w ith the B 8 5 se hem e fo r th e g e o Po te n tia l fi e ld s a n d w in d fi eld s (n o t

sh o w e d he r e , r efe r t o C he n
,

19 9 1)
, a r e in g en er a l a s w el l a s w ith th e C B Z sehe m e , e x e e Pt fo r th e

in ten sity w h ie h w a s m o r e u n d e r estim a te d (ee n tr a lg e o Po t e n tia lo f th e O SC A R st o r m : 12 9 2 m by

the C BZ sc he m e a g a in st 1 30 7 m b y the B8 5 se hem e)
.

A s a e o n se q u en ee
,

the B 8 5 seh em e e o u ld

n o t Pr o d u ee 5 0 m u c h the r ain fa lltha n th e C B Z sehe m e (F ig
.

7 )
.

Fu r the

rm
o r e ,

w e fo u n d th a t the

ra in fa ll fi eld s Pr o d u c ed by th e B 8 5 se he m e b e c am e m o re a n d m o r e in ten se th a n th o se by the

C B Z sehe m e w he n the g r id siz es d e er ea se (Fig s
.

7
,

8 a n d g )
, a lth o u g h the r a in ba n d in sid e the

e o n tr o llin g d o m a in w a s , a s w ell a s in b o th sc he m e s ,

m a d e c lo se to th e o b ser v ed o n e
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Fig
.

6
.

24一h r a in fa ll o b se r v ed d u rin g the ex P erim en t O SCA R
,
e n d in g a t 0 0 G MT 24 A p ril 19 8 1 (P

r o v id e d b y L a w n a m )
-

T he d o m a in o f o b ser v a tio n e o rre sp o n d s to the Pr ed ie tio n d o m a in w ith △
x = 80 k m (se e Fig

.

l)
.

In te rv a ls be
-

tw ee n iso lin e s : 1
.

5
.

10
.

20
.

3 0
.

4 0
.

5 0
.

10 0 m m
.

Fig
.

7
.

2 4一h r a in fa ll Pre d ie te d w ith the g ri d se a le △ x = 1 60 km
, e n d in g a t 0 0 G MT 2 4 A P ril 19 8 1: (a ) w ith the CB Z

sc he m e ; (b) w ith the B 8 5 sc he m e
.

In te r v a ls be tw ee n is o lin e s : l
,

5
,

1 0
,

2 0
,

3 0
,

4 0
,

5 0
,

10() m m
.

F ig
.

8
.

A s in Fig
.

7
,

b u t fo r
△x = 8 0 km

.



2 20 A CT A M E T E O R O LO G IC A SIN IC A V o l
.

7

F19
.

9
.

A s in Fig
.

7
,

b u t fo r
△x = 4 0 k m

.

Fig 尾0
.

V a r ia tio n s o f the a rea a ve r a g e 24一 h r a in fa ll Fig
.

1 1
.

v a r ia tio n s o f the a re a a v e r a g e 2 4一h la rge--
se a le

o v e r th e e o n tro llin g d o m a in w ith the d iffe
re n t a n d e o n

ve
e tiv e sc a le r a in fa ll o v er the e o n tr o llin g

g rid se a les :
△ x = 16 0 km

,

△
x = 80 km

, a n d d o m a in w ith the d iffe re n t g rid se a le s :
△x = I60 k m

,

△ x = 40 k m
.

L ine--
“
B 8 5

”
15 fo r the B 8 5 △ x “ 8 0 k m

, a n d △
x = 4 0 km

.

L in e一 “
B 8 5 L

”

is fo r

se
he m e : lin e--

“
O B S

” : o bse rv a tio n : lin份 th e la rg e 一 sea le ra in fa ll w ith the B 8 5 se he m e ; lin e 一

“
C B I

” : C B I sc he m e : lin e ~ “

C B Z
” : CB Z

‘
B 8 5C

” : e o n v ee tiv e r a in fa ll w ith the B 8 5 sc h em e ;

sch em e
.

lin e--
“
C B ZL

” : la r g e--
sea le r a in fa ll w ith th e C B Z

sc h em e ; li n e 一 “

C B ZC
” : e o n v e e tio n r ain fa llw ith the

CB Z sehe m e
.

(Fig s 6一 9 )
.

W e n o te he r e tha t sev er a l to o h ea v y r ain a r ea s w ere ge n e r a ted w ith b o th

sehem
e s fo r the g ri d size △x = 16 0 km

,

bu t we re n o t in o cc u r

ren ce fo r th e

gri d siz es △x = 8 0 km

a n d △ x = 4 0 km
.

T his d efe et w o u ld be r ela te d to the inc
o r r ee t in itia l d a ta in b o u n d a ry o f the

e x Perim e n t d o m a in
.

4
.

Va
r ia t to n s

of the A r e a A ve r
ag

e R a inj 乙11

T he v a ria tio n s o f the a re a a ve r a g e r a in fa ll R ,

(E q
·

(l)) W ith th e d iffe
r e n t g rid siz e s



N 0
.

2 A S SU M PT IO N T O D E E P C O N V E CT IV E PA R A M E T E R IZ A T IO N : 11 2 2 1

△ x = 16 0 km
,

8 0 km a n d 4 0 km
,

w e re illu str a te d in Fig
.

10
, o fw hieh n u m e r ie a lv a lu e s a re liste d

in T ab le 2
.

G en er a lly
,

w h en th e g r id siz es dec r e a se ,

the Pr ed ie te d r a in fa ll in er e a ses (F ig
.

10 )
.

So m e lim ited im Pr o v em e n ts d e a lin g w ith the d ePen d e n e e Pr o b le m o f r a in fa ll u Po n g r id siz es

c o u ld e ve n b e d o n e b y th e C B I seh em e
.

Fo r thi s e a se ,

th e o Ptim u m eh o iee s o f the g r id siz e a n d

the c o n v e etiv e Pa r a m e te riz a tio n s eh em e a re △ x = 8 0 km a n d the Pr o g n o stic C B I se he m e

(T a ble Z)
.

B u t
,

the C B Z se he m e d id g iv e a be tte r so lu tio n e o n ee r n in g the d ePe n d e n e e Pr o b le m

u n d er stu d y (Fig
·

10 )
·

In d e ed
,
the r a tio o f the a r ea ave r a罗 ra in fa ll R ,

b e tw ee n g rid siz es

△ x = 4 0 km a n d △ x = 16 0 km 15 a b o u t 15 6
.

6% fo r the B 8 5 se hem e ; 14 9
.

1% fo r the C B I

se he m e , a n d 1 10
.

3% fo r the C B Z sc hem e (T a b le Z)
.

In o th er w o r d s ,

w he n the g r id siz e s d ee r ea se

fr o m △ x = 16 0 k m to △ x = 4 0 km
,

th e r a in fa ll in e r ea se s b y 56
.

6 % fo r the B 8 5 sc h em e , o n ly

10
.

3% fo r th e C B Z seh em e
.

T a b le 2
.

A r ea A v er a g e 2 4一h R a 一n fa ll o v e r the C o n tr o llin g D o m a in (o b serv a tio n s a n d Pr e d ie tio n s) w ith D iffe
r e n t G r id

Sea le s a n d D il】七r e n t C o n v e e tiv e P a r a m e te riz a tio n Sc he m e s

S e hem e s 1 6 0 km 4 0 k m 4 0 k m 今

B 8 5 3
.

8 9 5
.

1 6 6
.

0 9 1 5 6 6

5
.

0 5 5
.

9 5 1
.

4 9 1

4
.

7 6 4 名3 10 3

O户00g
f、�

:
2�4C B I

C B Z

o b s e rv a tio n 5
.

0 2 1
.

0 0 0

* r p 一 R , (△
x = 4 0 k m ) / R , (△

x 一 1 6 0 k m )
·

5
.

Va
r ia tto n s

of rhe L a rg e 一Sc a le a n d C o n v e e ti v e sc a le R a
inj 改11

M o re o v e r ,

it 15 in te re s tin g t o s e Pa r a te ly e x a m in e th e e o n t rib u tio n s o f th e la r g e一s e a le a n d

e o n v e e tiv e se a le r a in fa lls ,

w hie h a r e illu s tr a te d in F ig
.

1 1
,

to the d e Pe n d e n e e o f to ta l ra in fa ll u P
-

o n g r id s iz e s
.

F ig
.

1 1 sh o w s t ha t w ith th e B 8 5 se he m e
,

th e la rg e一s e a le ra in fa ll e h a n g e s a little

w ith g r id s iz e s ,

b u t the e o n v e c tiv e r a in fa ll 15 m o r e se n s itiv e to g rid s iz e s
.

A s a e o n s e q u e n e e ,

th e

t o ta l r a in fa ll d e Pe n d s u Po n g r id siz e s a e e o r d in g to th e e o n t r ib u t io n o f th e e o n v e c tive r a in fa ll
.

F o r th e e a s e o f th e C B Z se he m e ,

it 15 n o s u e h a PPa re n t
.

W
e fo u n d th a t t he C B Z s e h e m e e a n in

-

c re a s e m u e h t he e o n v e c tiv e r a in fa ll fo r g r e a te r g r id s iz e s ( o r d e e r e a s e fo r sm a lle r g ri d s iz e s) w it h

r e g a r d to th o s e o b ta in e d b y th e B 8 5 s c he m e
.

H o w e v e r ,

th e la r g e 一s e a le ra in fa ll d e e r e a s e s fo r

g r e a te r g r id s iz e s (o r in c r e a s e s fo r s m a lle r g r id s iz e s ) a t the s a m e tim e
.

T his e o m Pe n s a tio n (Po s i
-

tiv e o r n e g a tiv e ) o f th e e o n v e e t iv e r a in fa ll b y th e la r g e 一s e a le r a in fa ll m a d e m o r e e o m Ple x the

Pr o b le m a b o u t d e Pe n d e n ce o f ra in fa ll u Po n th e g r id s iz e
.

I t 15 a m aj o r d iffi e u lty w hie h k e e Ps u s

fr o m o p tim iz in g e a s ily a s u ita b le e q u a tio n fo r the d e p e n d e n c e o f马
c o e ffi c ie n t

·

I V
.

C O N C L U S I O N

B a s e d o n a Pro g n o s tie a PPr o a e h a n d a n e w c lo s u r e a s s u m Ptio n w ith a d a m Pin g m e s o se a le

P a r a m e te r in th e R M C
,

w e h a v e e a r r ie d o u t a g r a d u a l a n d s ys te m a tie a l e x Pe r im e n ts in I D
,

ZD

a n d 3 D t o w a r d s the Pu r Po se o f d e fi n in g a n e w e o n v e e tiv e Pa r a m e te r iz a tio n sc he m e ,

th a t w o u ld

ha v e a e a Pa e ity to w o r k e q u a lly w e ll in N W P m o d e ls w ith g r id s iz e s r a n g in g fr o m 10 k m t o

10 0 k m
.

T he Pe r fo rm
a n e e o f t he Pr o g n o s tie se h e m e w ith th e n e w c lo su r e a s s u m Ptio n ha s b e e n e v a l

-

u a te d b y the Pr e d ie t io n s w ith t he d a ta o f t he e x Pe r im e n t O SC A R
.

T he g e o Po te n t ia l fi e ld
,

w in d
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fi e ld a n d ra in ba n d a sso c ia ted h ave bee n re a so n a b ly sim u la ted
.

U s u a lly
,

w he n th e g ri d size s o f

th e h o st m o d el d e c r e a se ,

the a re a a v e r a g e r a in fa ll in e r ea ses : 5 6
.

6% o f in e re a sin g fo r th e B 8 5

seh em e a n d 10
.

3% o n ly fo r the C B Z se he m e
.

It 15 w e ll o bv io u s fo r the im p r o v e m e n t o n th is

Pr o blem b y th e Pr o
gn

o sti c s
ch

e m e w ith the n ew c lo su re a ssu m Ptio n
.

T ha t 15 p r o b a b ly d u e to th e

ea Pac ity o f the la tte r to in d u ee m o re m eso sea le e ire u la tio n s fo r g r ea te r g rid size s a n d to re d u ee

(o r d a m p) m o r e la r ge--
sea le o n es fo r sm a ller g rid siz e s

.

In fa c t
,

th e v e r tie a l in teg r a tio n o f E q s
.

(2 ) a n d (19)(see C h e n a n d B o u ge a u lt
,

19 9 3 )r e su lts in

丁
p ,

斡
刁I

.

业
g

(4 )
p ‘

一

{
’‘

、
.

(。
,

一 刃
.

粤
名

fo r th e B 8 5 se h em e a n d

丁
p r

鲤
J I

.

业 =
p 矛

g 丁K
’

(q
。

一刃
·

尸b p 六

业 + △F
_

+ A
‘

g

,

~
. 、 , .

口戊

一 !七
。

一 l ,
.

A 十

—p ,
O t

「
尸 ,

(生二丝
J 尸 b L

.

业
g

(5)

fo r the p r o g n o stic sc he亩e w ith the n ew e lo su re a ssu m p tio n ,

w h er e A , ,

A
, an d △凡 d e n o te the

v er tiea l in te g r a ls o f the h o riz o n ta l
, v e r tie a l a d v ee tio n s , a n d the v e r tic a l d iffu

sio n fl u x o f m o is
-

tu r e
.

T he en v iro n m en ta l m o iste n in g e a n be o n ly d u e to the d e tr ain ed e lo u d hu m id ity in the B 8 5

se he m e (E q
.

(4 ))
.

It 15 a lso th e e a se w ith the o th er K u o 一ty Pe se he m e s (K u o ,

19 6 5 : 19 7 4 : A n the s ,

19 7 7 : G e leyn ,

19 8 5)
.

o n th e e o n tr a ry
,

in the C BZ se he m e ,

th e en vi ro n m e n ta l m o is te n in g ea n be

d u t to n o t o n ly the d e tr a in e d c lo u d h u m id ity
,
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