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,
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,

B e
iji

n g 1 0 00 8 1
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A B ST R A C T

T h e e o m P a r ls o n a n a lyses b e tw ee n tw o tr o Pie a l d eP r e ssio n s in th e So u th C hin a Se a a r e e o m Ple te d b y n u m e rie a l e x
-

Pe r lln e n t s w ith a llm lte d a r e a m o d e ld e ve lo Ped in G u a n g z h o u In stitu te o f T r o Piea l a n d o e e an ie M e te o r o lo g y
.

o n e o f the

d e P re ss一o n s d ev e lo P s a n d fi n a lly b e e o m e s a tyPh o o n w ith in 2 4 h o u r s o f the a n a lyz in g Per io d (d e fi n ed a s D V D he r ea ft e r)
,

a n d th e o th er n o t (d e fi n ed a s U N D V D )
.

T he a n a lyse s sho w tha t the ir in itia l str u e tu r es o f tem pe
r a tu r e ,

h u m id ity
.

Pr e ,
-

s u r e
.

w in d a n d st a b ility a r e o b v io u sly d iffe
r e n t fr o m ea e h o the r

.

T h er e a re a v e ry d ee P w et la yer a n d a e le a r w a r m 一e o r e d

5 t r u c tu r e 一n the m ld一lo w e r t r o Po sPhe r e in th e d e Pr e ssio n a re a in the D V D ea se
,

b u t w ith th e w a rm e o r e in the u PPe r

r a th e r th a n lo w er t ro p o sPhe r e a n d a ve ry sh a llo w w e t la ye r in the lo w e r tr o Po sPhe r e in the d e Pr e s sio n a r e a in the

U N D V D c a se
.

T h e d e ve lo P in g a n d n o n 一d ev e lo Pin g P r o e esse s a re su e ee ssfu lly sim u la te d by th e m o d el
,
sho w in g tha t rhe

C ISK m e eh a n : sm Pla ys the m o st im Po r ta n t r o le in the d ev e lo Pm e n t o f SC SD s (T r o Pie a lD ePre ssio n s in the S o u th C hin a

S e a )
.

S ev e r a l n u m e r ie a l e x Pe r im en ts sh o w tha t the s tr u c tu re s o f hu m id ity a n d tem Pe r a tu r e in the d e Pr e ssio n a re a ha v e

lm p o rt a n r e
ffe

c t o n the d e v e lo p m en t o fS C SD s
.

It is fa v o u r a ble to the d e v elo Pm e n t o f SC SD s w hen a ve ry d e eP w e t la ye r

e x l s ts 一n th e m id一 lo w e r t r o P o sPh er e o r a w a r m 一e o re d str u e tu r e e x ists in th e m id一 lo w e r tr o P o sPhere in stea d o f in u PPe r

t r o Po sp h e r e a n d e o n v e r s e ly
,

xt 1 5 u n fa v o u r a b le to the d e v elo Pm en t o f S CS D s w hen the w e t la yer 15 ve ry sha llo w in the

lo w e r t r o Po sPh e r e o r th e w a r m 一e o r e d stru etu re 15 in the u PPe r t r o P o sPhe r e r a the r th a n in m id 一lo w e r tr o Po sPh e re
.

T h e

5 t r ue t u r e s o f sta b zl一ty fo r e a e h ea se a r e a lso a n a ly se d
, w hieh sho w s e v id e n t d iffe

r e n c e s be tw e en th e tw o ea se s ,

w ith a

d ee Pe r In sta b lll ty la yer in the D V D ea se a n d a sha llo w e r o n e in the U N D V D ea se
.

Fin a lly
,

the se n sitiv ity o f the d ev e l
-

o PI刀e n t o f th e SC SD s to th e v e r t一c a l st r u e tu r es o fh u m 一d ity a n d te m Pe r a tu re in th e d e P re ssio n a r e a is d ise u sse d
.

K ey w o rd s : n u m e r一e a l m o d ellin g
,

d e PP r ess io n s in th e S o u th C hin a Se a , sta b ility
, st r u e tu re s o f tem Pe r a tu re a n d h u m id ity

IN T R O D U CT IO N

T r o Pie a ld e Pr essio n s o e eu r fr eq u e n tly in So u th C h in a Se a (a b o u t 10 ev e ry yea r )
, so m e o f

them d e v elo P in to tyPh o o n s a n d so m e n o t
.

T h ey ha v e in te n siv e im Pa e ts o n the w e a the r in c o a s t
-

a1 S o u th C h in a , a n d e lo sely r ela ted t o th e w e a the r Pr e d ietio n in this a r ea
.

5 0 ,

it 15 n e c e ss a ry to

stu d y the p r o c e sse s a n d m e c ha n ism s g o v e r n in g th e d ev e lo Pm e n t o f the S C SD s
.

z h a n g (19 7 8 )
,

M eB r id e a n d R a ym o n d (19 8 1) a n d Lia n g a n d Z h an g (19 8 9 ) m a d e c o m Pa r iso n b e tw e en d ev e l
-

o p in g a n d n o n 一d ev e lo p in g tr o p ie a leye lo n e s b y m ea n s o f syn o p tie a n a lysis o r eo m Po sitio n , a n d

L iu a n d L ia n g (19 8 8 ) d ia g n o sed th e Ph ysie al fa et o r s a t fo u r d ev e lo Pin g sta g e s o f th e life eye le

fo r th e SC S D
.

S o m e dyn a m iea la n d th e

rm
o dyn a m ie a l fe a tu r es ha v e b ee n re v ea led by th em

, a n d

the im Po r ta n e e o f the C IS K a n d th e e x isten c e o f d iffe
r e n c e s in th e str u e tu r e s o f te m Pe r a tu re an d

hu m id ity b e tw e e n d ev e lo Pin g a n d n o n 一d e ve lo p in g SC SD s h a v e a ls o bee n em p h a siz e d
.
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H o w e v er , n o n u m e r ie a l m o d e llin g stu dy ha s be en fo u n d in this a re a ,

b u t it 15 v e ry n e e e ssa ry
.

W ith the n u m e r ic a lm o d e llin g
,

w e c a n e hee k th e r o le o f a sin g le fa e to r (e
.

g
. ,

its v a lu e o r d istr lb u
-

tio n ) o r Pr o e ess (e
.

g
. , c o n v e etiv e he a tin g ) ae e o r d in g to o u r Pu 印o se s

.

In a d d itio n , n u m e ric a l

sim u la tio n g iv es a c o n tin u o u s tim e se rie s o f a Pr o e e s s ,

w ith w hieh w e c a n d o m o r e d et aile d a n a
-

lysis
.

T h is ta k e s a d v a n ta g e o f th a t in sy n o Ptie a n a lysis
,

w h ieh 15 b a sed o n ra the r d is c r e te d a ta
.

T he r efo r e ,

w e try to st u d y the Pr o c es s a n d m e c ha n ism s o f the d ev e lo Pm e n t o f SC S D s by m e a n s

o f n u m e r ie a le x Per im en ts
.

11
.

D A T A A N D M O D E L

T he 7一lev e lg rid d a ta (2
.

5
0 火 2

.

5
0

) a n alyz e d b y E CMW F a re u s ed to g et the m o d elg r id v a l
-

u e s thr o u g h lin e a r sPa tia l in terPo la tio n
.

T he 6一le v el lim ite d a r ea Pr im itiv e e q u a tio n m o d e l

(c o m m o n ly k n o w n a s “

T L 6
”

) d ev e lo Pe d in G u a n gZ ho u In stitu te o f T r o Pie a la n d O ee a n ie M e
-

te o r o lo gy in 19 8 7 15 u sed
,

w h ieh c o n sists o f tw o Pa r ts
, o n e 15 th e la r g e m e sh m o d el w hic h u se s

fi x ed la ter a l b o u n d a ry e o n d itio n s ,

w ith g r id le n g th o f ab o u t 3
0

la titu d e s a n d e x te n t o f 5 0 oE to

170
o

E an d 30
0

5 t o 4 5
o

N
、 a n d the o the r the fi n e m esh m o d e l w h ieh g e ts the la te r a l e o n d itio n s

fr o m the la r g e m e sh m o d el by o n e w a y n e stin g
,

w ith g r id le n g th o f a b o u t 1
.

5
0

la titu d e s a n d e x
-

te n t o f a b o u t 3 5 0 0 km in th e sid e len g th
.

M o st o f th e b a sie Phy sie a lPr o ee sse s a re in elu d ed in the

m o d el
, a n d a d e ta iled d e seriPtio n a n d the e o r r e sp o n d in g

‘

p re d ic tio n te sts o f th e m o d e l e a n b e

se e n in X u e et a l
.

(19 5 8 )
.

111
.

CA SE S A N D SY N O PT IC A N A L Y S IS

1
.

B r

ief D e s e r iP lio n
of lhe

Pr
o e

ess
e s

T w o tr o Pic a l e yc lo n e Pr o ee sse s in the S o u th C h in a Se a a r e selee ted a t r a n d o m
,

b e tw e e n

w h ie h o n e d e ve lo Ps a n d b e e o m e s a tyPh o o n an d th e o th er n o t
.

T he fi r st Pr o ee ss (A u g
.

2一 10
,

19 8 1) o rig in a tes in th e d is t u r b a n c e s o f su m m e r m o n s o o n

fl o w in S o u th C h in a Se a (1 3
o

N
,

1 12
oE )

,

m o v e s slo w ly n o r the a stw a r d s a n d st re n g the n s ,
the n

_

h p a

10 U0

0 0 (Z )

‘Jn气一O户n,00O产n,q
�

A u g
,

3

hP a

10 0 5

10 0 0

99 5
0 (Z )

Ju ly s

F l g
.

1
.

T im e v a r i a tio n o f s e a le v e lPr e s s u r e ln th e d e P r e s s io n e e n te r

“

T
” sh o w s th e t im e it d e v e lo p s i n t o a tyPh o o n

.

(a ) th e e a s e

1 9 8 5
.

T h e b a r u n d e r “ s
’

d e n o te s t h e p e ri o d 肠 r s tu d y
,

fo r A u g
.

3一 7
,

1 9 8 1 : (b ) th e e a s e fo r Ju ly s一 9
、
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F 一9 2 In 一t ra 1 s t r e a m fi e ld s o n 5 0 0 hP a a n d 8 50 hP a : (a ) a n d (b) a t 12 0 0 A u gu s t 4

,

1 9 8 1
,

(c ) a n d (d ) a t l2 0 0 Ju ly 6
,

19 8 5
.

d e v elo Ps ; n t o a tyPho o n (T yPho o n N o
.

8 1 1 1
,

R o y)a t 0 0 Z S A u g u st
,

w ith the m a x im u m w in d o f

2 0 m / 5 a n d s tr e n g th e n s fu rthe r a ft e rw a r d s
.

Fig
.

la sho w s the tim e v a ria tio n o f the S LP

(se a一lev el Pr ess u re ) in th e eyelo n e ee n te r fo r th is ea se
.

T he S e e o n d p r o c e ss (Ju ly Z一 9
,

19 8 5 ) o rig in a te s in tr o Pie a l w e ster n Pae ifi c (s
o

N
,

1 3 6
o E )

,

m o v e s n o r th w e s tw a rd fa s t a n d g r a d u a lly s t re n g the n s a t the e a r ly s tag e
.

O n Ju ly 6
,

it e n te r s in to

th e S o u th C hin a Se a ,

w ith the S LP n ea r th e c e n te r g o in g d o w n to 9 9 8 h Pa sha rPly
.

B u t in stea d

o f d e v e lo Pin g fu r the r in to tyPh o o n ,

it re m a in s s te a d y fo r a b o u t tw o d a ys a n d fi n ally w e a k e n s ,

w ith the m a x 一m u m w in d o f o n ly 15 m / 5 in this Pr o eess
.

F ig
.

lb g iv e s the tim e v a r ia tio n o f the

S LP fo r th is e a s e
.

T o m a k e the e o m Pa r is o n s tu dy o f the tw o d iffe
r en t SC SD s (o n e d e v elo Ps in to tyPho o n a n d

tl飞e o the r n o t)
,

w e c h o o se 12 2 A u g
.

4
,

19 8 1 a n d 12 Z Ju ly 6
,

19 8 5 a s th e in itia ltim e s fo r e a eh c a s e

r e sPe e tiv e ly
, a n d m a k e 2 4一h P r ed ie tio n s

.

W e ea n see fr o m F ig
.

1 tha t
,

d u r in g th e a b o v e selee ted

Pe rio d s ,

the D V D d ev e lo Ps a n d bee o m es a tyPho o n a t 0 0 2
,

A u g
.

5 (i
.

e
.

it 15 d e v elo Pin g )
, a n d the

U N D V D sh o w s u n d e v elo Pm e n t
,

b u t k e ePs ste a dy in ste a d (i
.

e
. ,

it 15 n o n 一d ev elo Pin g )
.

2
.

C o , ,切a r 行o n A n a勺
, 5 15 be lw e e n In ilia lFi e

lds of the

孙
0 C a s e s

F19 5
.

Za a n d Zb g ive o u t th e in itia l 50 0 h Pa a n d 8 50 h Pa s tr e a m fi e ld s fo r th e D V D a n d

U N D V D r e sPe e tiv ely
.

In F ig
.

2
,

it ea n b e se e n th a t o b v io u s d iffe
re n c es ex ist in the e ir e u la tio n fe a tu r e s o f th e tw o

e a s e s
.

In the D V D e a s e ,

the su m m e r m o n s o o n fl o w a n d th e d e eP e q u at o r ia lw ester lie s st re te hi n g

e a s tw a rd t o 16 0
o

E a re v e ry str o n g
,

w ith r e m a rk a b le w e ster lie s in 5 0 0 hPa in the m o n so o n a r ea
,

A

m o n s o o n tr o u g h Pa tte r n d o m in a te s fr o m In d ia n O ee a n to th e S o u th C hin a Se a , a n d th e w este rn
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Pa e ifi e su b tr o Pie a l hig h 15 w ea k a n d w ith d r a w s e a stw a rd s , a ee o m Pa n ie d by the T yPh o o n

N o
.

8 1 10 n e a r Ja Pa n
.

A n d the r e a re str o n g a n tieyc lo n ic fl o w s a t 5 0 0 hPa o v e r C h in a a n d w este r
-

lies to the s o u th o f the S o u th C hin a Sea ,

w hieh fo r m s a st r o n g she a r tr o u g h in the D V D

a r e a
.

M e a n w hile the c ye lo n ie eire u la tio n 15 w ea k e r ,

w ith e lo sed cyelo xiic str e a m lin e s a t 8 50 hPa

a n d u n e lo sed a t 5 0 0 hPa ,

w h ere it 15 d o m in a ted b y sha rP shea r tr o u g h
.

H o w ev e r
,

in th e

U N D V D ea se ,

it sh o w s e n tir ely d iffe
re n t fe a t u r es ,

w ith s tr o n g w e ste r n Pa c ifi e s u bt ro Piea l h lg h

a n d tr a d e
w.i

n d
,

w hie h str e teh es w e stw a r d s t o a b o u t 1 30
o

E
, a n d sha llo w e r m o n s o o n w este r lie s ,

w h ic h c a n n o t str ete h to 5 0 0 hPa
.

T h e d e Pr essio n lo c a tin g b etw e en the tra d e w in d s a n d the m o n
-

so o n w e ster lie s 15 v ery d e eP
,

w ith e lo sed str e a m lin e s a t b o th 8 5 0 hPa a n d 50 0hPa ,

bu t the e ire u
-

la tio n ee n ter 15 n o t o v erla PPin g
.
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3
.

L o n g 主tu d e 一h e 孟g h t e r o s s s e e t io n s o f m e rjd jo n a l w in d y ( a ) a n d (b )
,

g e 6 Po t e n t ia l h e 一g h t H ( e ) a n d ( d )
.

te m
-

Pe r a tu r e T ( e )
a n d (0 a n d r e la t iv e hu m id i ty 尺H (g ) a n d (h)

, w h e r e H a n d T a r e th e d e v ia t一o n s fr o m th e l r

lo n g it u d i n a l m e a n s a n d th e e o n to u r i n te r v a ls fo r y
,

H
,

T a n d 尺万 a r e 2
.

5 m / s
,

10 g Pm
,

l
“
C a n d 10 %

.

r e sp e e ti v e ly
.

F ig s
.

3 a
,

3 e
,

3 e a n d 3 9 fo r A u g
.

4
,

19 8 1 a n d F ig s
.

3b
.

3 d
,

3f a n d 3 h fo r j u ly 6
,

19 8 5
.
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T o s tu dy the m o r e d e ta ile d fe a tu r es a n d d iffe
re n e es in th e str u etu r es o f te m Per a tu r e ,

hu m id
-

ity
,

Pr e s s u r e a n d w in d b e tw ee n th e tw o d ePr e ssio n s ,

F ig
.

3 giv e s th e lo n g itu d in a l一v e r tiea l

er o ss一see tio n s o f the a b o v e fa et o r s a er o ss th e ce n te r s o f th e tw o d ePr essio n s r e sPec tive ly
.

Fr o m

Fig
.

3 w e see th a t
,

(a ) in the D V D c a se
,

th e e ye lo n ie fl o w 15 w ea k a n d sh allo w
, a n d 15 o n ly

str o n g e r a t 8 5 0 h Pa : b u t in the U N D V D e a se ,
th e eire u la tio n 15 st ro n g e r a n d d e ePer ,

w ith the

s tr o n g e st fl o w o c e u r r in g a t 5 0 0 h Pa in stea d o f a t 8 50 h Pa ; (b ) the D V D h a s a sm a lle r ho riz o n ta l

s c a le o f a b o u t 7
.

s
o

la titu d e s (w h ere the h o r iz o n tal se a le d e fi n
ed

a s th e d ista n ce b etw e en the m a x -

im u m s o u th e rlies a n d th e m a x im u m n o r the rlies in th e d ePr essio n a r ea );
’

w h ile th e U N D V D ha s

a la r g e r ho riz o n ta l s c a le o f a b o u t 10一 12
.

s
o

la titu d es
.

T he la titu d in a l一v er tiea l see tio n s o f w in d

。 (n o t sh o w n ) a ls o sho w the sim ila r r esu lts
.

A s to th e he igh t (o r Pre ssu re ) str u e tu r e ,

it 15 fo u n d

tha r in th e D V D c a se ,

th e lo w 15 r e m a rk a b le (w ith n eg a ti v e d evi a tio n s g r ea ter th a n 10 m )o n ly

b elo w 7 0 0 hPa , a n d 15 a lm o st a b sen t a bo v e it ; bu t in the U N D V D c a se ,

the re m a r k a b le lo w

P r e ssu re e a n str e teh u P to 3 0 0 hPa
.

T h is a g a in im Plie s th a t the D V D 15 sh allo w e r a n d th e

U N D V D 15 d ee Pe r a t th eir in itia l tim e s
.

W h ile the tem Per a tu r e see tio n s sho w tha t
,

in the D V D

e a se
,

th e r e 15 a w a rm 一 e o re d stru et u r e (w ith d ev ia tio n s g r ea te r th a n + l“C ) a t lo w er lev e ls o f th e

hP a

卜卜一一一一

—
1 8《)一一一一一一一一一一一州州

111
.

111
___ j OUUU

一一
3 5 0- ~ se一一一一一一一一一一一一一一
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子尸尸一一 - - - 一- - - - ~ 一~~~
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0 130
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o
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F lg
.

4
.

S a m e a s Fig
.

3
,

b u t fo r 口,
.
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2 0 U
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.
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5
.

T h e h e ig h t一 tim e s e c t io n o f v o r t ie i ty ( V O R )( a ) a n d (b ) a n d d i ve r g e n c e (D I V ) (e ) a n d (d ) in

a r e a i n n u m e r ie al p r e d ie t io n s
.

T h e e o n t o u r in te rv a ls fo r v o R a n d n lv a r e 0
.

5 x 10
一5 5 一 l a

r e sPe e t一v e ly
.

t h e d e P re s s io n

n d 4 x 10一s一 l
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0 1

.

6

tr o Po sPh er e fr o m 8 5 0 hPa to 5 0 0hPa ,

w ith the m a x im u m Po sitiv e d ev ia tio n v a lu e a t 7 0 0 h Pa
.

a n d n o w a r m e o r e e x is ts in u PPer lev e ls : b u t in v e r se ly
,

in the U N D V D e a se
,

the w a rm 一 c o re d

str u e tu re e x is ts in the u PPe r le v els (a b o u t 2 0 0一 30 0 hPa ) ra the r th a n in lo w e r lev e ls
.

F ln a lly
,

the

hu m id ity se c tio n s sh o w tha t
,

in th e D V D c a se ,
the re 15 a v ery d ee P w e t la ye r in th e m 一d一 lo w e r

le v els
,

w ith re la tive hu m id ity g r ea te r tha n 9 0 % b elo w 5 0 0 hP a ,

b u t in th e U N D V D ea s e ,

the w e t

la y e r 15 v e ry sh a llo w
,

w hieh e o n e e n tr a te s o n the lo w e s t lev e ls
,

w ith the h u m id ity o f le ss tha n

9 0% e v e n b e lo w 8 5 0 hPa
.

Fr o m th e a b o v e a n a lys e s w e e a n se e tha t
, rem a rk a ble d iffe

r e n e es e x ist in th e s tr u e tu r e s o f

w in d
,

p r e ssu re ,

te m p e r a tu re a n d hu m id ity b e tw e en the tw o d ePre ssio n s
.

‘

T he e x iste n c e o f d e
ffe

re n e e s b e tw ee n the tw o c a ses in th e str u c tu r e s o f te m Pe r a tu r e a n d

h u m id ity in ev ita bly re s u lts in the d e
ffe

r e n ee in the s tr u e tu r e o f sta b ility
.

F ig
.

4 sh o w s tlie

lo n g itu d in a l一ve r tie a l se e tio n s o f口
、。 a e r o ss the tw o d e Pr e ssio n s r e sPee tiv e ly

,

fr o m w hic h w e se e

th a t
,

in th e D V D c a se ,
the m in im u m v a lu e o f 8

5 。

15 a t 5 0 0 hP a ,

b e lo w w h ie h it 1 5 e o n d itio n a l

u n sta ble a n d a b o ve w hieh it 15 sta ble ; w h ile the m in im u m v a lu e o f 氏
。

15 a t 7 0 0 h Pa in th e

U N D V D e a s e
.

T h is im Plie s tha t th e D V D h a s a d e ePe r c o n d itio n a l in s ta b ility la ye r (u P to

5 0 0 h Pa )
, a n d the U N D V D o n ly a sh allo w e r in s t a bility la ye r (b e lo w 70 0 h Pa )

.

IV
.

N U M E R ICA L M O D E L L IN G O F T H E PR O C E SS E S

W e n o w a t fi r s t m a k e 2 4一h Pr ed ie tio n s fo r the tw o c a se s r e sPe etiv e ly (k n o w n a s th e e o n tr o l

r u n s o f the tw o e a s e s r e sPe etiv e ly in the la te r an a lyse s)
.

Fr o m th e Pr e d ie te d e v o lu tio n o f the

str e a m fi eld s fo r the tw o e a se s (n o t sho w n ) w e ea n s e e th a t
,
th e e v o lu tio n Pr o eess e s o f the d e

-

Pr e ssio n s c a n be w ell Pr ed ie ted by th e m o d e l
,

in w hieh the D V D d ev e lo Ps in to a ty p ie a l ty
-

Ph o o n Pa tte r n a t the 18 th h o u r o f th e Pr ed ie tio n , a n d the U N D V D d o e s n o t d e v e lo P in to a ty
-

Ph o o n bu t w e ak e n s in ste a d
.

A ll the se a r e b a sie a lly eo n sis te n t w ith th e a c tu a lP ro e e s se s
.

m e a lixn g

tha t th e tw o P r o c e s se s e o u ld b e sim u la ted w e llb y the m o d e l
.

N e x t
,

W e m a k e c o m Pa r is o n an a lyse s o f the tw o Pr o e e sse s w ith the m o d e l o u tPu t s
.

Fig
.

5 sh o w s the e v o lu tio n Pr o c esse s o f v o r tie ity a n d d iv e rg e n e e fo r th e tw o d e Pr e s s lo n s
,

re sPe c tiv ely
.

It 15 in d ie a ted tha t
,

in the D V D e a s e ,

the c o n v e r g e n c e a n d P o sitiv e v o r tieity in
-

c r ea se g r a d u a lly u n d e r 4 0 0 h Pa lev e l a n d the d iv er g en ee a n d n e g a tiv e v o r tieity in e re a s e a b o v e

th a t
,

w h ie h a r e e sPeeia lly fa st a ft er th e 12 th h o u r , a n d the lev e lw ith m a x im u m v o r tie ity g o e s u P

g r a d u a lly fr o m 8 5 0 hPa to 70 0 hPa ,

in th e U N D V D e a se ,
the lo w e r一le v el e o n v e r g en ee

,

the u P
-

Per lev e l d iv er g e n c e a n d th e m id一lo w e r le ve l Po sitiv e v o r tic ity in c re a se slig h tly a t the fi r s t 6

h o u r s ,

b u t in the la ter ho u r s ,

the lo w e r le v el e o n v e r g e n e e a n d u PPe r le v el d iv e r g e n c e re d u e e o r

ev e n v a n ish
, a n d e o r r e sP o n d in g ly

,

the Po sitiv e v o r tieity d e e r e a se s g ra d u a lly
,

w ith th e m a x im u m

v o r tic ity v a lu e r em a in in g a t 50 0 h Pa
.

T he se r e su lts a r e e o n siste n t w ith th o se in th e s tr ea m P re d ie
-

tio n s m e n tio n ed b efo r e、a n d a g a in sh o w th a t the P r o e e s se s , o n e d e ve lo Ps a n d the o th e r n o t
.

h a v e

b e e n w e llPr ed iete d in o u r e x Pe r im e n t
.

L ia n g a n d Z h an g (19 89 ) Po in te d o u t tha t th e m a in te n a n c e a n d d e v e lo Pm e n r o f Po sitlv e

v o r tie ity in SC S D s ar e b a sie a lly d r iv e n b y the g e n e ra t io n te rm o fv o r tieity
.

w he r e the lo w e r le v el

eo n v e r ge n c e ea u s es the g e n e ra tio n o f Po sitiv e v o rtie ity
,

a n d the v e r tiea l a d v e e tio n o f v o rtie 一ty

tr a n sp o r ts the p o sitiv e v o r tic ity u pw a rd s
.

T he
、

r e su lts in Fig
.

5 a r e c o n siste n t w ith the a b o V e a n a
-

ly se s ,

w he re in the D V D c a s e ,
th e m id一lo w er lev e lP o sitiv e v o r tic ity in e r e a se s w ith the in e r e a s e

o f lo w le v el c o n v er g e n ee a n d in th e U N D V D e a se ,
th e lo w e r lev e le o n v e r g e n c e eh a n g e s g ra d u a l

-

ly in to d e v e r g e n e e , a n d n a tu r a lly the v o r tic ity g e n e r a tio n te rm eh a n g e s in to n e g a tiv e v a lu e s
,
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.

T lm e 一h e lg h t s e c t一o n s o f th e e o n v e e tiv e h e a tin g r a te Q
。

(a) a n d (b )

Q , (e ) a n d ( d ) fo r th e e o n t r o l r u n s
.

C o n to u r i n t e r v a l s
o
C / d

0
.

s
o
C / d fo r ( d ) a r e d r a w n

a n d

a n d th e la r g e s e a le la t e n t h e a t in g

ad d i tio n a l lin e s o f l
“
C / d fo r (b )

f a t e

a n d

h P a

1 7 5 }

H
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.
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.
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.

T lrn e 一h e lg h t s e e tio n s o f c o n v e e t iv e h e a t in g s in e a e h e x P e r im e n t
.

( a) E x
.

I ; (b ) E x
.

I I ; (e ) E x
.

lll: (d ) E x
.

I V

C o n t o u r in te r v a l 15 s
o
C / d

,
a n d th e ad d it io n a l l

”
C / d e o n to u r 15 d r a w n

.

th e n th e Po sitiv e v o r tie ity d e e re a se s
.

T o m a k e fu r th e r a n a lys is o f th e m e ch a n ism s g o v e r n in g the d e v e lo Pm e n t o f S C SD s ,

w e tu r n

to Io o k a t t h e h e a tin g fe a tu r e s in th e tw o c a s e s
.

Fig
.

6 g iv e s o u t th e t im e-- h e igh t s e e tio n s o f the Q
。

(e o n v e e t iv e h e a tin g r a te ) a n d the Q,

(la r g e s e a le la te n t h e a tin g r a te ) in th e d e Pr e s s io n a r e a fo r th e tw o c a s e s
, r e sPe c ti v el y

.

O bv io u s

d iffe r e n c e s e a n b e fo u n d b e tw e e n the tw o e a se s ,

w he re a s fo r the D V D e a s e ,

the Q
。

in e r e a s e s
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6

w ith tim e a n d r e a ehe s th e v a lu e o f 10
o

C / d a t th e g th h o u r o f the in t e g r a tio n
,

m ea n w h ile the

lo w er le v el e o n v e r g e n e e a n d p o sitiv e v o r tic ity in e r ea se g r a d u a lly to 一 4 x 10
一6 5一 1 a n d 1

.

4 火

20 一5 5一 ’ : e sp e c tiv ezy (se e F ig
.

5 )
.

A n d e o n tin u o u sly
,

th e
Q

。

in e r ea se s fu r th e r
,

r e a ehin g the m a x
-

im u m v a lu e o f 34
o

C / d a t the 18 th h o u r , a n d c o r r esPo n d in g ly the lo w er le v el e o n v e rg e n e e a n d

Po sitiv e v o rtie ity in er e a se fu rthe r (Fig
.

5 )
,

w ith th e tim e Pha se s b a sie a lly sa m e a s th a t o f the

Q
c

.

T his r e fle et s th a t th e C IS K d eve lo Ps s u ffi eien tly
,

d r iv in g th e d e Pr e s sio n to d e v elo p
.

M e a n
-

w h ile th e Q, in this e a s e 15 a b o u t 3 tim e s sm a lle r th a n the Q
e ,

w ith the m a x im u m v a lu e o f

10
o

C / d n e a r 6 3 0 hPa ,

w h ieh sho w s tha t th e Q, a lso ha s e er ta in im Po r ta n c e o n the d e v elo p m e n t

o f th e D V D
.

B u t a s fo r the U N D V D e a se ,
the Q

。

15 g r e a te r tha n s
o

C / d o n ly b efo r e th e sth

ho u r
,

a n d a ft er th a t
,

it d e er ea se s r a Pid ly to b e v ery w ea k (ab o u t I
O

C / d )
,

w h ie h 15 e o n sls te n t

w ith the eh a n g e o f lo w e r lev e l e o n v er g en c e in to d ev e r g e n ee a n d th e d ee re a ses o f P o sitiv e

v o r tieity (see Fig
.

5 )
.

T his m e a n s th a t in th is c a se ,

th e C ISK c a n n o t d e v e ]o P s u ffi eie n tly lik e tha t

in th e D V D e a se , a n d th e im Po r tan e e o f C ISK 15 s t re sse d ag a in in the d ev e lo Pm e n t o f SC S D s
.

W h ile the Q , in th is c a se 15 v ery sm a ll(le ss th a n l“C / d ) thr o u g h o u t the in te g r a tio n
.

T he a n a lyse s in th e Pr e v io u s Pa ra g r a Ph sh o w th a t the C ISK (o r the Q
。

) Play s the k ey r o le

in th e d ev e lo p m en t o f S C S D s , a n d d e te rm in es w he th e r the SC S D s d ev e lo p o r n o t
,

单e a n w h ile
.

th e Q, m a k e P o sitiv e e o n tr ib u tio n s to the d e v elo Pm en t o f SC SD s t o so m e e x ten t
,

w h ie h w o u ld

b e a n am Plifi e r o f th e CIS K
.

V
.

C O N T R O L E X PE R IM E N T S

T o see k w h y the Q
。

in e r ea ses in th e D V D c a se a n d d ee r ea ses in th e U N D V D ea se ,

w e n a t
-

u r a lly eo n sid e r the d iffe
re n e es b e tw e e n th e tw o e a s e s in th eir in itia lfi e ld s (se e F ig

.

3 )
,

w he r e o b
-

v io u s d iffe
re n c e s in th e v e r tie a ls tru e t u r es o f hu m id ity a n d te m Pe ra tu re e x ist

.

T his r es u lts in the

d e
ffe

re n ee in the str u e tu re s o f stab ility b etw e e n th e tw o ea se s (se e Fig
.

4 )
.

A n d the d ep th o f the

in sta b ility la ye r w o u ld in fl u e n e e the d ev e lo Pm e n t o f th e C ISK
.

A e e o r d in g to the a b o v e e o n sid
-

e r a tio n s ,

w e m a k e a n u m b e r o f e o n tr o l n u m e r iea l e x Pe rim e n ts
,

b y m o d ify in g th e in itia l v e r tje a l

str u c tu r e s o f hu m id ity a n d tem Per a tu re o f the tw o ea se s in the d e Pr e ssio n a r e a
.

r e sPe c tlv ely
,

to

in v estig a te the im Pa e ts o f the s tr u etu re o f h u m id ity a n d tem Pe ra tu r e o n it s d e v elo Pm e n t
.

T he

ve r tiea l str u e tu re o f h u m id ity o r te m Pe r a tu re o f o n e e a se is m o d ifi ed
,

so tha t th e m o d ifi e d s tr u e
-

t u r e o f this e a se 15 c o n siste n t w ith th e u n m o d ifi ed stru e t u r e o f the o th e r ea se , r e sPee tiv e ly
.

T he n

the n u m e rie a lin te g r a tio n 15 e o m Pleted w ith m o d ifi e d d a t a
.

In this w a y
,

w e e a n ea sily u n d e r s ta n d

the i饰
o r ta n e e a n d the se n sitiv ity o f v er tie a l s tru e tu r es o f h u m id ity a n d te m p e r a tu r e in 山e d e

-

v e lo Pm e n t o f SC SD s
.

A c c o r d in g to F ig
.

3
,

the fo llo w in g fo u r e x Per im en ts a r e m ad e
.

E x Pe rim e n t l: fo r the D V D c a se
,

th e hu m id ity re d u c e s a t lo w e r le v el (i
.

e二 a = 4
,

5
,

6 Ie v e ls

eo r r e sPo n d in g to a b o u t P二 6 3 0
,

7 8 0
,

9 3 0 h Pa lev e ls r e sPe c tiv ely ) w ith the in c r em e n t s o f 一 0
.

9
.

一1
.

5
,
一2

.

0 9 / k g a t e a
比 lev e le q u iv a len t to a d e c re a se o f 10 % in r ela tiv e h u m id ity a t e a e h le v el

in the d e Pre ssio n a re a
.

T he n m a k e Pr e d ietio n fo r 2 4 h o u r s
.

E x Pe r im en t 11 : sam e a s e x Per im en t l
,

b u t fo r th e U N D V D c a se , an d the in er em e n t s a re

n e g a tiv e to th o s e in E x Pe r im e n t 1
.

E x Pe r im en t 111: fo r th e D V D c a se ,
to r a ise tem Pe r a tu r e a t u PPer lev e ls a n d to d r o P d o w n

tem Per a t u r e a t lo w e r lev els
,

w ith the in c r em e n ts o f + 0
.

5
,

+ 0
.

5
,

一0
.

5
,

一 1
.

0
,

一1
.

5
,

一0
.

s
o

C a t e a e h a

lev e l(c o r r e sPo n d in g t o a b o u t p = 17 5
,

37 0
,

4 80
,

6 3 0
,

7 8 0
,

9 3 0 hp a le v els )
.

T he n d o p r e d ic t io n
.

E x Pe r im en t IV : sam e a s e x Pe r im en t 111
,

bu t fo r th e U N D V D e a se a n d red u c in g te m Pe r a
-

tu r e a t u PPe r lev e ls w h ile ra isin g it a t lo w e r le v els
.
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V e ry o b v io u s d iffe
r e n e es em e r ge in the Pr ed ie ted ev o lu tio n Pre e e sse s o f the tw o d e Pr e s sio n s

fr o m the ir e o n t ro l ru n s ,

in the a b o ve fo u r e x Pe r im e n ts (n o t sho w n )
.

T h e r e s u lt 15 tha t
,

in e x Per
-

lm e n t l
,

the d e Pr e ss lo n d o e s n o t d ev elo P
,

b u t邵a d u a lly w ea k en s in stea d : an d in e x Perim en t 11
,

the d e Pr essio n st re n g then s g r a d u a lly a n d b ee o m e s a tyPic a l tyPh o o n w ithin 2 4 h o u r s : w hile in

e x Pe rim e n t 111 th e e yc lo n ie e ire u la tio n w e a k e n s ra the r tha n stre n g th en s : a n d fi n a lly in e x Per i
-

m e n t IV
.

th e d e Pr essio n e ire u la tio n sh o w s slo w ly w e a k en in g a ft e r the 12 h in teg r a tio n
.

T a ble l

g iv e s a b rie fd e s e r iPtio n o fthe d e ve lo Pm e n t o f the d ePre ssio n in e ae h e x Pe r im en t
.

T a b le 1
.

B r 一ef D e s e r一Pt 1o n o f th e D e P re ss lo n D e v elo Pm e n t in E a ch E x Pe r 1m e n t

CCC a s eee Se h em eee B rie f d es e riP tio n o f the d e P r essio n sss

DDD V AAA C T R LLL o ev e lo p s
百

n d b ee o m es a typ h o o n w ith , n 2 4 h o u r sss

UUU N D V DDD C T R LLL W ea k en s g r a d u a llyyy

OOO V DDD E x
.

III W e a k e n s r a P id lyyy

UUU N D V DDD E x
.

IIII D e v e lo Ps an d b e eo m e s a tyP o ho o n w ithin 2 4 h o u r sss

DDD V DDD E x lllll W ea k e n s g r au a llyyy

UUU N D V DDD E X
.

IVVV W ea k e n s slo w ly a ft er the 12 th fo r c a st h o u rrr

T h e a b o v e a n a lys e s sho w tha t es se n tia l e ha n ge s t a k e Pla c e in th e Pr ed ietio n s a ft er th e m o d i
-

fi e a tlo n o f the in itla l s tr u e t u r e s o f h u m id ity o r te m Pe r a tu r e ,

in w hieh the d ePre ssio n d o es n o t

d e v e lo P (e x Pe r im e n t s 1 a n d 111 ) in the D V D ea s e , a n d d ev e lo Ps (e x Pe r im e n t 11 ) o r the d e Pr es
-

sio n w e a k e n in g 15 r e d u c ed (e x Pe r im e n t IV ) in th e U N D V D c a s e W h y th e s e eh a n g e s ta ke Pla ee ?

L e t u s se e th e e o n v e e tiv e h e a tin g (Q
c

) in e a eh e x Pe r im e n t (Fig
.

7 )
.

It sh o w s tha t the Q
。

15 v ery

sm a ll(le ss th a n 4
0

C / d ) in e x Pe rim e n ts 1 a n d 111
,

b u t it 15 m u c h la r g er a n d in e r ea s e s g ra d u a lly

w ith tim e (w ith the va lu es o f 2 0一 SO
o

C / d ) in e x Per im en t ll
, a n d in e x Perim en t IV

,

the Q
。 r e

-

m a ln s la rg e r (a b o u t 10一 30
o

C / d ) b efo r e th e 10 th h o u r , a n d d eer ea s e s to the v a lu e s o f l一
5

)

C / d a ft e r th a t
.

It 15 v ery e le a r th a t th e tim e v a ria tio n s o f Q
。

in F ig
.

7 a r e b a siea lly in Ph a se

w 一th th o se o f d eP re s sio n e ir eu la tio n s in e a e h e x Pe r im e n t
.

T h is m e a n s tha t th e c o n v e etiv e he a tin g

Pla ys a k ey r o le in th e d ev e lo Pm e n t o f SC SD s , a n d a g a in P r o v e s tha t the C ISK 15 the ess e n tia l

m e eh a n is ln o f the d e v elo Pm e n t o fthe SC SD s
.

V l D IS C U S SIO N A N D CO N C L U SIO N

1t 1 5 e o m Plie a ted a n d n e e e s s a ry to s tu dy the d ev elo Pm e n t o f SC S D s ,

w hieh u su a lly o c e u r s

in the d a ta sPa r s e a r e a a n d eo u ld r a Pid ly in fl u e n e e c o a sta lSo u th C hin a
.

It 15 sho w n th a t e a eh o f

the s tr u e t u r e s o f w in d
,

Pr e ss u r e ,

h u m id ity a n d tem Pe r a tu re m ay ha v e im Po r ta n t e

ffe
ets o n th e

d e v e lo Pm e n t o f the SC S D s
.

B u t o n ly the e
ffe

e ts o f hu m id ity a n d t
em

Pe r a tu r e a re n u m eri c a lly

a n a lyz ed he re
.

sh o w in g tha t th e d e v elo Pm en t o f SC S D s 15 ve ry se n sitiv e to the eh a n g e in the in i
-

tia l n eld s o f hu m id ity a n d te m Pe r a tu re ,

th a t 15
, a e ha n g e o f lo w e r lev e l tem Per a tu r e by a b o u t

1
.

S
O

C
,

o r o f lo w e r le v el hu m id ity by a b o u t lo % (I一2 9 / k g )
,

m a y e a u se a c ha n g e o f the te n d e n
-

c y o f th e d e v e lo Pm e n t o f a S C SD
.

T his r a ise s a n o th er P r o blem a b o u t the n u m e rie a l Pr ed ie tio n

o f S C S D s
一一 d a ta e o lle e tio n a n d a n a lysis

,

w hi eh r em a in s t o be the m o st im P o r ta n t Pr o blem in

th e n u m e r ic a lw e a the r P r e d ic tio n
.

A n d ju s t a s the ab o v e d e se riPtio n ,
the e

ffe
e ts o f s tr u c tu re s o f

w 一n d a n d P r e s s u r e o n th e d e v elo Pm e n t o f S C SD s a lso n e e d to b e in elu d ed in th e n u m e r ic a l stu d
-

ie s
.

Fu r the r m o r e
,

a m o r e eo m Plie a te d n u m e r ie a lm o d el w ith m o re su ffi eien t Physie a l P ro c e sse s

In e lu d in g the a ir一sea in te r a c tio n s 15 n e e d e d to m a ke m o re d eta iled stu d ie s a b o u t the SC S D s
.

A ll
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the a b o v e sh o u ld b e Pa id a tte n tio n u r g en tly in th e fu tu r e
.

R E FE R E N CE S

L ia n g B iq i a n d Z h a n g Qiu q in g (19 8 9 )
,

A eo m P a riso n a n aly sis b e tw e en d e v elo Pe d a n d u n d e v elo p e d d ep r ess , o n s o v e r the

S o u th C hin a Se a ,

A e t a O c e a n o

log iea S仇ie a
,

8 : 1 19一2 0 8

L iu Sie he n g a n d L ia n g B iq i(19 8 8 )
,

A st u d y o f the m ec ha n ism s g o V e r n in g the ge n e sis a n d d e v elo Pm en t o f m o n s o o n d e
-

Pre sslo n S

Ch in e se)
.

o v e r 之he So u th C hjn a Sea
,

注e ta Sc len z公r

姗 入2口 zu加liu m
,

U n iv er sita tjs Su n ya tsen 一,

N o
.

4
,

78一 8 8〔jn

M e B rid e ,

J
.

L
.

a n d R ay m o n d Z eh r (19 8 1)
,

o bse rv a tio n al a n a lysis o ftr o Piea l eyc lo n e fo r m a tio n Pa r t ll : C o m P a r : so n o f

n o n 一d e v elo Pin g v er su s d ev elo Pin g sys te m s ,

J
.

A rm o s
.

S c i
.

,

38 : 1 13 2一 1 15 1
.

X u e Jish a n ,

W
a n g K a n g lin g

,

W
a n g Z h im in g

,

H u an g M in q ia n g
,

Z ha n g X u e ho n g an d Y u a n C ho n g g u a n g (19 8 8 )
,

T es t

o f t r o Pie a llim ited a r ea n u m e rie a lPr e d ic tio n m o d e lin e lu d in g e

ffe
e t o f r ea l to P o g r a Phy

,

A d y
.

A t胡o s
.

S e i
.

,

5 : l一 14
.

Z ha n g W
a n Pe i (19 7 8 )

,

C o m P ariso n a n a lysis o f d ev e lo Pin g a n d n o n 一 d ev e lo Pin g tr o Pie a l d lst u rb a n c es in the

n o r thw e ster n P a eifi e an d th e So u th C hin a Se a ,

R eP
o r t of TJ 少h0 0 0 C o nj 七r en c e

,

Se , e n ee a n d T ee h n o lo g y P r e ss
.

Sha n g h a i
,

2 4 0一 24 5 (in Ch in e s e)
.


