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A C A S E O F M E S O S CA L E CO N V E C T IV E C O M PL E X

E V O L V IN G IN T O A V O R T E X
*

Ta
o Z 叮 u (陶祖钮)汗 ,z“雌 H o

吧叮i雌 (王洪庆)
,

B a iJ ie (白 洁)

L a b o r a t o ry fo r S e v e re S to rm R e sea r e h
,

D eP a r tm e n t o f G e o Ph ys ; e s
,

Pe k in g U n lv e r s ; ty
,

B e ij工n g l 0 0 8 7 1

Zh
u

We nq in (朱文琴)
,

Sh i D I月g p u (石定朴)a n d Ya ng Ho ng m ei (杨红梅)

In stitu te o fM e so se a le M e te o r o lo g y
,

Ch in e se A e a d e m y o f M e te o r o lo g le a ] S e le n c e s
,

B e
iji

n g 10 0 0 8 1

R ee e iv ed S eP te m b e r l
,

1 9 94 ; r ev ise d D ee em b e r 3
,

19 9 4

A B ST R A C T

A e a s e o f m es o s ea le c o n v ee tiv e e o m Ple x (M C C ) w hic h ev o lv ed 一n to a v o r te x js d o c u m en te d ln th 1s P a Pe r
.

A s th e

MC C e n te r ed in t o the d ls siPa tin g Pha s e
,
a w e ll一d e fi n e d sPir a lly b a n d e d s tr u e tu re b e e a m e v isib le in the s a te lllte im a g e

.

T he bla c kb o d y te m Pe r a t u r e (T B B ) o f the r esid u a le o ld一e lo u d 一shie ld l n d ie a te s th e v o r te x e x i ste d l n the 1a ye r fr o m 4 0 0 to

25 0 hP a
.

A ee o r d in g to the u PPe r a ir a n a ly sis
,

th e u PPe r le v el v o r te x w a s a n a n t一e yc lo n e
.

T h e M C C 一g e n er a te d v o r te x w a s

v isu a liz ed in the sa te llite im a g e s b e ea u se it w a s lo c a te d in the su b tr o P一e a l h lg h w h e r e th e w in d fi e ld w a s v e ry w e a k
.

K ey w o r d s : m eso sea le eo n v e c tiv e e o m Ple x (MC C )
.

b la e k b o d y tem Pe r a t u r e
.

m e so se a le v o r te x

1
.

IN T R O D U C T IO N

T he u PPe r tr o Po sPhe ric m eso se a le a n tic yelo n e 15 o n e o f th e Pr in c iPa lfe a tu r es o f m e so sea le

eo n ve etiv e c o m Ple x (M C C )
,

w h ieh w a s in d iea te d fi r st b y F ritse h an d M a d d o x (19 8 1)
.

B u t th is

kin d o f m eso sc a le eir eu la tio n syste m ha s n o t be en d o ellm en ted in C hin a ,

b ec a u se it 15 ha r d ly

v isu a liz ed in sa tellite im a g e s
.

H o w ev e r ,

in the su m m er o f 19 9 2
,

w e fo u n d a d istin c t M CC一 g en
-

er a te d v o r te x in the e e n tr a lC h in a
.

A s sh o w n in the s a te llite im a g e s o f Fig
.

l
,

tw o e o n v e etiv e ee lls

in H e n a n Pr o v in c e m e r ge d o n the n ig ht o f the fi r st o f A u g u st a n d d ev e lo Pe d in t o a tyPic a lM C C

a t 0 2 0 0 B ST (B e
iji

n g S u m m er T im e) o f A u g u st 2
.

W he n the M C C w a s in d issiPa tin g Pha se o n

th e m o r n in g o f A u g u s t Z
,

th e w ell一d efi n ed sPir a lly一b a n d e d s tr u c tu r e o f the v o r te x c a n be see n

d is tin c tly in th e e n ha n c e d in fr a r ed s a te llite im a g e a t 0 7 0 0 B ST o f A u g u s t 2
.

T his Pa Pe r w illd e s
-

e ribe the e v o lu tio n o f the MC C一g en er a ted v o r te x
.

T h e eo n d itio n o f the M C C d e v elo Pm e n t w ill

be d iseu ssed b rie fl y
.

H o u r ly n u m e r ie a ld a ta o f G M S sa tellite in fr a r ed im a g e fr o m 2 0 0 0 B ST o f A u g u st 1 to 0 7 0 0

BST o f A u g u s t 4 19 9 2 a r e u se d in this stu d y
.

D u e t o th e fa e t th a t the d a ta o f th e a n a lysis r e g io n

h a v e b e e n e o n v e r te d to th e g r id d a ta in L am be r t Proj e c tio n ,
the sh a Pe o f M C C s ea n b e d is

-

Pla ye d c le a r ly
.

T h e g rid siz e o f d a ta 15 3 7 6 X 3 0 2 w ith a n 8 km ho r iz o n ta l r e so lu tio n
.

T he n
,

th e

g r id d a ta o f the bla ek b o dy tem Per a tu r e (T B B ) o f c lo u d t o P a r e r et r ie v ed fr o m th e g r ey sc a le (0

一 2 5 5 ) by u s e o f the c u r v e sh o w n in Fig
.

2 a ft e r “

U se r G u id e o fM ie r o c o m Pu t e r Pr o c e s sin g S ys
-

te m fo r G M S
” ,

N a tio n a l Sa te llite M e te o r o lo g y C en te r
,

19 9 2
.

T w o k in d s o fe ha r ts
,

th e en ha n eed

in fr a r e d im a g e a n d th e is o lin e g r a Ph o f th e e o ld 一c lo u d 一shie ld tem Pe r a tu r e
, a r e u se d to e x a m in e

th e ev o lu tio n o f the M CC
.

*
T h is stu d y w a s su PP o r te d b y th e N a tio n a ] N a tu r al Se ie n c e F o u n d a tio n o f Ch in a

.

N o
.

4 9 3 3 5 0 6 2
.
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T he syn o Ptiea l en v ir o n m en t o v e rv ie w o f thi s ea se w ill b e g iv e n in Se etio n 11
.

T he e v o lu tio n

o f the M C C 15 g iv e n in

co ld一lo u d一shield
.

F in a lly
,

S e e tio n 111 by th e aid o f the ho u rly T B B iso lin e g r a Phs o f the

d iseu ssio n s a re Pr esen ted in S eetio n IV
.

(a ) (b )

C u rv e fo r re t r ie v a ] t e m Per a tu r e

叨l州
。

州州州
3 3 ?

2 8 7

丁
勺
刁

丁 ’一

下
飞 丁 ”

了 ’ { 1 , 〕 下1竹
’

--
、�\、
、、

曰
.‘

⋯�⋯火
..

⋯
�

!

⋯火
1. �.1,l

�\一

�窝)巴日.�。d日。

2 3

l
卜�0户1 8 7

13 7 石~ L 丈- 工_ 凌~
一

L 」~ _

吐 ‘ 才 ‘ 1 L l 走 亡 L 宜 J L J L 」_ 走

50 1 0 0 1 5 0 2 0 0 2 5 0

Gr
e y s e a ]e

( e )

F ig一 T h e d e t a ile d e n ha n e e d in fr a r e d sa t e llit e im a g e s o f F ig
.

2
.

T h e bla e k b o d y t e m Pe r a t u re s e o r r e sPo n d之n g to

th e M C C o e e u r r in g d u ri n g t h e n i g h t o f l一 2 A u
一

th e g r e y s e a le s fr o m o一 2 5 5 o f G M S sa te lli te

g u s t 19 9 2 in H e n a n P r o v in e e o f C e n tr a l Chi n a
.

im a g e s (t a k e n fr o m “
U s e r G u id e o f M ie r o 一

( a ) I n iti a lPh a s e (2 2 0 0 B ST A u g u s t l ); (b ) m a tu r e C o m P u t e r P r o 沈s s in g Sy ste m fo r G M S
” , N a -

p ha s e ( 0 2 0 0 B S T A u g u s t Z) : (e ) d xs s ip a ti n g Ph a s e ti o n a l S a te ll i te M e te o r o lo g y C e n t e r ,

19 92 )
.

(0 7 0 0 B S T A u g u s t Z)
.
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CA SE O V E R V IE W

In l一 4 A u gu st 19 9 2
,

m a n y e o
nv

ee tio n ce lls o

ccu
r re d in m ain lan d C hin a

.

So m e o f th em

d e v e lo Pe d in to the M C C
.

F r o m the e n h a n ce d in fr a r ed sa te llite im a ge a t 0 2 0 0 B ST o f A u g u st Z

a n d th e 5 0 0 hPa a n a ly sis a t 2 0 0 0 B ST o f A u g u st 1 g iv e n in Fig
.

3
,

w e ea n fi n d th a t a la r ge--
sc a le

fr o n ta lc lo u d ba n d ex te n de d fr o m M o n g o lia so u thw a rd to the H u a n g he 形v e r
.

S o m e M C C s o c
-

e u r r ed w ith in a e o u Ple o f hu n d r ed k ilo m eter s a he a d o f the fr o n t
,

i
.

e
.

S ha a n x i
,

S ha n x i
,

H ebe i

Pr o v in ee s o fN o r th C hin a a n d Sich u a n Pr o v in c e o f So u th w e st C h in a
.

B u t
,

the stru e tu r e o f th o se

M C e s d id n o t e

xh i悦t a cl e a r v o r tex fo rm
.

O n ly th e M C C o c c u r r in g in the 5 0 0 h P a su b tr o Pie a l

h ig h be tw
e e n th e H u a n g he R iv er a n d C h an 自in g R iv er e x hi b ited the v o r tex fo rm w hen it e n te re d

in to th e d issiPa tin g Ph a se
.

T he sPir a lly一b an d e d str u etu r e o f this M CC be ea m e v isib le in the sa t
-

e llite im a g e
,

w hieh m a y be d u e t o tha t it w a s lo c a ted fa r th er a w a y fr o m the fr o n ta lr e g io n th a n

o the r M C C s
.

In th e a tm o sPh er e w ith ve ry w ea k b a r o e lin ie ity
,

th e she a r o f w in d s is so w ea k th a t

th e m e so sea le fl o w Pa tter n a ss o eia te d w ith th e M CC c a n be d istin g u ishe d fr o m the la r g十
se a le

w in d fi eld
.
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a n d the
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.
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4
,

E q u iv a le n t PO te n tia l te m P er a tu r e a n d lo w le v elfl o w a t 2 0 0 0

le n t Po te n tia l te m Pe r a tu re (in u n it K ; so lid : 8 50 hP a ; d a sh ed :

‘自~ ‘扭. 二山已山~ J. 月 曰‘目 . ‘‘‘J 山‘二盆口‘挂‘曰‘曰 - 曰自

1 1 1 6 2 1 2 6 3 1

B ST o fA u g u st 1 19 9 2
.

(
a
) I

so li n e s o f eq u iv a
-

5 0 0 hP a ); (b)
o b serve d w in d s a n d iso lin e s o f

8 5 0 hP a d iv e铭e n ee (in u n it 10
一5 5一 l , n e g a tive is d a sh ed )

.
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N o rm a lly
,

th e e o n v e etio n s r e la ted to M C C sta r t a t Z一3 ho u r s a ft er m id d a y
.

B u t in F ig
.

1
,

the c o n v ee tio n s re la ted to th is M C C sta r te d a t 4一5 h o u r s aft er th e su n se t
.

T he re fo re ,

the o c eu r
-

re n ee o f th e M CC 15 n o t ea u sed b y the in sta bility a sso ci a ted w ith the d iu rn a le ir e le o fthe su rfa ee

tem Per a tu r e
.

In o rd e r t o ex a m in e th e a tm o sPh e rie in s ta bility
,
th e d istrib u tio n s o f th e eq u iva le n t

Po te n tia lte m Per a tu r e s
。 a t 8 5 0 a n d 50 0 hPa a r e g iv en in Fig

,

4 a
.

It e an be see n th a t the Io w le v
-

el oe 15 e o n sid e r a bly g r e a te r th a n m id d le lev el口
。
in the r e

gi
o n o f th e MC C d e v elo Pin g

.

In th e

H e n a n P ro v in c e
,

the s
。 o n 8 5 0 h Pa 15 g re a ter th a n o n 5 0 0 hPa by o ve r 16 K

.

It in d iea te s tha t th e

M CC d e v elo Pe d o n th e n ig h t 15 d u e to the str o n g e r e o n v e etiv e in stab ility
.

In o r d e r to ex Pla in w h y this M C C e a n b e d ev elo Ped b e tter in th e 5 0 0 hPa su b tr o Pic a l hig h
,

the o b se rv ed w in d a n d the d iv e r g en e e fi eld s o f 8 5 0 hPa a re g ive n in F ig
.

4 b
.

W
e ea n fi n d th a t

this M CC e x isted in a w ea k e r e o n v er g en t r eg io n b e tw ee n the so u therly fl o w a n d the e a ster ly

n o w in th e zo w e : za ye r
.

E ve n tho u g h the eo n v e rg e n e e (一0
.

4 x 10
一 , s一’

) in 山
e M e e d ev e lo p in g

re g io n w a s m u e h le ss th a n the e o n v er g e n e e 介 2
.

4 x 一。
一 , s一‘) a ss o e ia ted w ith the rr o n t in the u p

-

Pe r r ea e he s o f the H u a n g he 又
v er , r e su ltin g w e ak er a seen t eo u ld e x eite the e o n v e etio n s in the

a tm o s Phe r e w ith str o n g e r eo n

vec
tiv e in sta bility a n d m a ke th e M CC fo rm

e d
.

11 1
.

E V O L U T IO N

T he T B B iso lin e s o f the elo u d to P a r e u se d t o ex a
而n e th e e v o lu tio n o f the M C C

.

A ee o r d
-

in g to th e d e fi n itio n o f th e e o ld一 elo u d一 shield o f M CC
,

the iso lin es o f te m Pe ra tu re lowe
r th a n

一3 0 ℃ a r e d r aw n in Fig
.

5 fo r e v ery h o u r fr o m 2 0 0 0 BS T o f A u g u st 1 to 0 7 0 0 B ST o f A u g u st 2
.

E a c h b lo c k en clo se d b y d a shed lin e s in e lu d e s 4 0 欠 4 0 g rid s , a n d ha s a n a r e a o f 10 2 4 0 0 k m 2
.

T h u s ,

the a r e a o f the 一c o ld一c lo u d一shie ld c a n b e e stim a ted e a sily
.

T h e o r ig in o f th e M C C 15 th e e o n v e c tiv e e ells A a n d B a t 2 0 0 0 B ST o f A u g u st 1 in F ig
.

5
.

T w o h o u r s a ft e r ,

the se tw o ce lls m e r ged
,

b u t tw o sep a r a ted c o ld e st r eg io n (< 一70 oC )
o f the

e o ld一c lo u d 一shie ld eo u ld be d istin g u is hed
.

In th e fo llo w in g d ev e lo Pm e n t
,
th e e x Pa n sio n o f the

e o ld一c lo u d 一shie ld w a s m a in ly a ss o c ia te d w ith the e ell B
.

T h e tem Pe ra tu r e o f th e e lo u d to P

r e a c he d the lo w es t (< 一8 0祀) a n d the a re a o f th e 一5 0 ℃ re gi
o n e x p a n d ed to 5 0 0 0 0玩

2 a t 0 0 0 0

BST o f A u g u st 2
.

It in d ie a tes th a t the eo n v e etio n d e ve lo Ped in to an MCC a t thi s tim e
.

In the

Pr o ce ss o f th e M CC g en esis
,

the re w e r e 5 v ery sm a lle o n v ec tiv e ee lls (in d ie a te d by th e a r r o w s in

F ig
.

5) w h ich w o u ld b e e n g u lfe d by the e o m b in a tio n o f ee lls A a n d B
.

T h is Pr o ee ss m a y b e in
-

stru m en ta l to th e M C C d ev e lo Pm en t
.

A t 0 2 0 0 B ST
,

th e siz e o f c o ld 一e lo u d 一shi e ld re a eh ed the m a劝m u m a n d th e a r ea o f the te m
-

p er a tu re zo w e : th a n 一30 ℃ e x p a n d e d to o ve r 10 0 0 0 0 km 2
.

M o re o v e r ,
th e sh a p e o r th e m aj

o r

Par t o f th e MC C (i
.

e
.

th e e o ld一 c lo u d一 shield a ss o c ia ted w ith c e ll B ) b
eea m e q u a si一irc u la r

.

A f-

te r 0 2 0 0 B ST
,

g r a d u a lly
,
th e elo u d to P tem Per a tu r e in c r ea se d

,

the c o ld一lo u d一 shield b ro ke
, a n d

the sPir a lly一b a n d e d str u e tu r e w a s d isPla yed
.

It m ea n s th a t th e M CC ev o lv e d in to a v o r te x a t

0 70 0 BST
.

In te re stin g ly
,

th e d en sity o f th e T B B iso lin e s a lo n g the b o r d er o f th e e o n v e etio n 15 rela ted to

the ten d e n c y o f th e e o n ve e tio n d eve lo Pm en t
.

It e a n b e see n in Fig
.

5 tha t the e o n v ee tio n w ill b e

in te n sifi e d
,

i
.

e
.

th e clo u d to P tem Pe ra tu r e d e c re a se d a n d th e a r ea o f eo ld 一elo u d一shield e x
-

Pa n d ed
,

w he n th e T BB iso lin es a re d en se r a lo n g th e b o r d e r
.

o therw ise
,

w hen it b ee o m e s

thin n er ,
the d e v e lo Pm e n t w ill sto P a n d th e e o n vee ti o n w ill d issiPa te

.

T his 川le 15 e
ffe

e tiv e bo th

fo r sm a ll e o n ve e tiv e ee lls d u rin g the in itia l Ph a se o f M CC a n d fo r the M CC in the e o u r se o f

fo rm
a tio n to d issiPa tio n

.

It in d iea te s tha t th e T B B a n a ly sis o f in fr a re d sa te llite im a ge ea n b e
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.

5
.

T h e T B B is o lin e g r a Phs o f th e e o ld一c lo u d 一sh ie ld
.

T h e i so lin e s o f te m Pe ra tu re < 一3 0 ℃ a r e p lo t te d

B u t th e m a x im u m 15 一 15 o r 一 2 5℃ fo r th e d i s s ip a t in g Pha s e
(0 6 00 a n d 0 70 0 B ST )

.

T h e i n t e rv a l 15

o n e blo e k e n clo s e d by th e d a sh e d li n e s in e lud
e s 4 0 x 4 0 g r id p o in ts

.

I t s a r e a 15 a b o u t 10 0 0 0 0 km Z

t im e 15 Plo t te d o n th e g r a Phs
.

o n ly
.

10 ℃
.

.

T h e

u s e d n o t o n ly t o e x am in e the s tr u e tu r e o f the c o n v e e tiv e sys te m
,

b u t al s o to fo r e c a s t the

c o n v e e tiv e sys te m
.

I V
.

D I SC U SS I O N S

T he T B B o f the re s id u a l e o ld一lo u d一 sh ie ld a t 0 7 0 0 B ST 2 A u g u st w a s in the te m Pe r a tu r e

r a n g e fr o m 一3 5 to 一 15 oC (s e e F ig
.

5)
,

thu s the laye r w h e r e th e MC C一g e n e r a t e d v o r te x w a s 10
-

e a te d e a n b e e st im a te d to b e fr o m 4 0 0 to 2 5 0 hPa
.

F ig u re 6 sh o w s th e o b s e r v e d w in d s a n d th e

r e g io n w i比 the re la tiv e v o r tic ity le ss tha n 一4
.

0 x 10
一 5 5 一 1 o n 3 0 0 h Pa a t 0 5 0 0 B sT o f A u g u s t 2

.

I t c a n b e se e n th a t the o b s e r v e d w in d s in the r e g io n e o v e re d by the MC C e x hibit a w e ll一
e fi n d e d

a n tie ye lo n e
.

T he n e g a tiv e v o r tie ity c e n tre o f the e a s t s id e j
u s t e o rr e sPo n d s to th e lo e a tio n o f the

M CC in Fig
.

le
.

C o n se q u e n tly
,

w e e a n sa y th a t th e sPirlly一b a n d e d s tru c tu re o f th e d is siPa tin g
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6
,

3 0 0 hP a a n a lysis a t 0 8 0 0 B ST o f A u g u st Zn d 19 9 2 (S
o lid lin e 15 iso the rm a lin u n it ℃

.

D a she d lin e 15 the

v o r tie ity e o n t o u r o f一4 x 10
一5 5一 l

,

Plo t te d 15 th o o b se r v e d w in d s an d tem p e r a tu r es
.

)

M C C im Plie d a n u PPer一leve lm es o se a le hi g h
.

T he o bser v e d tem Per a tu re Plo tte d in Fig
.

6 sh o w s

th a t the 3 0 0 hPa tem Pe r atu r e s in th e a r ea eo ve r ed by the M C C a re hig he r tha n 一2 8℃
,
a b o u t 0

.

5

一 1
.

0 ℃ w a rm e r th an the su r r o u n d in g a r e a s
.

It in d ie a tes th a t the 30 0 h Pa m eso se a le a n tie ye lo n e

15 Pr o d u c e d by la ten t he a tin g w h ie h e a u se s th e u PPe r is o b a rie s u rfa e e risin g
.

M e n a r d a n d Fr its c h

(19 8 9 ) g a v e a sa tellite im a g e w ith a v ery d istin c t v o r te x g en er a te d by M C C
,

b u t it is a

m id d le一lev e lcye lo n e
.

T her e fo re ,

the M C C一 g en er a te d v o rte x d o eu m en ted in this Pa Pe r 15 d iffo
r

-

e n t fr o m th e e a se g iv e n by M en a r d a n d Fritseh (1 9 89 )
.

T h e tim e se r ie s o f T B B is o lin e gr a Phs in F ig
.

5 in d iea te th a t the e e n trio d o f the M C C w a s

sta tio n a ry
, a n d it w a s m a in ta in ed a t the in itia l lo ea tio n o f the c o n v eetiv e e ell B fo r 12 h o u r s ,

m e a n in g th a t the e n v ir o n m e n ta l w in d fi eld w a s to o w ea k to shift the M CC
.

T he v o r te x e a n be

v isu a liz ed in th e sa te llite im a g e s bee a u se the eirc u la tio n o f the M C C一
e n e ra ted v o r tex w a s n o t

d istu rbe d b y th e en v ir o n m en ta lw in d
.

In su m m a ry
,

the e a se o f a n M CC d o eu m en ted in th is Pa Per in d ic a te s th a t the u PPe r le v e l

m e s o sea le hig h 15 o n e o f the Prin e iPa l fo rm
s o f a m a tu r e M CC

.

If a n MCC o cc u r s in a w ea k er

en v ir o n m en ta l w in d fi eld su eh a s the su b tr o Pic a l h ig h
,

th e v o r te x stru c tu r e o f the M C C w o u ld

be eo m e v isib le in the sa tellite im a g e w he n ev er the M CC en ter s in to th e d issiPa tin g Ph a se
.

I w o u ld lik e to tha n k P r o f
.

J
.

M
.

Fritsch fo r the d ise u ss io n o f th e M C C
.

A Iso I w o u ld lik e to tha n k M r
.

H u a n g W
e

fo r his he lP a b o u t th e o
bj

e et a n a ly sis
.

R E F E R E N C E S

Fritse h
,

J
.

M
.

a n d M a d d o x
,

R
.

A
.

(19 8 1)
,

C o n v e etiv ely一 d riv e n m e so se a le P ressu re syste m s a lo ft
,

P a r t l : o b se rv a
-

tio n ,

J
.

月即1
.

M
e te o r

.

2 0 : 9一 19
.

M e n a川
,

R
.

D
.

a n d Fri tse h J M (19 8 9 )
,

A m e so sc a le eo n v ee tiv e c o m Ple x 一g en er ate d in e r tia lly sta ble w a

rm
e o r e v o r

-

te x ,

M
o n

.

环z亡‘
.

R e v o
1 1 7 : 12 3 7一 12 5 1

.

N a tio n a l Sa re llite M e teo r o lo g y C en 亡e r (1 9 9 2 )
,

U se r g u id e o f m ie r o ,
o m Pu te r Pr o ce ssin g sys te m fo r G M S

.


