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N U M E R IC A L S IM U L A T IO N O F M E SO SC A L E S T R U C T U R E S

O F T Y P H O O N A N D O R O G R A P H IC E F F E C T S U SIN G MM S
辛

W a n g 尸 e n

gy
u n (王鹏云 )

C h in e s e A e a d e m y o f M
e t e o r o lo g ie a l S eie n e e s

,

Be iji
n g 1 0 0 0 8 1

R e e e iv e d A p r il 2 2
,

1 9 9 9 ; r e v is e d Ju ly 1 0
,

1 9 9 9

A B S T R A C T

T h e t r a ek
,

la n d fa ll
,

d yn a m ie a n d th e r m o d yn a m ie a n d elo u d
一r a in p h ys iea l m e s o s e a le s t r u e t u r e s

a n d th e ir e v o lu tio n o f typ h o o n H E R B 1 9 9 6 in 3 6 h fr o m 0 0 0 0 U T C 3 1 J
u ly t o 1 2 0 0 U T C 1 A u g u s r

1 9 9 6 w e r e s im u la te d b y u s in g t he n o n 一h y d r o s t a t ie m e so se a le m o d e lM M S
.

T h is p e rio d e o v e r ed t he

p r o e es s o f typ h o o n H E R B la n d fa ll a t T a iw a n a n d Fu
ii

a n Pr o v in e e s
.

R e s u lts s h o w th a t th e m o d e l s u e e e s sfu lly sim u la te d t he la n dfa ll p r o e e ss o f typ ho o n H E R B

r e v e a le d th e m o s t im p o r ta n t e ha r a e te r is tie s o f th e m e s o s e a le d yn a m ie a n d t he r m o d y n a m ie a n d

e lo u d
一 r a in p h ys ie a l s t r u e t u r e d u r in g it s la n dfa ll

.

T he s im u la te d typ h o o n t r a e k w a s e lo s e t o th e

o b s e r v a tio n
.

T he e e n t e r o f e ye lo n ie eir e u la t io n s im u la te d a t 0 0 0 0 U T C o n 1 A u g u s t 1 9 9 6 (2 4 h

in te g r a tio n ) w a s lo e a te d in sh o r e n e a r F u q in g
,

F u
」i
a n Pr o v in e e a t w h ie h th e typ h o o n w a s r e p o r te d

t o la n d fa ll tw o ho u r s la te r
.

It s h o w s th a t s t r o n g u pw a rd m o tio n fo r m e d by lo w le v e l eo n v e r g e n e e

e x is te d in t he e y e 一w a ll a n d s u bs id e n ee a t t he e y e
.

T he w in d fie ld s h o w s ele a r a s ym m e t r ie a l

s t r u e t u r e n e a r th e typ h o o n e e n te r
.

T h e e lo u d a n d r a in b a n d w a s se r e w
一 tyP e d d is t r ib u te d a r o u n d

typ h o o n e e n te r
,

a n d e o n s is te d o f m e s o 一

日
se a le r a in eo r e s

.

D u rin g th e p e rio d o f t yp ho o n H E R B

s t a yin g n e a r a n d p a s s in g o v e r T a iw a n
,

th e lo w e r e lo u d w a s d e v e lo p e d in th e e ye r e g io n 5 0 th a t th e

p r e v io u s e le a r t yp ho o n e y e o n t he sa tellite p ie tu r e s be e a m e fu z z y
.

O b s e r v a tio n s h o w s th a t th e

typ h o o n e e n te r w as “

w a r m
” ,

b u t th e m o d e l s im u la tio n s w ith h ig h e r s p a e e r e so lu tio n s h o w t ha t in

th e m id
一t r o p o s p he r e th e r e g io n o f e ye 一 w a ll w ith s t r o n g e r u p w a rd m o tio n a n d m o r e e lo u d

一 a n d r a in
-

w a t e r w a s w a r m e r th a n t he e y e
.

D u rin g th e p e rio d o f typ h o o n p a s s in g o v e r T a iw a n a n d its fo llo w in g la n d fa ll a t F u
ii
a n

,

th e

tr a e k o f m o d e l ty p h o o n d e v ia te d a b o u t 3 0 k m n o r th w a r d (1
.

e
. ,

rig h tw a r d ) be e a u s e o f th e

o r o g r a p h ie e ffe e ts o f T a iw a n Isla n d
,

b u t t he s t r e n g th o f th e t yp ho o n w a s n o t a ffe e te d r e m a rk a b ly
·

T he a m o u n t o f r a in fa ll o n T a iw a n in th e 3 6 h s im u la tio n s w a s e n ha n e e d m o r e th a n s ix t im e s b y t he

o r o g r a p hie lift in g o f T a iw a n
M

o u n t a in
.

K e y w o rd s : ty p ho o n m es o s ea le
,

elo u d p hy sie a l s t r u e t u r e
,

o r o g r a p hie e ffe et s
,

MM S (m e so s e a le

m o d e l
,

v e r s io n s)

1
.

IN T R O D U CT ION

tyP

T he

ho o n

t r o Pie a l

(H E R B

S t o r lll

1 9 9 6 )

N o
.

9 6 0 8 w a s fo r m e d o n 2 4 Ju ly 1 9 9 6
,

a n d th e n d e v e lo p e d in t o

o n 2 6 Ju ly in the N o r th w e s t Pa e ifie O e e a n a n d m o v e d w e s tw a r d
.

A fte r Pa s s in g O V e f th e n o r th r e g io n o f T a iw a n o n 3 1 Ju ly
,

it la n d e d a t F u q in g
,

Fu jia n

S u p p o r te d b y the Pr o g r a m o f
“

R e se a r e h o n t he F o r m a tio n
M

e e ha n is m a n d Pr e d ie tio n T h e o r y o f

S e v e r e S yn o Pt ie D is a st e r s in C h in a
.

(G 1 9 9 8 0 4 0 9 0 7 )
.
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Pr o v in e e o f S o u th C h in a a t 0 2 3 0 U T C 1 A u g u s t 1 9 9 6
.

A ft e r la n d fa ll
,

it m o v e d

n o r thw e s tw a r d a n d w e a k e n e d in t o tr o p ie a l s t o r m in Jia n g x i Pr o v in e e in the a ft e r n o o n o f l

A u g u s t
.

T h e w in d s p e e d m a x im u m u p to 4 0 一 6 0 m s 一 ’
,

a n d he a v y r a in fa ll o f 1 9 8 7 m m a t

A lish a n
,

6 5 3 m m a t R iy u e t a n
,

T a iw a n w e r e r e p o r te d d u r in g th e ty p h o o n la n d fa ll a n d

s t a yin g a t T a iw a n fr o m 3 0 Ju ly t o 1 A u g u s t
.

T he s t r o n g w in d a n d he a v y r a in fa ll m a d e 2 0

P e o Ple d ie d
,

4 0 m is s e d a n d h u n d r e d s in ju r e d
.

It w a s e s t im a te d t ha t o v e r o n e b illio n U
.

5
.

d o lla r s o f p r o p e r t y w a s d a m a g e d in T a iw a n
.

T h e e y e lo n e d e e a y e d fr o m th e la n d fa ll t yp ho o n e o n tin u a lly m o v e d n o r th w e s tw a r d
,

P a s s in g o v e r Jia n g x i H u n a n
,

H u b e i
,

H e n a n
,

Sh a n x i a n d S h a a n x i P r o v in e e s
.

U n d e r the

in flu e n e e o f th e e ye lo n e
.

h e a v y r a in fe ll in m a n y p la e e s o n it s w a y
.

M o r e tha n 1 0 0 m m

r a in fa ll fe ll in n o r th H u b e i a n d 2 0 0 m m in H a n s h u i R iv e r r e a eh e s
.

In S ha a n x i Pr o v in e e
,

1
.

3 x 1 0 4
ha o f a g r ie u lt u r a l fie ld w a s flo o d e d

,

o n e b r id g e w a s b r o ke n
,

h ig h w a y 3 10 w a s

b r o k e n o ff
,

a n d te n s o f tho u s a n d p e o p le w e r e b e s ie g e d by flo o d
.

D u r in g the typ h o o n H E R B p a s s in g o v e r T a iw a n
,

th e p r e v io u s ele a r typ ho o n e ye

sh o w n o n th e s a te llit e in fr a r e d elo u d p ie t u r e s w a s b e e o m in g fu z z y
,

th a t m a d e th e

fo r e e a s t e r s d iffie u lt t o lo e a t e th e ty p ho o n e e n t e r (Fig
.

1 )
·

L iu e t a l
.

(1 9 9尽) h a v e a n a ly z e d

s o m e o f th e d yn a m ie a n d th e r 孕o d yn am ie s t r u e t u r e s a s s o e ia t e d w ith this t yp ho o n b y u s in g

th e typ h o o n n u m e r ie a l m o d el o f N a t io n a lM e t e o r o lo g ie a l Ce n te r (N MC )
,

b u t th is m o d e l 15

a h yd r o s ta t ie o p e r a t io n a l o n e 5 0 th e ir s tu d y w a s lim it e d o n a la r g e r s e a le
.

M o r e o v e r
,

s in e e T a iw a n M o u n t a in (a ls o k n o w n a s Z h o n g ya n g M o u n t a in ) w ith m o s t

F ig
.

1
.

S a te llite in fr a r e d e lo u d p 让tu r e
.

(a ) 2 3 3 0 U T C 3 0 Ju ly : (b ) 1 2 3 0 U T C 3 1 Ju ly : (e ) 0 0 3 0 U T C

1 A u g u s t : (d ) 1 2 3 0 U T C 1 A u g u s t
.
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1 3

o f its P e a k s a b o v e 3 0 0 0 m 15 o r ie n te d fr o m n o r th t o s o u t h o n e e n t r a l T a iw a n Isla n d
,

it m a y

a ffe e t the s t r u e t u r e s a n d r a in fa ll o f t yp h o o n w he n the typ ho o n elo s in g t o o r la n d in g a t a n d

p a s sin g o v e r th e isla n d
.

Pr e v io u s s t u d ie s ha v ‘ s h o w n th a t the o r o g r a p h y o f T a iw a n Is la n d

ha d r e m a r k a ble effe e ts o n th e t r a e k
,

s tr e n g th a n d s tr u e t u r e s o f t yp ho o n s w he n the y p a s s e d

o v e r T a iw a n Is la n d o r n e a r by o e e a n a n d the n la n d e d o n Fu jia n o r Z h ejia n g Pr o v in e e s

(e
.

9
. ,

B r a n d a n d B le llo e h 1 9 7 4 : C h a n g 1 9 8 2 ; B e n d e r e t al
.

1 9 8 7 ; Y eh a n d E ls b e r r y 1 9 9 1 ;

L u o a n d C he n 1 9 9 5 )
.

In r e e e n t y e a r s
,

s o m e m e s o s e a le m o d e l s im u la t io n s h a v e d o n e t o

s t u d y the o r o g r a p h y e ffe e ts o f the is la n d o n ty p h o o n s
,

fo r e x a m p le
,

s e e o n d a r y e y elo n ie

e ir e u la t io n e e n t e r fo r m e d in t he w e s t r e a r o f th e isla n d a n d th e d e v ia t io n o f t yp h o o n tr a e k

w h e n ty p h o o n s m o v e d t o th e e a s t o f T a iw a n Isla n d (M e n e t a l
.

1 9 9 6 : Y o n g e t a l
.

1 9 9 6 )
.

S o m e s t u d ie s o n t he o r o g r a p h ie e ffe e t s o f the is la n d o n t yp h o o n in d u e e d h e a v y r a in fa ll w e r e

a ls o d o n e
,

b u t m o s t o f th e m u s e d id e a liz e d sym m e t r ie t e r r a in d a t a in s t e a d o f r e a l t e r r a in

d a ta (H a m u r o e t a l
.

1 9 6 9 ; B e n d e r e t a l
.

1 9 8 5 )
.

Z h e n g a n d W
u (1 9 9 6 ) s im u la te d the

o r o g r a p h y e ffe e t s o n “

9 2 1 6
”

t yp ho o n in d u e e d r a in e n ha n e e m e n t u s in g r e a l t e r r a in d a t a
,

b u t

th e ir s t u d y w a s m a in ly e o n e e n t r a te d o n t he e ffe e t s o v e r the m a in la n d w he n the ty p h o o n

la n d e d o n the Fu jia n P r o v in e e
.

Fo r g a in in g in s ig h t in to b o th d y n a m ie a n d th e r m o d yn a m ie s t r u e t u r e s a n d elo u d a n d

r a in p h y s ie a l s t r u e t u r e s n e a r ty p h o o n e e n te r in m e s o s e a le
,

a n d th e o r o g r a p h ie e ffe e t s o f

T a iw a n Is la n d o n he a v y r a in fa ll a t T a iw a n
,

in th is P aP e r
,

w e w ill Pr e s e n t n u m e r ie a l

s t u d ie s b y u s in g a n o n 一

h yd r o s t a t ie m e s o s e a le m o d e lMM S w ith hig h r e s o lu t io n (1 0 一息0 km

o f g r a d e s p a e in g )
.

T h e s t u d y w illb e fo e u s e d o n th e p e r io d o f la n d fa ll a t T a iw a n a n d Fu jia n

fr o m 0 0 0 0 U T C 3 1 Ju ly t o 1 2 0 0 U T C 1 A u g u s t 1 9 9 6
.

T h is s t u d y 15 a ls o a te s t fo r th e a b ilit y o f the n o n 一

h yd r o s t a tie m e s o s e a le m o d el MM S

w ith h ig h e r r e s o lu tio n t o s im u la te a n d fo r e e a s t la n d fa ll ty p h o o n s
.

11
.
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T h e n o n 一

h yd r o s t a t ie m o d e l MM S w a s d e s e r ib e d by G r e ll e t a l
.

(1 9 9 4 )
.

T h e v e r s io n

u s e d h e re in e lu d e s a h ig h
一 re s o lu tio n p la n e t a r y b o u n d a r y la ye r

.

E x p e r im e n t s in elu d in g fo u r

e ho ie e s to t r e a t Pr e e ip ita t io n Ph y s ie s a n d te r r a in e ffe e t s a r e lis te d in T a ble 1
.

A K u s e d

A n the s 一 K u o e u m u lu s P a r a m e te r iz a t io n s eh e m e ; E X PL 3 O u s e d e x Plie it s eh e m e in w hie h

p r o g n o s t ie e q u a tio n s fo r w a te r v a Po r
,

e lo u d w a te r (e lo u d ie e w he n T < O
o

C )
,

a n d r a in

w a te r (s n o w w h e n T <
o

C ) w e r e in e lu d e d
.

T he d o m a in (e e n t e r e d a t 2 6
o

N
,

1 1 8
o

E ) e o n t a in s

6 1 X 6 1 g r id p o in t s w ith a g r id s iz e o f 3 0 km fo r b o th A K a n d E X PL 3 o
.

In E X P L IO
,

e x p lie it s e he m e a n d G r ell e u m u lu s Pa r a m e t e r iz a t io n w e r e u s e d
.

Its d o m a in (e e n t e r e d a t

2 6
o

N
,

1 1 9
o

E ) e o n t a in s 1 2 1 X 1 2 1 g r id p o in t s w ith g r id s iz e o f 1 O k m
.

In E X PL l o
一

N T
,

a ll

eh o ie e s w e r e s a m e a s E X P L 1 0 b u t th e te r r a in e ffe e t s o f T a iw a n Isla n d w e r e e x e lu d e d fo r

te s tin g th e o r o g r aPh ie e ffe e t s o f T a iw a n Is la n d o n t yp h o o n s t r u e tu r e a n d r a in fa ll a t

T a iw a n w h ieh w a s e a r r ie d o u t b y r e d u e in g th e t e r r a in he ig h t d a t a o n m o d el g r id s o n

T a iw a n t o 0
.

1 m w ith the la n d fe a t u r e o n th e is la n d k e P t
.

In a ll e x P e r im e n t s th e te r r a in 15

r e p r e s e n te d b y a e t u a l h e ig h t o n a 1 0 , 又 1 0 ‘ la t it u d e 一lo n g itu d e g r id a n d a n a ly z e d o n g r id s by

u s in g 1 6 p o in t s a n d tw o d im e n s io n p a r a b o lie in t e r p o la t io n s ; the m o d e l a tm o s p he r e 15

d iv id e d in t o 2 5 la y e r s fr o m s u r fa e e t o 1 0 hP a ; a s ig m a e o o r d in a t e sy s t e m 15 u s e d
.

T h e

m o d e l w a s in it ia t e d u s in g th e g r id d a ta (g r id s p a e in g 1
.

8 7 5
0 0 f la tit u d e / lo n g itu d e ) o f N MC
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m e d iu m r a n g e s p e e t r a l m o d e l T 6 3

s u r fa e e a n d r a w in s o n d e d a t a
,

a n d

a s a
“

fir s t g u e s s
”

fie ld
,

s u p p le m e n te d by o p e r a tio n a l

S e a
s u r fa e e t em Pe r a t u r e a n d la n d U S e

d eP e n d e n t in flo w
一 o u t flo w e o n d itio n s

V V e r e
u s e d fo r

in te r v a ls

la t e r a l b o u n d a r y
,

d a t a
.

T he tim e -

a n d th e d a t a a t

b o u n d a r y w e r e 1in e a r ly in t e r p o la te d a t 1 2 h in t im e by u s in g T 6 3 a n alys e s a n d

o b s e r v a t io n a l d a ta
.

T h
e
m o d e l s im u la tio n s w e r e s ta r t e d a t 0 0 0 0 U T C 3 1 Ju ly a n d e n d e d a t

1 2 0 0 U T C 1 A u g u s t 1 9 9 6 fo r t o t a l 3 6 h
.

T a b le 1
.

L l s t o f S lm u la tio n E x p er im e n t s

E x p e r im e n t

n a ll le

D e s e riPtio n
G r id s iz e a n d

p o in ts o f d o m a in

A K 3 0 k m
,

6 1 X 6 1

E X P L 3O 3 0 k m
,

6 1 又 6 1

E X PL IO 1 0 km
,

1 2 1 X 1 2 1

E X PL IO
一
N T

A n th e s 一
K u o e u m u lu s p a r a m e te riz a t io n s e he m e

E x Plie 一t s e h e m e

E x p lie it s e h e m e a n d G r e ll e u m u lu s p a r a m e t e r iz a tio n se h e m e

S a m e a s E X PL lo b u t n o o r o g r a ph ie e ffe e t s o f T a iw a n Is la n d 1 0 k m
,

1 2 1 又 1 2 1

111
.

CO M PA R IS O N O F MO D E L N U M E R IC A L S IM U L A T IO N S A N D O BS E R V A T IO N S

T h e e o m p a r is o n o f s im u la tio n s a n d o b s e r v a t io n s s ho w s t ha t M M S s im u la te d the t r a e k

o f ty p h o o n H E R B a n d it s in d u e e d r a in fa ll q u ite w ell d u r in g it s la n d fa ll a t T a iw a n a n d

F u jia n
,

n o m a tt e r w h a t e x p e r im e n t s sh o w n in T a b le 1 w e r e u s e d
.

1
.

T ra e k of 7 3)Ph o o n a n d L a n

dj 疏11
a t Fujl’

a n P ro v in c e

’

T h e s im u la t e d tr a e k o f the t y p h o o n w a s g e n e r a lly elo
s e t o the o b s e r v a t io n s

.

L a e k in g

o f o b s e r v a t io n a l d a t a o n t h e E a s t C hin a S e a
.

th e in it ia lly a n a ly z e d ty p h o o n e e n te r w a s 1 3 0

k m t o s o u the a s t fr o m th e o b s e r v a t io n
,

a n d its s tr e n g t h w a s w e a k e r tha n th e o b s e r v a t io n :

s e a 一

le v e l p r e s s u r e a t t h e e e n t e r o f in it ia l t yp ho o n w a s 9 8 5 h p a
,

4 5 h p a h ig h e r tha n

o b s e r v e d 9 4 0 hPa
.

A s a r e s u lt
,

the s im u la t e d t yPho o n t r a e k w a s d e fle e t e d to th e s o u th a n d

the t y p h o o n e e n t e r w a s d e la y e d in the fir s t 12 ho u r s
.

H o w e v e r
,

the s im u la te d typ ho o n

t r a ek w a s a d iu s t e d by the m o d e l its e lf a n d e lo s e d to the o b s e r v a t io n s g r a d u a lly
.

A ft e r 2 4 h

m o d e l in t e g r a t io n
,

a t 0 0 0 0 U T C 1 A u g u s t
,

s h o w n in T a ble 2 t he s im u la te d lo e a t io n s o f

ty p h o o n e e n t e r a r e q u ite e lo s e t o th e o b s e r v a t io n s fo r a ll th e e x Pe r im e n t s
,

fo r e x a m Ple
,

2 5
.

Z
o

N
,

1 1 9
.

7
o

E fo r E X P L 3 O a n d 2 5
.

6
o

N
,

1 2 0
.

3
o

E fo r E X P L IO b e e o m e e o m Pa r a b le w ith

2 5
.

4
0

N
,

1 2 0
.

O
O

E fo r o b
s e r v a tio n s

.

T w o h o u r s a n d th ir t y m in u t e s la te r th e t y p h o o n w a s

la n d e d a t F u q in g
,

Fu iia n Pr o v in e e fo r b o t h o b s e r v a t io n s a n d s im u la t io n s
.

A ltho u g h t h e

s t r e n g th o f t he s im u la t e d t y p h o o n w a s s t ill w e a k e r th a n tha t o f th e o b s e r v a t io n the

d iffe r e n e e o f s e a 一

le v e l p r e s s u r e a t ty p h o o n e e n t e r ha d b e e n r e d u e e d fr o m in it ia l 4 5 h P a t o

2 1 一 2 4 h Pa fo r a ll th e e x p e r im e n ts
.

T h e g e n e r a l e v o lu t io n tr e n d o f the s tr e n g th
,

d e e a yin g

d u r in g th e 3 6 h p e r io d
,

w a s a ls o s im u la t e d w e ll by th e m o d e l
.
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1 3

T a ble 2
.

C o m p a riso n o f S im u la te d 3 6 h R a in fa ll a n d L o e a tio n o f T yp h o o n C e n t e r a t 0 0 0 0 U T C 1 A u g u st

1 9 9 6 (2 4 h In te g r a tio n ) w ith V a rio u s E x p e r im e n ts O b i
e e tiv e A n a lys e s (O B JA N S ) a n d

O b s e r v a tio n a l R e P o r ts (O B S )

Sim u la tio n

e x Pe r lm e fl t s

T o ta l r a in fa ll in 3 6 h fr o m 0 0 0 0

3 1 Ju ly to 1 2 0 0 1 A u g u s t (m m )

L o e a tio n o f S e a 一

le v e l

typ h o o n e e n te r
P r e s s u r e a t

A t T a iw a n A t F u
ji
a n

(L a tit u d e
/L

o n g it u d e ) C e n te r

typ ho o n

(hPa )

A K 9 9 2月任�了O曰5

E X P L 3 O

4 6 3

2 2 4

2 6 9

4 0

9 9 4

E X PL 1 0 9 9 2

E X PL I O
一N T 9 9 1

O B JA N S

O B S

9 8 2

A lis ha n F u z h o u :

2 5
.

4
o

N / 1 2 0
.

6
o E

2 5
.

Z
o

N / 1 1 9
.

7
o

E

2 5
.

6
o

N / 1 2 0
.

3
o E

2 5
.

4
o

N 八 2 0
.

4
o

E

2 4
.

7
o N / 1 2 0

.

3
o E

2 5
.

4
o

N / 1 2 0
.

O
O E 9 7 0

1 9 8 7 1 5 8 :

R i yu e t a n :

6 5 3
苦

X ia m e n :

6 3

‘ T o t a l r a in fa ll d u r in g p e r io d s fr o m 3 0 J
u ly t o 1 A u g u s t 1 9 9 6

.

2
.

R a i刀fa ll

T he 3 6 h a e e u m u la t e d r a in fa ll s im u la t e d by a ll fo u r e x p e r im e n t s 15 s ho w n i n Fig
.

2
.

T he p a t t e r n o f r a i n fa ll d is t r ib u t io n s h o w n in Fig s
.

Za
,

Zb a n d Ze 15 s im ila r t o t h a t s h o w n o n

t he s a t e lli t e in fr a r e d e lo u d p i e t u r e ( Fig
.

1 )
,

a n d t h e m a x im u m r a i n fa ll o n n o r th T a iw a n

s h o w n in Fig
.

3 15 a ls o r e v e a le d fr o m t he s im u la t io n s : 4 6 3 m m fr o m A K 2 2 4 m m fr o m

E X P L 3 0
,

a n d 2 6 9 m m fr o m E X PL I O
.

H o w e v e r
,

t he m a x im u m r a in fa ll o n T a iw a n

5 im u la t e d by E X P L I O
一

N T w a s o n ly 4 0 m m
,

a b o u t o n e s ix t h o f E X P L I O
.

T his w ill b e

d is e u s s e d in S e e t io n V l
.

A m o n g t h e s e e x p e r im e n t s
,

A K s im u la t e d r a in fa ll a m o u n t a n d d is t r ib u t io n a r e m o r e

e lo s e t o o b s e r v a t io n s
.

T h e r a in fa ll Pr e d i e t e d by A n t h e s 一

K u o e u m u lu s p a r a m e t e r i z a t io n

s e he m e in e lu d e s t w o p a r t s : o n e 15 la r g e 一 s e a le n o n 一e o n v e e t iv e r a in a n d t h e o t h e r 15

e o n v e e t iv e r a in
.

R e s u lt s in th is e a s e s ho w t ha t t he tw o p a r t s h a d e q u a l e o n t r ib u t io n t o t he

t o ta l r a in fa ll
.

O n t he n o r th Pa r t o f T a iw a n n e a r th e t yP ho o n e e n t e r
,

t h e t o t a l 4 6 3 m m
r a in fa ll e o n s is t e d o f 2 7 4 m m e o n v e e t iv e r a in a n d 1 8 9 m m n o n 一e o n v e e t iv e r a in

,

b u t t h e

m a x im u m r a in fa ll a t s o u t h T a iw a n w a s m a in ly fr o m e o v e e t iv e r a in
.

T h e E X PL 3 O p r e d i e t e d

s im ila r P a tt e r n o f r a in fa ll d is t r ib u t io n
,

b u t t h e m a x im u m a t n o r th T a iw a n w a s o n ly h a lf o f

th a t b y A K
.

T h is m a y b e e a u s e d b y t he fa e t t h a t E X PL 3 O e o n s id e r e d o n ly r e s o lv a b le s e a le

(s e a le
) 3 0 k m ) p r e e ip ita t io n

,

b u t d id n o t e o n s id e r t h e n o n 一 r e s o lv a ble S e a le o r s u b
一 s e a le

(s e a le < 3 0 k m ) e o n v e e t iv e r a i n
.

I n E X PL I O
,

b o t h r e s o lv a b le s e a le (s e a le ) 1 0 k m ) r a in
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1 1 0
0
E 1 1 5 1 2 0 1 2 5 6 1

1

卫」卫坦 1 1 5 1 2 0 1 2 5
6 l

(a )

3 0
0

N

2 5
l;�,

L|卜|||ee

2 0

1 l 2 l 3 1

J二讼= 二一一 ‘

4 1 5 1 6 1

1 1 5
0
E 1 2 5

( e )

1 1 5
o

E 1 2 0 1 2 5

翩

人
3 0

0
N 又

1 2 0

— ,

艺〔

2 5

F ig
,

2
.

M
o d e l s im u la t e d 3 6 h r a i n fa ll

.

(a ) A K : ( b ) E X P L 3 0 : ( e ) E X PL 1 0 ; ( d ) E X P L 1 0
一N T

.

C o n t i n u o u s e o n t o u r s d e n o t e 1 0
,

2 5
,

5 0
,

1 0 0
,

1 5 0
,

2 0 0
,

2 5 0
,

3 0 0
,

3 5 0
,

4 0 0
,

4 5 0
,

5 0 0 m m

fo r (a ) a n d (b ) : e o n t o u r s w it h in t e r v a ls o f 2 0 m m a r e d r a w n fo r (c ) a n d (d )
.

a n d n o n 一r e s o lv a b le s e a le o r s u b
一 s e a le (s e a le < 1 0 k m ) e o n v e e t iv e r a in w e r e in v o lv e d

,

b u t

r e s u lt s s h o w t ha t th e r a i n fa ll p r e d i e t e d b y E X P L I O w a s
m a in ly e o m Po s e d o f r e s o lv a b le

s e a le r a in
.

T h e a b o v e d is e u s s i o n in d ie a t e s th a t t h e e o n v e e t i o n s e a le n e a r th e ty p h o o n e e n t e r

w a s 1 0 一 3 0 k m
.

T h e r e fo r e
,

s im u la t io n w i t h g r id
s p a e i n g e q u a l t o o r la r g e r t h a n 3 0 k m

m u s t e o n s id e r s u b
一 s e a le e u m u lu s P a r a m e t e r i z a t io n

.

S in e e t h e e x P e r im e n t s o f E X P L 3 O a n d E X PL I O in e lu d e e x Pli e i t t r e a t m e n t o f e lo u d

w a t e r
,

r a in w a t e r
,

s n o w a n d ie e
,

t he y e a n p r o v id e n o t o n ly t he d y n a m ie a n d

th e rm o d yn a m i e s t r u e t u r e s b u t a ls o t he e lo u d a n d p r e e ip it a t io n d is t r ib u t io n s n e a r ty p h o o n

e e n t e r .

T h e r e fo r e
,

w e w ill u s e t h e s e tw o e x Pe r im e n t s i n t h e fo llo w i n g s e e t i o n s fo r

a n a ly z in g t he s t r u e tu r e s
,

d e v e lo P m e n t a n d e v o lu t io n o f t yP ho o n H E R B a n d E X PL I O a n d
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1 3

F ig
.

3
.

T o ta l r a in fa ll o b s e r v e d a t T a iw a n fr o m 3 0 Ju ly t o 1 A u g u st 1 9 9 6
.

C o n t o u r s la be le d In 111 111
.

E X P L 1 0
一

N T fo r t e s t in g the o r o g r a p hie effe e ts o f T a iw a n Isla n d

in d u e e d b y the ty p h o o n
.

o n the he a v y r a in fa ll

IV
.

D YN A M IC A N D T H E R M O D Y N AM IC S T R U C T U R E S A N D E V O L U T IO N O F T Y PH OO N H E R B

D U R IN G IT S L A N D FA L L A T T A IW A N A N D F U JIA N

1
.

S tr u c tu re of Ci rc u la t io n n e a r

F r o m a

s t r u e t u r e o f

s im u la t io n s

S e r le S
o f t yp h o o n

T , 户h o o n

Ce
n te r

tr a e k a n a lys e s C h e n (1 9 8 5 ) e o n e lu d e d t h a t a s ym m e t r ie a l

t yp h o o n e o u ld g r e a tly im p a e t it s m o t io n d ir e e t io n
.

A n a ly s e s a n d n u m e r ie a l

u s in g d a t a fr o m in t e n s ifie d o b s e r v a t io n s o f e x p e r im e n ts S PE C T R U M
,

T CM
-

9 0 a n d T Y P H O O N in s u m m e r 1 9 9 0 a t N o r thw e s t P a e ifie O e e a n v e r ifie d t his Po in t o f v iew

(C h e n a n d L u o 1 9 9 6 ; L u o e t a l
.

1 9 9 6 ; X u e t a l
.

1 9 9 6 )
.

O u r s im u la t io n s e le a r ly sh o w e y e lo n ie e ir e u la tio n a n d a s y m m e t r ie a l s t r u e t u r e n e a r the

t yp ho o n e e n t e r
.

E x a m in in g th e e ir e u la t io n fie ld s a t 2 5 p r e s s u r e le v e ls fr o m 1 0 0 0 hP a u p to

1 0 hP a w e e a n s e e th a t th e e ye lo n ie e ir e u la t io n e x te n d s fr o m s u r fa e e u P to 2 0 0 hP a
,

a n d

ey elo n ie in flo w 15 b e lo w a n d o u tflo w a b o v e 4 5 0 一 6 0 0 h Pa n e a r th e e e n t e r
.

Fig u r e 4 sh o w s

s t r e a m lin e fie ld s a t 0 0 0 0 U T C 1 A u g u s t 1 9 9 6 (2 4 h in te g r a t io n ) a t 8 5 0
,

7 0 0 a n d 5 0 0 hPa
,
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4
N U M E R IC A L S IM U L A T IO N OF T YP H O O N 邑 O R O G R A P H IC E F FE C T S 4 8 1

‘卫

0了l
亡J‘ “

2 0 2 5 3 0 3 5
:

4 0 4 5

r e s p e e t iv e ly s irn u la t e d by E X PL 3 O
. e le a r ly

P r e s s u r e

C e fl te r s t

le v e ls
,

o u t flo w fr o m ty Ph o o n e e n t e r a t

s ho w s ey elo n ie e ir e u la t io n a t the th r e e

5 0 0 hPa
,

a n d in flo w t o w a r d s tyPh o o n

8 5 0 a n d 7 0 0 hP a
.

S im u la t io n s by E X PL IO w ith h ig h e r r e s o lu tio n

sh o w s im ila r r e s u lt s
,

n e a r 4 5 0 hP a
.

F ig u r e s

E X PL 3 O

ha p Pe n s l

by w in d

n o r t h e a s t

e x e ep t th a t th e e h a n g in g le v e l fr o m in flo w t o

tha n b y

o u t flo w

sa a n d se s ho w the g e o p o t e n t ia l h e ig ht field s u p e r im p o

fie ld a t 8 5 0 hPa a n d

q u a d r a n t o f the e e n t e r

7 0 0 hP a
,

a n d w e a k e r

r e s p e e t iv e ly
.

T he w in d w a s s t r o n g e r In

s e d

th e

in t he s o u th w e s t
,

s u eh a Pa t t e r n

a n d t h e w e s tw a r d

L u o (1 9 9 6 )
.

V e r tie a l e r o s s

m o v in g o f th e ty p h o o n a r e
e o n s is t e n t w ith th e e o n e lu s io n

o f w in d fie ld

o f C he n a n d

s e e tio n o f v o r t ie it y a lo n g A B o n F ig
.

sd sh o w s v o r t ie ity m a x im u m
,

2
.

8

又 1 0 一 ‘ s 一 ‘
lo e a t e d a t 8 0 0 hPa in the n o r th p a r t o f typ h o o n eye 一

w a ll: a n d a t 9 5 0 hP a in the

s o u th p a r t
.

In th e e ye o f t yPho o n
,

v o r tie it y w a s w e a k (fig u r e o m it t e d )
.

V e r t ie a l v elo e it y 田 15 d ir e e tly in t e g r a t e d fr o m v e r t ie a l m o m e n t u m e q u a t io n :

日尸
赞
田

刁 t

_ _ _ 2

「旦旦鱼竺丝 、 些里竺些鱼〕一 旦上立型 + 动Iv
一

‘

“ L 刁 x
’

日y J J 吞
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1 3

十 二 、

盯奈婆
十
誉

一

黑尸 ‘ 上 0 u 1 1 1 0」
一 p

·

、压、
·

+ 、
·

〕+ D
倒

·

w h e r e p r e s s u r e P
.

t e m p e r a t u r e T a n d d e n s it y 尸 e o n s is t o f e o n s t a n t r e fe r e n e e s t a t e P 。
,

T 。
,

尸。 a n d e o r r e s p o n d in g p e r t u r b a t io n s p
, ,

T ,
,

刀
, .

1
.

e
. ,

尸 (J
,

y
夕 z

,

t) 一 P 。 (z ) 十 尸‘
(劣

,

y
,

z
,

t)
,

T (犷
,

y
.

2
,

t) 一 T
。
(z ) 十 T ‘ (了

,

y z
,

t)
,

夕(二 y
,

z
,

t) 一 尸。份 ) 月
一

洲 (x
,

y
,

z
,

t)
.

T h e v e r t ie a l 少
一e o o r d in a t e 15 d e fin e d e n t ir ely fr o m t he r e fe r e n e e p r e s s u r e a = (P 。

一P
:

) / P
‘ ,

w he r e P
‘

(x
,

少夕= P
;

(x
,

夕) 一P
, ,

p
、 a n d P

, a r e t h e s u r fa e e a n d t o p p r e s s u r e s
,

r e s p e e tiv e ly
·

o f t he r e fe r e n e e s t a te a n d in d eP e n d e n t o f t im e
.

T e r m D
。 r e p r e s e n t s th e v e r tie a l a n d h o r iz o n t a l d iffu

s io n a n d v e r t ie a l m ix in g d u e t o t he

p la n e t a r y b o u n d a r y la y e r t u r b u le n e e
.

D介
te r m 15 d iv e r g e n e e a d d e d fo r th e n o n -

h y d r o s t a tie e q u a t io n
.

(((a ) 拱
二
三
二

污污云拼班冬之兰兰鑫教⋯⋯落落羹羹
几戈戈卜卜
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.
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口口口口厂厂厂厂

444
一甲
砂 一 ~ 犯~ +++

、 1 , 于、 、 , 少卜 , ‘‘

弓弓
- · · · , 一

: :二 : 月月或污滋三三东东
络络

· , 。 · 。 ‘ .

一 石石冲州睑 , 全少,叉
.

,,

尽尽
- -

一 , . 峨声. 叫叫奋公叼叼 之之入入

:::卜
.

, 一~ 碱阵二胃胃

短短轰鑫当当

蒸蒸蒸
续翻鑫魏{{{

稀稀稀稀稀稀稀酬酬荞荞荞飞飞飞飞
{{{纯七七处处麟麟

(d )
厂夕产

一
5 l 5 1

4 l 黝
4 1

七、、 亡J i

片
30 、

\

厂
/ / -

3 1 习
3 1

厂 /

2 5
o
N 一

犷
2 1

ll

江江江
黔黔黔

1 l
2 0

o
N

凡
尸

一

1 15
O
E 1 2 0

o
E 矛

,

衬一节

1 2 5
o
E

ll 2 1 3 l 4 1 5 l 6 l 1 l 2 1 3 l 4 1 5 1 6 l

Fig
.

5
.

M
o d e l (E X P 3 o ) s im u la te d a t 0 0 0 0 U T C 1 A u g u st 1 9 9 6 : (a ) g e o p o t e n tia l he ig h t (g p m ) a n d

w in d fie ld a t 8 5 0 hPa : ‘b ) g e o p o t e n t ia l he ig h t e lo u d w a te r m ix in g r a tio ( sh a d e d a r e a

r e p r e s e n ts ) 2
.

0 义 1 0 一5 kg k g 一 1 ) a n d r a in w a t e r m ix in g r a tio (h e a v y e o n t o u r e d lin e s w ith a n

in itia l v a lu e o f 1
.

0 又 1 0 一 5 k g k g 一 1 a n d the n a t in er e a s in g in te r v a ls o f 1 0 又 1 0 一 5 kg k g 一 1 ) :

(e ) s a m e a s (a ) bu t fo r 7 0 0 hP a : (d ) sa m e a s (b ) b u t fo r 7 0 0 hPa
.
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00
一
1lb

10 0

20 0

3 0 0

星
4 。。

巴 5 00

遥
6 。。

山

70 0

8 0 0

9 00

9 50

1 0 00

A △ B

F ig
,

6
·

V e r tie a l e r o ss s e e tio n o f v e r t ie a l v e lo e ity (e m s 一 1) a lo n g A B in F ig
.

sd a t 0 0 0 0 U T C 1 A u g u s t

1 9 9 6
.

△ in d 盛e a t es th e lo e a tio n o f tyPh o o n ee n t e r (s a m e h e r e a ft e r )
,

T he e r o s s s e e tio n o f v e r t ie a l v e lo e ity a lo n g A B in Fig
.

sd sh o w s s t r o n g u p w a r d

m o t io n in the e y e 一

w all fr o m s u r fa e e u p t o 3 0 0 hP a
,

w it h t h e m a x im u m o f 2 8
.

5 e m s 一 1 t o

th e n o r th a n d 2 1
.

0 e m s 一‘ t o the s o u th o f e y e a t 7 0 0 hP a : a n d d o w n w a r d in t he e e n t e r o f

the e ye (F ig
.

6 )
.

T h e u pw a r d m o t io n in th e eye 一

w a ll w a s a s s o e ia t e d w ith the d iv e r g e n e e

fie ld e o n v e r g e n e e b e lo w a n d d iv e r g e n e e a b o v e 8 0 0 h P a w it h t he rn a x im u m o f 一 2
.

6 火 1 0 一 4

s 一 ] a t n e a r 9 0 0 h Pa t o the n o r th o f e y e
.

2
.

T he

rm
o

dy
n a m ic S t r u c tu re n e a r 7冲h 0 0 0

Ce
n t e r

In g e n e r a l
,

e q u iv a le n t P o t e n t ia l t e m p e r a t u r e (夕
,

) fie ld a n a ly z e d fr o m o b s e r v a t io n a l

d a ta sh o w s r e la t iv e “

w a r tn
”

in th e e y e b u t
“e o o l

’

in the e y e 一

w a ll (L iu e t a l
.

1 9 9 8 )
.

F ig u r e

7 s h o w s th e 7 0 0 h Pa g e o p o t e n t ia l he ig ht s a t 0 0 0 0 U T C 1 A u g u s t a n d t he v e r t ie a l e r o s s

s e e tio n a lo n g C D in F ig
.

7a o f e q u iv a le n t p o t e n t ia l t e m p e r a t u r e 民 a n o m a ly (1
.

e
.

d iffe r e n e e

fr o m the a v e r a g e d 氏 a t s a m e p r e s s u r e le v e l) a n a ly z e d fr o m o b s e r v a tio n a l d a t a
.

E v id e n t ly
,

the ty p h o o n e e n t e r w a s r e la t iv e “

w a r m
”

(p o s itiv e 夕
, a n o m a ly )

,

w ith th e m a x im u m 氏
a n o m a ly lo e a te d a t 8 5 0 a n d 4 0 0 hPa

.

T h e m o d el s im u la tio n w ith hig h e r r e s o lu t io n g iv e n in Fig
.

8 s
ho w s th a t 况 in rh e e y e -

w a ll w a s 7 一 9 K h ig h e r th a n in th e e y e a t m id
一
tr o p o s p h e r e f

r o m 8 0 0 一 5 0 0 h Pa
,

h e n e e t he

ty p h o o n e e n t e r w a s r e la t iv e “e o o l
”

(民一 3 4 4 K ) a t the s e le v e ls : a t lo w e r le v els (9 5 0 一 1 0 0 0

hPa )
,

h o w e v e r
,

氏 in ty Ph o o n e e n t e r w a s 5 K h ig h e r t ha n in the s o u th e r n eye 一

w a ll
,

he n e e

th e e e n te r w a s r ela tiv e “

w a r m
”

(民一 3 5 1 K )
.

S u e h a d is t r ib u t io n 15 e o n s is te n t w ith the

a n a ly s e s o f H a w k in s a n d Im b e m b o (1 9 7 6 ) fo r hu r r ie a n e In e z 1 9 6 6
.

T h e “

w a r m
”

in the

e y e 一

w a ll a t m id
一
tr o p o s p h e r e (7 0 0 hP a ) w a s a s s o e ia t e d w ith th e s t r o n g u pw a r d m o t io n

s ho w n in F ig
.

6 a n d h ig h e r e o n t e n t s o f e lo u d a n d r a in w a t e r
,

w h ieh w o u ld r e le a s e m o r e

la t e n t h e a t (s ho w n la t e r 122 F ig
.

1 0 )
.
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7 0 0

8 0 0

9 0 0

9 5 0

10 0 0

吸

F ig
.

7
.

( a ) O bj
e e t iv e a n a ly z e d 7 0 0 h Pa g e o p o te n t ia l he i g h t , ( g p m ) a t 0 0 0 0 U T C 1 A u g u s t 1 9 9 6 : ( b )

V e r t ie a l e r o s s s e e t io n o f氏 a n o m a ly (K ) a lo n g C D i n (a )
.

�己q)
‘��浓出

Fi g
.

8 V e r t ie a l e r o s s s e e t io n o f m o d e l s im u la t e d 氏 a n o m a ly (K ) a lo n g A B i n Fig
.

sd a t 0 0 0 0 U T C

A u g u s t 1 9 9 6
.

V
.

C L O U D A N D R A I N PH Y S I CA L S T R U C T U R E S A N D E V O L U T I O N O F T Y PH 0 0 N H E R B

D U R I N G I T S L A N D F A L L A T T A I W A N A N D F U JI A N

I n E X PL 3 O a n d E X PL I O
,

in a d d i t io n t o

a n d s n o w w he n t e m Pe r a t u r e b e lo w O
o

C )

w a t e r v a Po r
,

e lo u d w a t e r a n d r a in

a r e
a ls o p r o g n o s t i e v a lu e s

.

( s n o w )

T he

e q u a tio n s fo r w a t e r v a p o r
,

e lo u d w a t e r (i e e ) a n d r a in w a t e r
m l x i n g

w a t e r (i e e

Pr o g n o s t lc

r a t 1 O S a r e
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四
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刁J

+ 。潞D lv 一

澳婴
十 尸

·

(尸RE + 尸Rc + 尸RA ) 十 D 二 ,

O U

w h e r e P cow 15 e o n d e n s a t io n (fr e e z in g fo r T < O
o

C ) o f w a t e r v a p o r in to e lo u d (i e e ) a t w a t e r

s a t u r a t io n
,

P积 15 a e e r e t io n o f e lo u d b y r a in (i e e b y s n o w )
尸

P 那 15 e o n v e r s io n o f e lo u d t o

r a i n ( ie e t o s n o w ) a n d P 咫 15 e v a p o r a t io n (s u b lim a t io n ) o f r a in (s n o w )
.

A d d i t i o n a l i e e

P r o e e s s e s a r e P , ,
,

t he in i t ia t io n o f ie e e r y s t a ls
,

a n d P 二 s u blim a t io n / d e p o s i t io n o f e lo u d

ie e
.

T h e fa ll s P e e d o f r a in o r s n o w 15 V f
.

T h e t e r m 占
。* 15 1 fo r n o n 一

hyd r o s t a t i e a n d 0 fo r

hyd r o s t a t i e s im u la tio n s
.

D a n d D I V t e r m s ha v e s a m e m e a n in g s a s fo r e q u a tio n o f v e r t ie a l

v e lo e it y
.

T hu s
,

w e e a n a n a ly z e t h e e lo u d a n d r a in p hy s i e a l s t r u e t u r e s a n d e v o lu tio n fr o m

m o d e l s im u la t e d fie ld s fo r e lo u d w a t e r (i e e ) a n d r a in w a t e r (s n o w )
.

T he m o d e l s im u la t e d

e lo u d a n d r a in w a t e r m ix in g r a t io fi e ld s s ho w t ha t e lo u d a n d r a in w a t e r w e r e e o n e e n t r a t e d

in t h e e y e 一w a ll b u t e le a r in th e e y e b e fo r e t he t yp ho o n a r r iv e d a t T a iw a n ( fig u r e s

o m itt e d )
.

W he n t he t y Pho o n m o v e d n e a r a n d Pa s s e d o v e r T a iw a n I s la n d
,

lo w
一

le v e l e lo u d

w a s d e v e lo p e d i n t h e e y e
.

F ig u r e s sb a n d sd s ho w t he e lo u d w a t e r a n d r a in w a t e r m i x in g

r a t io s a t 0 0 0 0 U T C 1 A u g u s t a t 8 5 0 a n d 7 0 0 h Pa
,

r e s p e e t iv e ly
.

T he r e w e r e n o e lo u d w a t e r

a n d r a in w a t e r in th e e y e r e g io n a t 7 0 0 h Pa
,

b u t t h e e y e w a s fille d w it h e lo u d w a t e r a t 8 5 0

h Pa
.

F ig u r e 9 s h o w s v e r t i e a l e r o s s s e e t io n s t h r o u g h t h e ty p h o o n e e n t e r fr o m s o u t h t o

n o r t h (F ig
.

g a ) a n d fr o m w e s t t o e a s t (F ig
.

g b ) a t 1 8 0 0 U T C 3 1 Ju ly 1 9 9 6
.

A t t h is

m o m e n t t h e m o d e l t yp h o o n a r r iv e d in t he s e a a r e a t o n o r t he a s t o f T a iw a n I s la n d w h ile t he

r e a l t yp h o o n ha d la n d e d o v e r t he is la n d (m o d e l t yp ho o n w a s d e la y e d w i th r e s p e e t to t he

r e a l t y p h o o n )
.

F r o m F ig
.

9 w e e a n s e e t h a t e lo u d h a d a p p e a r e d a t lo w
一

le v e ls b u t s t ill b e lo w

9 5 0 h Pa in t h e ty Ph o o n e e n t e r
.

A ft e r t he t y Ph o o n Pa s s e d o v e r T a iw a n Is la n d
,

a t 0 0 0 0

U T C 1 A u g u s t 1 9 9 6
,

t h e e lo u d ha d d e v e lo p e d u p t o 8 0 0 hPa in t he t y p h o o n e y e (Fig
.

10 )
.

T h e m a x im u m e lo u d a n d r a in w a t e r w a s lo e a t e d n e a r a n d a b o v e th e a r e a o f m a x im u m

u p w a r d m o t io n w h e r e t h e r e le a s e o f la t e n t h e a t m ig ht fo r m t h e r e la t iv e “

w a r m
” r e g io n in

t h e e y e 一

w a ll s h o w n in Fig
.

8
.

T h e lo w
一

le v e l e lo u d d e v e lo p e d d u r in g th e t yp h o o n p a s s in g

o v e r T a iw a n I s la n d m a d e t h e e y e o n t he s a t e llite e lo u d p ie t u r e b e e o m e fu z z y
.

F ig u r e s sb

a n d sd a ls o s ho w t ha t t he e ir e le 一

w is e r a in b a n d a r o u n d t h e t yp ho o n e y e e o n s is t e d o f

a s y m m e t r i e a lly d is t r ib u t e d m e s o 一

p s e a le r a in e o r e s
.
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麦
6 0 0
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9 0 0 奋
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W

Fig
·

9
·

V e r t i e a l e r o s s s e e t io n o f m o d e l s im u la t e d e lo u d w a t e r m ix in g r a t io ( 1 0 一 5 kg kg 一 l ) a t 1 8 0 0 U T C

3 1 Ju ly 1 9 9 6 ( 1 8 h in t e g r a t i o n ) t h r o u g h t yp h o o n e e n t e r (a ) fr o m s o u t h t o n o r t h
,

( b ) fr o m

、, e s t t o e a s t
-
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(a )

5 0

1 0 0

3 6
. 亥麦襄更万石

2 0 0

乡蕊
政 乏或瑟梦

3 0 0

4 0 0

5 0 0

6 0 0

70 0

�州上山)巴口的称出

8 0 0

9 0 0
幕窿鬓
\ (二〕

9 5 0 全

10 0 0

A △ B

( b )
00]

�吞

1 0 0

2 0 0

3 0 0

4 0 0

5 0 0

60 0

7 0 0

8 0 0

9 0 0

�.d上).�n绍。�d

9 5 0 置 唱
’

八

10 0 0

A △ B

of
.

mFi g
.

1 0
.

V e r t ie a l

kg k g 一 I )

叭
尸
a t e r

.

C r 0 S S S e C t lo n

t h r o u g h A B

m o d e l s im u la t e d

Fi g
.

sd a t 0 0 0 0

e lo u d w a t e r a n d r a i n w a t e r m ix in g r a t i o s

U T C 1 A u g u s t 1 9 9 6
.

( a ) e lo u d w a t e r : ( b )

( 1 0 一 5

T a ln
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V l
.

O R O G R A PH IC E FFEC T S OF T A IW A N IS L A N D O N T Y PH OO N H E R B

E x p e r im e n ts E X PL IO a n d E X P L IO
一

N T w e r e d e s ig n e d m a in ly fo r t e s t in g th e

o r o g r a p hie effe e ts o f T a iw a n Is la n d o n t he s t r u e t u r e o f typ ho o n a n d he a v y r a in fa ll o n

T a iw a n in d u e e d by the t y p h o o n
.

T h is s e e tio n w ill g iv e th e m a jo r r e s u lt s o f th is te s t
.

B o th E X PL IO a n d E X PL IO
一

N T r e v e a le d m a jo r eh a r a e te r is t ie s o f d y n a m ie a n d

the r m o d y n a m ie s t r u e t u r e s s im ila r t o th o s e by E X PL 3 O d is e u s s e d a b o v e in S e e t io n IV
.

T h o s e in e lu d e e y elo n ie in flo w a t lo w e r le v e ls a n d o u t flo w a t u p Pe r le v e ls n e a r t yp ho o n

e e n te r ; a sy m m e t r ie a l w in d field s tr u e t u r e n e a r th e typ h o o n e e n te r a n d he n e e th e w e s tw a r d

m o t io n o f th e typ h o o n a fte r la n d fall; s tr o n g u p w a r d flo w in the e y e 一

w all a n d d o w n w a r d

flo w in the e ye ; e t e
.

C o m p a r is o n b e tw e e n s im u la t io n s “

w ith
” a n d

“

w itho u t
” o r o g r a p h ie e ffe e t s o f T a iw a n

Is la n d s h o w s s im ila r e o n e lu s io n a s in L u o a n d C he n (1 9 9 5 )
,

the e ffe e t s o f T a iw a n Is la n d

m a d e th e ty p h o o n t r a e k d e v ia te 3 0 km a w a y n o r t h w a r d a ft e r it P a s s e d o v e r T a iw a n
,

b u t

th e r e w a s n o o b v io u s ly im p a e t o n t he s t r e n g th o f t he typ h o o n
.

W h e n t he ty p ho o n p a s s e d o v e r th e is la n d
,

T a iw a n m o u n t a in r a n g e d fr o m n o r t h t o

s o u th o n th e is la n d m a d e the e y elo n ie e ir e可
a t io n b e s ig n ifie a n t e o n flu e n t a lo n g the

m o u n t a in
’5 s id e s

,

e sP e e ia lly b elo w 8 0 0 hPa
.

T h is e a n b e s e e n fr o m e o m Pa r is o n b e tw e e n

e ir e u la tio n fie ld s fr o m E X PL IO a n d E X P L IO
一

N T
.

F ig u r e s 1 1 a
,

1 1 b a n d 1 1e sh o w

s t r e a m lin e s a t 8 5 0 hP a v a lid fo r 1 8 0 0 U T C 3 1 Ju ly
,

0 0 0 0 U T C 1 A u g u s t a n d 0 6 0 0 U T C I

A u g u s t 1 9 9 6 (in t e g r a t e d 1 8
,

2 4 a n d 3 O h ) fo r E X PL IO
,

w ith th e o r o g r a p h ie e ffe e t s o f

T a iw a n I
s
la n d

,

a n d F ig s
.

1 1d
,

1 1e a n d 1 1f fo r E X PL IO
一

N T
,

w it h o u t s u eh o ro g r a p h ie

effe e t s
.

T h e flo w b e g a n t o e o n v e r g e a t th e e e n t r a l p a r t o f th e isla n d w h e n th e t yp ho o n

e e n t e r w a s e lo s in g t o th e is la n d fr o m n o r t he a s t a t 1 8 0 0 U T C 3 1 Ju ly (Fig
.

1 1a )
.

A fte r th e

t yp h o o n e e n te r p a s s e d o v e r the is la n d a n d m o v e d to the s e a s ho r e n e a r F u iia n a t 0 0 0 0 U T C

1 A u g u s t
,

th e w in d w a s d ir e e t e d t o w a r d
s
T a iw a n M o u n t a in fr o m w e s t a n d e o n v e r g e d o n

t he r id g e o f the m o u n t a in
.

A t 0 6 0 0 U T C 1 A u g u s t
,

t yp h o o n h a d m o v e d in to th e in n e r 一

la n d

o f Fu jia n
,

s till w ith th e flo w e o n v e r g e d o v e r the r id g e o f T a iw a n M o u n ta in b u t m a in ly

fr o m the e a s t s id e
.

In Fig s
.

1 1 d
,

1 1e a n d llf fo r E X P L IO
一

N T
,

th e r e w a s n o s u eh a

e o n v e r g e n t p a t t e r n o f flo w o v e r th e isla n d
.

F ig u r e 1 2 s h o w s m o d e l s im u la te d g e o p o t e n t ia l h e ig h t
,

e lo u d w a te r a n d r a in w a t e r a t

8 5 0 hPa a t 0 0 0 0 U T C a n d 0 6 0 0 U T C 1 A u g u s t by E X P L 1 0 a n d E X PL IO
一

N T
,

r e s p e e t iv e ly
.

C o m p a r in g the m a jo r fe a t u r e s b e tw e e n “

w it h
’ a n d

“

w itho u t
’ o r o g r a p h ie

e ffe e t s o f T a iw a n Is la n d in F ig s
.

1 2a a n d 1 2 e
,

1 2 b a n d 1 2d
,

it 15 fo u n d th a t th e y a r e s im ila r

a n d d o n o t h a v e n o ta ble o r o g r a p h ie e ffe e t s o f T a iw a n Is la n d
.

Fo r e x a m p le
,

th e is o hy p s e s

a r e d e n s e a t n o r the a s t a n d lo o s e a t s o u thw e s t q u a d r a n t o f th e ty p h o o n e e n t e r
,

w h ie h a r e

w e ll a g r e e d w ith the a s ym m e t r ie e ir e u la t io n a r o u n d the ty p h o o n e e n te r m e n tio n e d b e fo r e ;

s e r ew
一
t yp e d r a in b a n d e o n sis te d o f m e s o 一

民s e a le r a in e o r e s 15 a r o u n d the ty p h o o n e e n t e r ;

a n d the typ ho o n e e n t e r 15 fille d w ith e lo u d a n d h e n e e the t yp h o o n e y e 15 n o t e le a r o n

s a t e llite p ie tu r e
.

H o w e v e r
,

the o r o g r a p h ie effe e ts a r e ele a r in th e r a in p a t t e r n o v e r the

isla n d : a n o t a b le r a in b a n d o r ie n t e d fr o m n o r th to s o u th fo r E X P I
才

1 0 in F ig s
.

12 a a n d 1 2 b

(p o in t e d by a r r o w s )
,

v e r s u s n o s u eh a b a n d fo r E X PL l o
一

N T in Fig s
.

1 2 e a n d 1 2 d
.

F ig u r e s 1 3 a n d 1 4 s h o w v e r t ie a l e r o s s s e e t io n s o f d iv e r g e n e e
,

v e r t ie a l v e lo e ity
,

elo u d
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2 5 O N 2 5ON

1 2 0
o
E
擎擎擎

1 2 0
O
E

2 5
o
N

1 2 0 o
E 1 2 0

0
E

2 5
o
N 2 5

O
N

1 2 0
O
E 1 2 0

o
E

Fig
.

1 1
.

M
o d e l s im u la te d 8 5 0 hPa st r e m lin e

.

(a ) b y E X PL 1 0 a t 1 8 0 0 U T C 3 2 J
u ly : (b ) by E X PL 1 0 a t

0 0 0 0 1 A u g u s t : (e ) by E X P L lo a t 0 6 0 0 1 A u g u s t : (d )
,

(e ) a n d (f) sa m e a s (a )
,

(b ) a n d

(e )
,

r e s P ee t iv e ly
,

b u t by E X PL 1 0
一
N T

.

W a t e r m lx in g r a t lo

1 2b
,

r e sP e e t iv e ly
.

t h e isla n d
.

W
e e a n

a n d r a in w a te r m ix in g r a t io d r a w n a lo n g A B a n d C D in Fig s
.

1 2a a n d

B o th A B a n d C D a r e p a s s in g th r o u g h t he m a x im u m r a in fa ll r e g io n o n

s e e fr o m F ig
.

1 3 th a t flo w w a s e o n v e r g e d fr o m b o th s id e s (m a in ly fr o m
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广

一
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,

/ 八八
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丫丫丫
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声声豁豁净净净净净
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军军军军澎不甲刀洲 {{}}}
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气气(b ))) )一 立兰 于 _

山山

读么
⋯
、
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iii‘‘

汗汗汗汗汗汗汗汗汗汗汗汗汗
厂厂厂 长不汀~ 么二哄哄哄

,,

只只只只只只只只只只只只只只只只只只只只只只只只只

丫丫丫

德德
荔井
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一

{{{
崛崛崛崛拼介

厂

{{{

淤淤淤淤淤}}}

日日日卿卿
色全全气j面 11 卜 阳ddd

(((d )尸尸

有蕊蒸翰翰
之

几

只
‘之二( 有一一一

///

多多多 奋启又只、入\\\\\

从从从浦浦黔黔
科科科
管管

切J ,, 皿皿

门门门 曰. , 口口~ 产
、 ---------------JJJ 一一一

1 2 1 1

Fig
.

1 2
.

M
o d e l s im u la t ed 8 5 0 hPa g e o p o te n tia l h e ig h t s (g p m )

,

fo r
) 2

.

0 义 1 0 一 ‘ k g k g 一 ’) a n d r a in w a t e r m ix in g

elo u d

r a t 1o

w a te r m ix in g r a tio (lig h t s h a d in g

(d a rk s ha d in g fo :
李 1

.

0 只 1 0 一 4

k g k g 一 ‘)
.

(a ) by E X PL lo a t 0 0 0 0 U T C 1 A u g u s t : ‘b ) b y E X PL lo a t 0 6 0 0 U T C 1 A u g u s t ;

(e ) by E X PL lo
一
N T a t 0 0 0 0 U T C 1 A u g u s t ; (d ) b y E X PL

一
N T a t 0 6 0 0 U T C 1 A u g u s t

.

w e s t s id e a t th is m o m e n t ) o f th e m o u n t a in
,

th e m a x im u m e o n v e r g e n e e o v e r th e r id g e w a s

一 8
.

7 x 1 0 一 4 5 一‘
(F ig

.

1 3 a ) ; u p w a r d a ir flo w fo r m e d by th e lift in g a t th e w e s t s id e a n d o v e r

th e r id g e
,

t he m a x im u m v e r tie a l v e lo e ity o v e r th e r id g e w a s 8 5 e m s 一 ‘ (F ig
.

1 3 b ) : a n d

h e n e e lo w
一 a n d m id

一

le v e l (u p t o 6 0 0 hP a ) elo u d d e v e lo p e d
,

a n d hig h q u a n t it y o f r a in w a te r

a p p e a r e d o v e r the m o u n t a in a n d t o u eh e d d o w n t o s u r fa e e (Fig s
.

1 3 e a n d 1 3d )
.

A s sh o w n in

F ig
.

1 4
,

th e e e n te r o f ty p h o o n h a d m o v e d in t o F u jia n Pr o v in e e a t th is tim e
,

t he o r o g r a p h y

o f T a iw a n Isla n d s till im p a e t e d flo w e o n v e r g e n e e a n d lift e d th e a ir flo w a lo n g th e s id e s o f

t he m o u n t a in
,

the m a x im u m o f e o n v e r g e n e e a n d v e r tie a l v e lo e ity o v e r t he r id g e w e r e

一 5
.

5 x 1 0 一 4 5 一 1 a n d 7 2 e m s 一 ’
,

r e s p e e t iv e ly
.

In e o n tr a s t t o tha t s ho w n in F ig
.

1 3 the

a ir flo w w a s m a in ly e o n v e r g e d a n d lift e d fr o m th e e a s t s id e o f t h e m o u n ta in in s te a d o f fr o m

the w e s t s id e
,

h e n e e th e lo w
一

le v e l elo u d w a s a ls o fo r m e d o v e r th e e a s t s id e
.

H o w e v e r h ig h

q u a n t it y o f r a in w a te r w a s s t ill fo r m e d o v e r th e r id g e a n d t o u eh e d d o w n w a r d t o s u r fa e e
.

L a te r
,

w he n th e t yp h o o n m o v e d fa r a w a y fr o m T a iw a n Is la n d
,

t he o r o g r a p hie e ffe e ts o f

the is la n d w e r e w e a k e n
.

T ill 1 2 0 0 U T C 1 A u g u s t th e o r o g r a p h ie e ffe e t s o f th e isla n d o n
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rLfL卜卜rrF‘rFL卜卜L10000000

�.d巴气

0000
�了O产

、

尹一一(d)
10 00
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一 3 0
.

4 一 1 8
.

8

(e )

羹裂鬓 圣索护膏

‘一、 石王又
\ / \

写 随彗} 丫

00000000I, ,�、J,
产

�己二�久

魏
‘性

9oo000

A B A B

F ig
.

1 3
.

V e r t i e a l

E X PL 1 0
.

e r o s s s e e t i o n a lo n g A B in F ig
.

1 2 a a t

(a ) d 主v e r

罗
n e e ( 1 0 一 5 5 一 l ) : (b ) v e r t ie a l

r a t io ( 1 0 一 5 k g k g 一 l) ; (d ) r a i n w a t e r m ix in g r a t io

0 0 0 0 U T C 1 A u g u s t 1 9 9 6 s im u la t e d b y

v e lo e it y 亿m s 一 l) : (e ) e lo u d r a i n m ix in g

( 1 0 一5 k g kg 一 1 )
.

t h e a i r flo w a n d t he r a in b a n d o v e r t he is la n d e o u ld n o t b e s e e n (fig u r e o m i t t e d )
.

D u r in g t h e p e r io d w h e n t h e t yp ho o n m o v e d n e a r a n d p a s s e d o v e r T a iw a n Is la n d w i th in

m o r e t h a n t e n h o u r s
,

h e a v y r a in fa ll w a s fo r m e d o n T a iw a n I s la n d (Fig
.

Ze ) o w in g t o t h e

lift in g o f e y e lo n i e a ir flo w b y T a iw a n M o u n t a in
.

T he v e r t i e a l e r o s s s e e t io n s a lo n g A B a n d

C D in F ig s
.

1 2e a n d 1 2 d fo r E X PL l o
一

N T w i t ho u t o r o g r a p h i e e ffe e ts o f T a iw a n Is la n d s ho w

n o s u e h e o n flu e n e e a n d lift i n g
,

a n d h e n e e t h e e lo u d a n d r a in m a x im u m o v e r t h e is la n d

(fig u r e s o m i t t e d )
.

A s a r e s u lt
,

if n o o r o g r a p hi e e ffe e t s o f T a iw a n I s la n d
,

t h e to ta l r a in fa ll

i n 3 6 h o n T a iw a n I s la n d w o u ld n o t ha v e a m a x im u m (F ig
.

Zd )
.

In e o m p a r is o n
,

t h e

m a x im u m o f 3 6 h r a in fa ll o n T a i w a n w i th t h e o r o g r a p h i e e ffe e t s o f t he is la n d (F ig
.

Ze ) w a s

e n h a n e e d m o r e t ha n s ix t im e s w i t h r e s p e e t t o t ha t w i t ho u t o r o g r a p hi e e ffe e t s (F ig
.

Zd ) :

2 6 9 m m v e r s u s 4 0 m m
.

V ll
.

S U M M A R Y

N u m e r ie a l e x p e r im e n t s o f t yp ho o n H E R B 1 9 9 6 w e r e e a r r i e d o u t fo r s t u d y in g

m e s o s e a le

P r o v in e e s
,

S t r U C t LI r e S n e a r th e t y P ho o n e e n t e r

a n d t e s t i n g t h e a b ili t y o f m o d e l

d u r in g i t s la n d fa ll a t T a iw a n a n d F u jia n

M M S t o s im u la t e a n d fo r e e a s t t r o p ie a l

e y e lo n e s
.

T h e

(1 ) T he r e

m a i n r e s u lt s a r e a s fo llo w s
.

a p p e a r e y e lo n 一e in flo w e i r e u la t io n o n lo w e r le v e ls a n d o u t flo w o n h ig h e r
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愁愁
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二二

之
炭三三

~ . ~ ~

- ~ - ~ 一

一
J 已 尸、 一一

鬓鬓;磷覃羹摹勒霆豪豪

一一

:
、

管赢氰氰
C D C D

F ig
.

1 4
.

S a m e a s Fi g
.

1 3 e x e e p t t h e v e r t ie a l e r o s s s e e t io n 15 a lo n g CD in Fi g
.

1 2 b a n d v a li d fo r 0 6 0 0

U T C 1 A u g u s t 1 9 9 6
.

le v e ls n e a r t he ty p h o o n e e n t e r
.

S t r o n g u p w a r d m o t io n fo r m e d by lo w le v e l e o n v e r g e n e e

e x is t e d in th e e y e 一

w a ll a n d s u b s id e n e e a t t h e e e n t e r o f t h e e y e
.

W in d fi e ld s h o w s e le a r

a s ym m e tr i e a l s t r u e t u r e n e a r th e ty P ho o n e e n t e r
.

T h e a n a ly s e s fr o m s y n o p t i e 一 s e a le

o b s e r v a tio n s s h o w t h a t th e t y p h o o n e e n t e r w a s r e la t iv e ly
“

w a r m
’ ,

b u t th e m o d e l

s im u la t io n s w ith hig he r s p a e e r e s o lu t io n s h o w t h a t a t m id
一

t r o p o s p h e r e t h e e y e 一

w a ll w h e r e

e x is t e d s t r o n g u p w a r d m o t io n a n d m o r e e lo u d a n d r a in w a t e r
,

w a s w a r m e r t h a n t h e e y e
.

(2 ) T h e e lo u d a n d r a in w a t e r w e r e s e r e w
一

ty Pe d o r e ir e le 一

w is e d d is t r ib u t e d in t he e y e -

w a ll
,

a n d e o n s is t e d o f m e s o 一

尽 s e a le r a in e o r e s
.

D u r in g t h e p e r io d o f t y p h o o n H E R B

a p p r o a e h in g a n d p a s s in g o v e r T a iw a n
,

t h e e lo u d d e v e lo p e d a t lo w
一

le v e ls in t he e y e r e g io n

m a d e p r e v io u s e le a r t yp ho o n e y e o n s a t e llit e p i e t u r e s fu z z y
.

(3 ) D u r in g t he p e r io d o f ty p h o o n p a s s i n g o v e r T a iw a n a n d i t s la t e r la n d fa ll a t F u jia n
,

t he t r a e k o f t y p h o o n d e v ia t e d a b o u t 3 0 k m n o r th w a r d b e e a u s e o f t h e o r o g r a p hi e e ffe e t s o f

T a iw a n Is la n d
,

b u t t he o t r e n g t h o f t h e ty p h o o n w a s n o t a ffe e t e d o b v i o u s ly
.

T h e

o r o g r a p hi e e ffe e t s o f T a iw a n Is la n d e a u s e d th e e y e lo n ie a ir flo w t o e o n v e r g e a n d lift o v e r

T a iw a n M o u n t a in
,

a n d h e n e e e n h a n e e d r a in fa ll o n T a iw a n Is la n d m o r e t h a n s ix t im e s
.

( 4 ) T he n o n 一

hy d r o s t a t i e m e s o s e a le m o d e l M M S h a s a g o o d a b ilit y t o s im u la t e a n d

fo r e e a s t t yp ho o n la n d fa ll p r o e e s s e s
.

T h e m o d e l 15 q u it e h e lp fu l fo r s t u d y in g m e s o s e a le

d y n a m i e a n d t he r m o d yn a m i e p r o e e s s e s a n d e lo u d
一 r a in P h y s i e a l s t r u e t u r e s a s s o e i a t e d w i t h

t y Ph o o n
,

a n d it m a y Pr o v id e v a lu a ble in fo r m a t io n fo r la n d fa ll fo r e e a s t o f t y Ph o o n
,
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e sP e e ia lly o n th e e a s e w he n th e t yPh o o n eye w a s n o t e le a r o n s a t e llite e lo u d Pie tu r e s
.

R EF E R E N C E S

B e n d e r
,

M
.

A
.

e t a l
.

(1 9 8 5 )
,

A n u m e r ie a l s t u d y o f th e e ffe e t s o f a m o u n t a in r a n g e o n a la n d fa llin g

t r o p ie a l ey e lo n e
M

o n
.

W
e a

.

R e v
. ,

1 1 3 : 5 6 7 一 5 8 2
.

B e n d e r
,

M
.

A
.

e t a l
.

(1 9 8 7 )
,

A n u m e r ie a l s t u d y o f th e e ffe et s o f is la n d te r r a in o n t r o p ie a l e ye lo n e s
M

口n
.

W
e a

.

R ev
. ,

1 1 5 : 1 3 0 一 1 5 5
.

Br
a n d

,

5
.

a n d Ble llo eh
,

J
.

W
.

(1 9 7 4 )
,

C h a n g e in t he e ha r a e te r is tie s o n typ h o o n e r o s sin g th e is la n d o f

T a iw a n
,

几了d n
.

W
e a

.

R e v
. ,

10 2 : 7 0 8 一 7 1 3
.

C h a n g
,

5
.

W
.

(1 9 8 2 )
,

T h e o r o g r a p h ie e ffe e ts in d u ee d b y a n isla n d m o u n t a in r a n g e o n p r o p a g a t io n t r o p iea l

e ye lo n e s
,

几人〕刀
.

W
e a

.

R e v
. ,

1 1 0 : 1 2 5 5 一 1 2 7 0
.

C he n L ia n s h o u (1 9 8 5 )
,

T h e e u r r e n t s ta g e a n d d e v e lo pm e n t o f r e se a r e h a n d o p e r a tio n a l fo r e e a s t o n m o t io n

o f t r o p iea l 。y elo n e
,

PaP
e r C o lle c tio n Of C o双f几

o n
T , Ph o o n

.

C h in a
M

e te o r
.

Pr e s s
,

p p
.

6 一 3 0 (in

.

C h in e s e )
.

C he n L ia n sh o u a n d L u o Z h e x ia n (1 9 9 6 )
,

R e la tio n s hip b e tw e e n a s ym m e t rie s tr u e t u r e a n d m o tio n o f

t yp h o o n
,

PaP
e r

Co tle
c tio n

of S e 抢n t访
c a n d OP

e
ra tio n a l E xP

e r im e n t s a n d Th
e o re t : c a l S t u dy

o n

乃沪h oo
n

,

Pa r t Z
,

C h in a
M

e te o r
.

Pr e s s
,

p p
.

3 7 1 一 3 7 4 (in C h in e s e )
.

G r e ll
.

G
.

A
, .

D u d hia
,

J
.

a n d S ta u ffe r
,

D
.

R
.

(1 9 9 4 )
,

A d e s e r ip t io n o f th e fift h
一
g e n e r a t io n P e n n S t a te /

N C A R m e s o s ea le m o d e l (MM S)
,

N CA R T e e h n ie a lN o te N C A R / T N 一 3 9 8 + S T R
,

PP
.

1 3 8
.

H a m u r o
.

M
.

e t a l
.

(1 9 6 9 )
,

Pr e eiPita tio n ba n d s o f tyPh o o n V e r a in 1 9 5 9 (Pa r t l) J
.

材
‘te o r

.

S o c
.

了“户a n
,

4 7 2 9 8 一 3 0 8
.

H a w k in s
,

H
.

F
.

a n d Im be m b o 5
.

M
.

(1 9 7 6 ) T h e s t r u e t u r e o f a s m a ll in t e n s e h u r r iea n e 一 In e z 1 9 6 6
,

材乙
n

.

W
e a

.

R e v
. ,

1 04 : 4 1 8 一 4 4 2
.

L iu H u a n zh u e t a l
.

(1 9 9 8 )
,

R e s e a r e he s o n the in flu e n e e o f P a r a m ete riz a tio n o f p hy s ie a l p r o ee s s o n

m o d e lin g typ h o o n a n d it s d yn a m ie a l s t r u e t u r e
,

Q
.

J
.

月户户1
.

材
￡te o r

. ,

9 : 1 4 1 一 1 5 0 (in C h in e se )
.

L u o Z h e x ia n a n d C h e n L ia n s ho u (1 9 9 5 )
,

Effe
e ts o f the o r o g r a ph y o f T a iw a n Is la n d o n ty p h o o n rr a e k s

,

S c i
.

A tm o s
.

S in ic a
,

1 9 : 7 0 1 一 7 0 6 (in C h in e se )
.

L u o Z h e x ia n e t a l
.

(1 9 9 6 )
,

N u m e r ie a l e x p e rim e n t s o n th e m o v e m e n t o f th e typ h o o n Y a n ey d u r in g th e

S PE C T R U M
,

A c ta M
e te o r

.

S in ic a
,

5 4 : 1 6 6一 1 7 4 (in C h in e s e )
.

M
e n Z h iyo n g e t a l

.

(1 9 9 6 )
,

A n u m e r ie a l s t u dy o f t he fo rm a t io n a n d d e v e lo p m e n t o f is la n d
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