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W A V E 一FL O W IN T E R A C T IO N S IN T H E A T M O SP H E R IC

L O W
一

F R E Q U E N C Y V A R IA T IO N O F

B L O C K IN G P A T T E R N
’

G A O S h口u ti n g (高守亭 )
,

S t a t e K e y L a b o r a t o r y o f A tm o sp h e rie B o u n d a r y L a y er a n d A t m o sp h e rie C h e m is t r y
,

In s tit u t e o f A t m o s p h e r ie P h ys ie s
,

C h in e s e A ea d e m y o f S e ie n e es
,

B e iji
n g 1 0 0 0 2 9

Z H U W 己n m 改 (朱文妹 )

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 Se ie n e e s

,

B eiiin g 1 0 0 0 8 1

a n d 丈X〕N G M in (董 敏 )

N a tio n a l C lim a t e C e n t e r
,

B e iii
n g 1 0 0 0 8 1

R e e e一v e d A P r ll g
,

1 9 9 8 : r e v 一s e d Ju n e 2 8
,

2 0 0 0

A B S T R A C T

T h r o u g h a s im p le r ev ie w o f lo w
一

fr e q u e n e y v a r ia t io n o f b lo e k in g p a t t e r n a n d d ia g n o s e s o f

o bs e r v a tio n a l d a ta a n d eo m bin in g so m e e x p e rie n e e in fo r e e a s t p r a e tie e
,

w e p u t fo r w a r d s o m e

th o u g h t a b o u t th e m e e h a n is m o f fo r m a tio n a n d rn a in t e n a n ee o f th e b lo e kin g flo w p a t t e r n fr o m th e

s yn o p tie /
e lim a t o lo g iea l p o in t o f v ie w

.

It 15 e m p ha s iz e d th a t e a s t w a r d mo
v in g a n d d e e p e n in g o f

t r o u g hs in the u p s t r e a m o f th e b lo e k in g h ig h
,

t he S S T a n o m a lie s a n d t o p o g r a p hy effe e t a r e th e

m a in fa e to r s o f im p e llin g th e v a r ia tio n o f th e blo e kin g h ig h
.

D u r in g th e m a in te n a n e e o f U r a l

b lo ek in g h ig h w a v e 一
flo w in t e r a e t io n s a r e s t u d ie d th r o u g h d is p o s it io n o f b a r o e lin ie t r o u g h (t r a n s ie n t

w a v e ) a n d the b lo e k i n g fl o w
.

T h is s tu dy w lll o ffe r a p r lm a ry b a s ls fo r th e fu r th e r t he o r e tiea l s t u d y

o n th e fo r m a tio n m e e ha n is m o f the b lo e k in g h ig h
.

K ey w o r d s :
lo w

一
fr e q u e n ey v a r ia t io n

,

b lo e k in g h ig h
,

w a v e 一

flo w in t o r a e tio n

1
.

A S IM PL E R E V IE W O F L O W
一
F R E Q U E N C Y V A R IA T IO N O F B LO C K IN G PA T T E R N

T o s t u d y t he lo w
一

f
r e q u e n e y v a r ia t io n

,

t he fi
r s t s te p 15 t o d e fin

e
w ha t 15 t he lo w

-

fr e q u e n e y v a r ia tio n
.

T he 5 0 一 e a
ll

e d lo w
一

f
r e q u e n e y v a r ia tio n o e e u r r in g in th e N o r t h e r n

H e m isPhe r le a t m o sPh e r e 15 r e fe r r e d to a n y e v e n t s w ith t he P e r io d s lo n g e r tha n tw o w e e k s

(in e lu d in g 3 0 一 6 0 d a y lo w
一

f
r e q u e n e y o s e illa t io n )

.

F ig u r e 1 15 t he e lim a tie g e o p o t e n tia l he ig h t d is t r ib u t io n o n 5 0 0 hP a fo r Ja n u a r y

Plo t te d fr o m N C E P (N a t io n a l C e n te r fo r E n v ir o n m e n ta l P r e d ie tio n ) r e a n a ly s is d a t a o f

1 9 8 2 一 1 9 9 4
.

It s
ho w s a ty p ie a l t h

r e e 一

w a v e p a t t e r n
.

If it 15 r e g a r d e d
a s t he m u lt i

一
y e a r

e lirn a to lo g ie a l n o r m a l (o f e o u r s e
.

t im e s e r ie s o f d a ta 15 n o t lo n g e n o u g h )
,

w e e a n s a y in

T h is w o r k w a s s P o n so r e d b y t he N a rio n al N a t u r a l S e ie n e e F o u n d a tio n o f C h in a u n d e r G r a n t

N o
.

4 9 6 7 5 2 5 7
.
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F ig
.

1
.

T he m e a n g e o p o te n t ia l h e ig h t d is t r ib u t io n o n 5 0 0 hPa fo r
J

a n u a r y (is o p o t e n tia l in te rv a l : 4 0

g Pm )
.

Ja n u a r y lo w
一

fr e q u e n e y e v e n ts o f th e N o r th e r n H e m is p h e r e 15 thr e e 一

w a v e p a t t e r n a r o u n d

N o r th P o le
.

If th e r e e x is t s a flo w p a t t e r n d e v ia t e d fr o m the t hr e e 一

w a v e Pa t t e r n th e n lo w
-

fr e q u e n e y v a r ia t io n o f blo e kin g p a t t e r n o e e u r s
.

F ig u r e 2 s h o w s a e o m p o s it e blo e kin g

p a t t e r n in t h e E a s t Pa e ifie (T s e h u e k 1 9 94 )
.

It e a n b e s e e n tha t th e v e r y s t r o n g blo ek in g

h ig h lo e a t e s in th e E a s t P a e ifie a n d w e s t e o a s t o f N o r th A m e r ie a
.

C o m p a r e d w ith F ig
.

1
,

th e flo w p a t t e r n o f th e b lo ek in 且 h ig h d e p a r t s fa r fr o m it s a v e r a g e p o s itio n
·

T h e r e fo r e
,

th is

k in d o f p h e n o m e n o n in d e e d b e lo n g s t o lo w
一

fr e q u e n e y v a r ia t io n o f b lo ek in g p a t t e r n
,

W h a t a r e fa e to r s e a u s in g s u e h p e r s is te n t a n o m a ly ? T h is 15 t h e s e e o n d q u e s t io n t o b e

a n sw e r e d
.

T h e m e t h o d o f a ri sw e r in g t h is q u e s t io n in t r a d it io n a l w a y 15 t o a n a ly z e z o n a l

flo w s ta bilit y th r o u g h sm a ll p e r tu r b a tio n
‘

It 15 u s u a lly r e fe r r e d t o C ha r n e y o r E a d y
’s

b a r o e lin ie in s t a b ility (1 9 4 7 ; 1 9 4 9 )
.

T h ir t y y e a r s la t e r
,

C h a r n e y w a s e n lig h t e n e d fr o m t he

m o d ifie d th e o r y o f n o n lin e a r r e s o n a n e e d e v e lo p e d b y E g g e r (1 9 7 8 )
,

the n he e h a n g e d h is

id e a a n d e la im e d th a t it 15 u n r e a s o n a b le to r e g a r d t h e p e r s is t e n t r id g e in F ig
.

2 a s a

p e r t u r b a tio n fr o m the z o n a l m e a n flo w
.

In s t e a d he in v e s tig a t e d a s im p le d y n a m ie m o d e l一

e q u iv a le n t
一

b a r o tr o p ie a l p o t e n tia l v o r t ie ity e o n s e r v a t io n m o d e l in r e e t a n g le g e o m e t r y
.

B y

u s in g a v e r y s im Ple lo w
一 o r d e r t r u n e a t io n m e th o d

,

C h a r n e y a n d D e v o r e (1 9 7 9 ) g o t th e

m u lt i
一 e q u ilib r iu m s o lu t io n (Fig

.

3 )
.

F ig u r e 3 s h o w s th a t the r e a r e o n e o r th r e e s o lu t io n s (u 。) a e e o r d in g t o w a v e le n g ths

(L 2
.

W he n L 镇 2 x lo 6
m

,

o n ly o n e s o lu t io n e x is t s
.

W ith L in e r e a sin g
,

th r e e e q u ilib r iu m

s o lu t io n s a p p e a r
.

T h e h ig h u 。
lin k s w ith t h e z o n a l e ir e u la t io n p a t te r n

,

w h ile the lo w u 。
,

w ith m e r id io n a l e ir e u la t io n Pa t t e r n
.
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1 4

Fig
.

2
.

C o m p o sit e b lo e k in g flo w p a t t e r n in th e Pa eifie (T s e h u e k 1 9 9 4 )
.

1 O

8

6

4

2

0

2 3 4

L (1 0 6 m )

5 6

F ig
.

3
,

E q u ilib r iu m s o lu tio n s
S S a fu n e tio n

(u n it : m s 一 1 ) (C h a r n e y a n d D e v o r e

o f w a v e le n g th (L ) a n d s t a b le b a la n ee v e lo e it y e o m p o n e n r

1 9 7 9 )
.



N 0
.

4 W A V E
一

F L O W IN T E R A CT IO N S IN L F V A R IA T IO N OF B LO C K IN G

O
,

5 0

0
.

2 5 ‘口口. .

一 一
Pe T s ls t e n Ce

~
‘、

. . 如~ 、、

·

Pf e 一 o n s e t

000.

(的/uJ)
o、,帕

一 0
.

2 5

\
\

一 0
.

5 0

d e e a y

2 0 3 0 4 O 5 0 6 0 7 0
o

N

F 19
.

4
.

T he d

b lo e k i

e P a r t u r e rn e a n w in d fr o m it s e lim a t o lo g ie a l n o rm a l d u r in g th e th r e e s t a g e s o f

n g (M
e t z

o f z o n a l

1 9 8 5 )
.

C D V (C ha r n e y a n d D e v o r e 1 9 7 9 ) m o d e l 15 n o t r e a lis t ie
.

It e x a g g e r a t e s th e e ffe e t o f

to p o g r a p h ie t o r q u e
f
r o m t h

e v ie w o f d y n a m ie s a n d it e x elu d e s t h e s t a bilit y o f m o t io n a n d

Ph y s ie a l p r o e e s s e s a n d e n e r g y e o n v e r s io n
.

M e t z (1 9 8 5 ) d r e w th e e o n e lu s io n a s F ig
.

4 fr o m a s e r ie s o f d e t a ile d d a t a a n a ly s is
.

It 15

sho w n th a t th e d e p a r t u r e o f the z o n a l rn e a n w in d fr o m e lim a to lo g ie a l n o r m a l d u r in g th e

th r e e s ta g e s o f b lo e k in g (p r e 一 o n s e t p e r s is t e n e e a n d d e e a y ) 15 5 0 s
m a ll th a t the e q u ilib r iu m

s o lu t io n o f C D V m o d
e
l d o e s n o t e x is t in t h e r e a l s it u a t io n

.

H e n e e C D V m o d e l e a n ,
t b e

u s e d a s t he b a s ie m o d e l o f d yn a m ie s o f la r g e 一 s e a le e ir e u la tio n p a t t e r n
.

C D V m o d e l e a n b e

o n ly u s e d a s t h e p u r p o s e o f e x p la n a tio n n o t t o e o n d u e e to s e t t in g u p a la r g e 一 s e a le

e ir e u la tio n p a t te r n a n d r e la t io n sh ip a m o n g m u lt i
一 e q u ilib r ia

.

T o s tu d y th e tr a n s la t io n b e tw e e n th e z o n a l a n d blo e k in g e q u ilib r ia
,

it 15 n e e e s s a r y t o

a d d s o rn e p e r t u r b a t io n s to t h e e q u ilib
r iu m

s o lu t io n
.

It e a n b e d o n e b y in e r e a s in g

d im e n s io n s o f m o d e l o r t o eh o o s e a n o th e r s im p le w a y t h a t t o a d d 、 to eh a s t ie n o is e t o C D V

m o d e l
.

E g g e r (1 9 8 1 ) u s e d the s e e o n d m e th o d a t fir s t
,

a n d t h e n B e n z e t a l
.

(1 9 8 4 )

p r o p o s e d t he s ta tio n a r y w a v e r e s o n a n e e th e o r y to e x p la in the fo r m a t io n o f b lo e k in g
.

H o w e v e r
,

a ll th e a b o v e e x p la n a tio n s a r e n o t s u e e e s s fu l
.

Sh u t ts (1 9 8 3 ) r e v ie w e d a ll k in d
s o f t h e o r i

e s o n t h e fo r m a t io n a n d m a in t e n a n e e o f

b lo e k in g in h is P h
.

D d is s e r ta t io n “

E d d y V o r tie it y F o r e in g o f
‘

B lo e k in g
’

F lo w F ie ld s
” .

H e

s ho w e d m o r e a Pp r e e la t io n t o A u s t ln (1 9 8 0 )
’5 P r o P o s it一o n t h a t 15

,

t r a n s le n t e d d ie s Pla y a n

im p o r ta n t r o le in th e m a in t e n a n e e o f blo ek in g o v e r e o m in g s u r fa e e fr ie t io n
.

T he k ey p o in t

o f h is d is
s e r t a t io n 15 w he n t r a n s ie n t e d d ie s e n t e r the blo ek in g z o n e

,

e d d ie s w ill b e

e o m P r e s s e d in th e e a s t
一

w e s t d ir e e t io n a n d e x t e n d e d in t h
e s o u t h

一 n o r th d ir e e t io n
.

T h u s t h e

lo e a
l

e n s t r o p h y e a s e a d e in t r u d e s t h e blo e kin g flo w 5 0 a s t o o v e r e o m e fr ie t io n (F ig
.

5 )
.

C h zn e s e m e t e o r o lo g ls t L i (1 9 9 1 : 1 9 9 3 ) w r o t e a b o o k n a m e d
“

L o w
一

Fr e q u e n e y

O s e主lla t io n in t he A t m o s p he r e
” ,

in w h ieh h e p r o p o s e d t h a t 3 0 一 6 0 d a y o s e illa tio n e x is t s

e v id e n tly in th e fo r m o f E A P (E u r a s ia n Pa t t e r n ) a n d PN A (Pa e ifie
一

N o r th A m e r ie a n

Pa t t e r n ) t e le e o n n e e t io n a n d w a v e t r a in p r o p a g a t io n in m id
一

Ia t it u d e s
.

In h is b o o k e n tit le d
‘’

A n In tr o d u e t io n t o D y n a m ie a l C lim a t e
”

L i r e v ie w e d s e v e r a
l fo r m a t io n m e e

h a n is m s o f

b lo e k ln g
,

s u e h a s m u lti
一 e q u ilib r ia n o n l一n e a r r e s o n a n e e

,

s o lit o n a n d d iP o le t h e o r y
.

L u a n d
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1 4

Fig
.

5
.

T h e in r e r a e tio n b e tw e e n t r a n s ie n t w a v e a n d b lo ek in g flo w (S h u t t s 1 9 8 3 )
.

H u a n g (1 9 9 6 ) in v e s t ig a te d rn o r e a b o u t th e b lo e k in g in the v ie w o f w a v e 一

flo w in t e ra e t io n
.

a n d g o t m a n y s ig n ifie a n t r e s u lt s
.

In t hi
s p a p e r th e d iffe r e n t p o in t s

f
r o m a b o v e s t u d ie s

lie in e rn p h a s iz in g t h
e

o b s e r v a t io n a l fa e ts a n d t he ir d ia g n o s e s
,

m a te h
一 ship o f w a v e s a n d blo e k in g f

r o m v ie w p o in t

o f
s y n o p t ie m e te o r o lo g y a n d r o l

e s o f w a v e s in t h
e

m a in t e n a n e e a n d e o ll
a p s e o f b lo

e
kin g

,

a n d p r o v id in g s o m e d ir e e t e lu e s t o t h e blo e kin g p r e d ie t io n
.

11
.

S OM E PR E L IM IN A R Y V IE W O F T H E B L O C K IN G F O R M A T IO N IN T H E L O W FR E Q U E N C Y

A N O M A L IE S

T he blo
e
k in g 15 o n e o f t h e m a in p h e n o m e n a in th e lo w fr e q u e n e y a n o m

a
li

e s
.

In t he

A t l
a n t ie p e r s is te n t a b n o r

m a l blo e kin g s o e e u r r e d in la t e Ja n u a r y 一 M a r eh o f 1 9 4 6
.

la t e

D e e e m b e r 一M a r e h o f 1 9 6 2
,

a n d in t he p e r io d o f D e e e
m b

e r 1 9 7 6 一F e b r u a r y 1 9 7 7 Fig u r e 6

s h o w s t he a v e r a g e d 5 0 0 hPa Ja n u a r y w in d fie ld p lo t t e d fr o m 1 9 8 2 一 1 9 9 4 N C E P d a ta
.

It 15

e le a r t ha t t he r e 15 a n aPPa r e n t w a v e 一

lik e fe a t u r e in m e a n flo w in t he N o r t h e r n H e m is p he r e

e o m p a r e d w ith s m o o t h m e a n flo w in the S o u th e r n H e m is p h
e r e

.

T his in d ie a te s t h a t t he

m e a n flo w it s e lf p r e s e n t s s o m e w a v e 一

lik e fe a t u r e d u e to th e e
ff

e e t o f la n d
一s e a e o n t r a s t

.

H e n e e
,

s u e h la r g e 一 s e a le lo w
一

fr e q u e n e y a n o rn
a
ly

s h o u ld b e a tt r l
b u t e d t o t he a n o m

a lie s o f

t h e b
a s ie flo w

.

F r o m t his p o ln t o f v ie w
,

t h
e

blo e k in g hig h e a n b e n a m e d a s b lo e kin g flo w
,

O n e o f t he q u e s tz o n s 15 w ha t e a u s e s 5 0 m u e h e h a n g e o f t h e m e a n flo w t ha t s t r o n g a n d

P e r s is te n t b lo ek in g hig h s a PPe a r ? A n o t he r 15 w h y s u e h blo ek in g hig hs a PPe a r fre q u e n t ly in

s o m
e p a r tie u la r r e g io n s

,

s u eh a s t he E a s t P a e ifi
e
一 t h e w e s t o f t h e N o r t h A m e r ie a

,

U r a l

M o u n t a in s in t h e E u r a s ia n C o n tin e n t a n d th
e

A tla n t ie O e e a n ? If w e e o n s id e r it o n ly fr o m

the v ie w p o in t o f w a v e 一

flo w in te r a e t io n s it 15 d iffie u lt t o e x p la in th e fo r
m a t io n o f

s u e h

s tr o n g a n d p e r s is te n t blo e kin g
.

W e a d m
z t t ha t t r a n s p o r t a tio n o f w a v e m o m

e n t u m flu x a n d

w a v e h e a t flu x p la y s a n im p o r ta n t r o le in m e a n flo w v a r ia tio n
,

b u t t he ir r o le s a p p e a r

m a in ly in t he m a 一n t e n a n e e o f t he b lo ek in g (d e ta ils in t h e n e x t s e e t io n )
.

In fa e t
,

5 0 fa r t he
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F ig
.

6
.

T h e Ja n u a ry a v e r a g e d w in d fie ld o n 5 0 0 hPa

a n o m a ly o f m e a n flo w 15 a n u n s o lv e d p r o blem a n d it 15 o n e o f d iffie u lt Po in t s o f r e s e a r e h

s u bje e rs
.

If t h e m u lt i
一e q u ilib r iu m fr a m e w o r k 15 a e e e p t e d

,

it 15 d iffie u lt t o e x Pla in w h y

t he r e a r e m u lt i
一 eq u ilib r ia in t h e a t m o s p he r e

.

U n t il n o w
,

th e b a r o tr o p ie o r r e v is e d

e q u iv a le n t b a r o t r o p ie v o r t ie it y e q u a t io n s
.

e v e n b a r o e lin ie m o d el
,

e a n o n ly o b t a in o n e to

t h r e e r e a l s o lu tio n s
.

H o w e v e r
.

th e r e a l a t m o s p h e r e m a y sh o w m o r e t ha n th r e e e q u ilib r iu m

s t a t e s
.

F ig u r e 7 15 t h e e x a m p le s o f 4 e q u ilib r iu m s ta t e s in th e n o r the r n a t m o sp h e r e ‘D o le

1 9 8 2 )
.

T he r e 15 n o id e a t o u s e thr e e e q u ilib r iu m s ta t e s t o e x Pla in th e fo u r o r m o r e s t a t e

r e g lm e s
·

W he n D o le d id th is jo b m u lt i
一eq u ilib r iu m s t a t e s a n d b lo e k in g p r o b le m s h a v e b e e n t h e

e o n t r o v e r s y fo e u s a m o n g m e t e o r o lo g is t s
.

T h e r e fo r e
,

h e t r ie s t o a v o id u s in g the s e w o r d s

a n d o n ly r e fe r r e d th e m t o p o sit i亏e o r n e g a tiv e a n o m a lie s
.

H e d e fin e d t he 3 0
一

y e a r a v e r a g e d

fl。 w p a t t e r n 。、 : h e 。zim a t o lo g l
e a l n o r m a l

,

a n d a n a n 。m a ly a , th。 d e p a r t u r 。 fr o m : h e

e l一m a t o lo g ie a l n o r m a l
.

F r o m t h e fig u r e s p r o v id e d b y D o le
,

it e a n b e s e e n th a t the m u lt i
-

e q u ilib r iu m s t a t e s in t he a t m o s p h e r e d o e x is t
,

a n d o f w hie h w e a r e h a r d u n d e r s t a n d in g
.

3 0 一 6 0 d a y lo w
一

fr e q u e n ey o s e illa t io n (L FO ) w a s fo u n d fir s t in th e t r o p ie s (M a d d e n

a n d Ju lia n 19 7 1 )
.

L a t e r
,

Pe o p le a ls o fo u n d tha t L FO s e x is t in th e m id
一

la t it u d e s (L i

1 9 9 1 ) a n d t h e y a r e p a r t ie u la r ly s t r o n g in the N o r th e r n H e m is p h e r e in w in t e r
.

T h e r e fo r e
,

p e o p le in fe r th a t s u eh o s e illa t io n s o r s tr o n g a n o m a lie s a r e e a u s e d by in t e r a e t io n s b e tw e e n

t h e w e s t e r ly a n d t h e to p o g r a p h y in th e m id d le a n d h ig h la t it u d e s
.

H o w e v e r
,

t h e b lo e k in g

h ig h in t h e Pa e ifie s e e m s r o b e n o r e la t io n sh ip w ith the to p o g r a p h y
,

th e s e p u zz le s a r e s t ill

d iffie u lt t o u n d e r s t a n d
.

O u r P r e lim in a r y s ta n d p o in t 15 t ha t
,

be e a u s e blo e kin g 15 t h e a n o m a ly to the b a s ie

flo w
,

its s u it a b le n a m e s h o u ld b e b lo ek in g flo w
,

iu s t like t h e v ie w p o in t o f S h u t t s (1 9 8 3 )

e t a l
. .

rh e r e fo r e
,

it s ho u ld b e lo n g a p a r t o f flo w r a the r th a n w a v e
.

M u e h e v id e n e e

s u p p o r ts t h is s t a n d p o in t
.

T h e th e s is o f L e je n a s a n d M a d d e n (1 9 9 2 ) e n t it le d
“

T r a v e llin g

Pla n e t a r y
一

S e a le W
a v e s a n d B lo e k in g

’

15 t h e m o s t e o n v in e in g o n e
.

T h e y m e t ie u lo u s ly
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1 4

F 19
.

7
.

T h e p e r sis re n t a n o m a ly r eg im e s

a n o m a lie s in th e A tla n tie : w h ile

in te r v a l 15 1 0 g Pm
.

P A in d ie a t e s

o n 5 0 0

(e ) a n d

PO s l t , V e

hP a
.

〔d )

(a ) a n d

a r e

a n o m a ly

fo r th e

a n d N A

(b ) a r e th e p o s it iv e a n d n e g a tiv e

P a e ifie (D o le 1 9 8 2 )
.

T h e e o n t o u r

n e g a tiv e a n o m a ly
.

1 5 D ec
.

2 0 1天e
.

2 5 1叉e
.

3 O T天咒
.

5 Ja n
.

0 po
o

E 1 8 0 9 0
o

w 0

F ig
.

8
.

T h e e x a m p le o f w e s t w a r d p r o Pa g a tio n w a v e 一
1 m e e tin g w ith th e b lo e k in g flo w a t 6 0

o
N (L e

j
e n a s

a n d M
a d d e n 1 9 9 2 ) (T he P e r io d 15 1 5 D e e

.

1 9 5 4 t o 8 Ja n
.

1 9 5 5
.

T he e ir e u m fe r e n tia l lin e

r e p r e s e n rs t he blo e k in g r a n g e a r 6 O
O

N in d iffe r e n t t im e )
.
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a n a ly z e d th e r ela t io n o f w e s tw a r d w a v e 一

1 a n d w a v e 一

2 w it h the b lo e k in g
.

a n d in d ie a t e d

w a v e 一

2 e o n t r ib u t e s m o r e t o th e b lo ek in g flo w th a n t h e w a v e 一

2
.

T h e y a ls o sh o w e d the

e x a m p le o f W e s tw a r d p r o p a g a t io n w a v e 一 1 m e e t in g w it h t he blo ek in g flo w (Fig
.

8 )
.

M e a n w h ile w e th in k tha t the r e a r e t h r e e m a in fa e t o r s e o n t r ib u t in g t o t h e fo r m a t io n o f the

blo e k in g flo w
.

T h e fir s t fa e t 15 tha t t he t r o u g h in t he u p s t r e a m o f b lo e k in g flo w m o v e s e a s tw a r d a n d

d e e p e n s
,

T h is p h e n o m e n o n a p p e a r s ele a r ly in t he fo r m a t io n o f b lo e k in g in t he tw o o e e a n s
.

Fr o m F ig
.

1
.

it e a n b e s e e rl th a t the a v e r a g e d p o s it io n o f E a s t A s ia n t r o u g h lo e a r e s t o the

w e s t o f 1 6 0
0

E
.

B u t fr o m F ig
.

2 w e e a n s e e th a t t he E a s t A s ia n tr o u g h e x p a n d s e a s tw a r d t o

1 S O
o

E a n d d e e p e n s
,

a s a r e s u lt
,

th e w a r m a d v e e t io n a h e a d o f t he t r o u g h b e e a m e s t r o n g e r

a n d p u s he d n o r th w a r d t o im p e l t h e fo r m a t io n o f th e w a r m blo e k in g in the E a s t Pa e ifie
.

In

t h e s im ila r w a y
,

th e d e e p e n in g o f th e N o r th A m e r ie a n t r o u g h a e e e le r a t e s t he b lo e k in g

fo r m a t io n in t h e A t la n t ie
.

w h ie h e a n be s e e n fr o m t h e e o m p a r is o n be tw e e n F ig
.

1 a n d

F ig
.

9
.

T h e a b o v e fa e t s t e ll u s th a t d e e p e n in g a n d e a s tw a r d e x p a n d in g o f t he E a s t A s ia n

t r o u g h a n d th e d e e p e n in g o f t he N o r th A m e r ie a n t r o u g h p la y a n im p o r ta n t r o le in the

fo r m a t io n o f b lo e k in g in th e tw o o e e a n s
.

T h e s e e o n d 15 t h e a ir
一 s e a in t e r a e t io n s

.

Jia n g a n d W
a lla e e (1 9 9 1 ) e a le u la t e d t he

5 im u lt a n e o u s e o r r e la t io n b e tw e e n th e 1 1
一
y e a r m o n t hly a v e r a g e d 5 0 0 hP a h e ig h t fr o m

N o v e m b e r t o A P r il o f n e x t y e a r a n d t h e SS T n e a r t h e N e w fo u n d la n d (T A N ) in t he

A t la n t ie a n d t h e S ST n e a r t h e B e r m u d a (T A S ) (d a t a r a n g in g fr o m 1 9 5 0 t o 1 9 7 9 )
.

T he

Fig
.

9
.

C o m p o s it e b lo e k in g flo w p a rre r n o v e r rh e A tla n rie (T s e h u e k 1 9 9 4 )
.
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1 4

F ig
.

1 0
.

S im u lt a n e o u s e o r r e la tio n d is t r ib u tio n o f 5 0 0 h Pa h e ig h t

h a lf ye a r (N o v e m b e r t o A p r il) o f 2 9 5 0 一 1 9 7 9 (Jia n g

T A S
.

a n d s ea s u rfa e e re m P e r a t u r e in w in t e r

a n d W
a lla e e 1 9 9 1 )

.

(a ) T A N : (b )

F ig
.

1 1
.

3 0 一 6 0 d a y

d a s h e d lin e

lo w fr eq u e n e y te le eo n n e e tio n p a t te r n s
O n 5 0 0 hPa h e ig h t

.

T h e s o lid lin e

d e n o t e th e P o s itiv e a n d n e g a t iv e e o r r e la tio n s
.

th e e o n t o u r in t e r v a l 15

1 9 9 3 )
.

0
.

2
.

a n d

T h e

r e fe r e n e e p o in t 15 4 5
O

N
,

1 1 5
o

E (L i
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F ig
.

1 2
.

T he e o m p o s it e PN A p a t t e r n (W
a lla e e a n d G u lt z le r 1 9 8 1 )

.

(a ) (b)

I 、

产 、 、

厂
‘

l 、

护 、 执 、

飞

z ,

O
沪00
1台0

勺J,0�‘,111

,

‘
l

、‘

盯曰少
0哎。050
�匀0勺J几‘,�IJ

,.

�次�
.

一)。�卜警
l名�o团

6 0 o

w 6 0
OE 1 2 0

.

E 1 8 0 1 2 0
O

W 6 0
o

w 6 0
.

E 1 2 0
oE 18 0 1 2 0

O

W

F 19
·

1 3
.

( a ) T h e b lo e k i n g r e s p o n s e o v e r o c e a n ( d a s h e d lin e ) t o th e fix e d S S T ( r e a l lin e )

e q u a t o r ia l E a s t Pa e ifi e (Be n g t s s o n 1 9 9 6 )
.

(b ) T h e b lo e k i n g r e s p o n s e o v e r o e e a n

u a t o r ia l E a s t Pa e ifie
.

i n th e

(d a sh e d

1in e ) t o t h e o b s e r v e d S S T (r e a l li n e ) in t he e q

r e s u lt 15 s h o w n in F ig
.

1 0
.

Fr o m t h e e o r r e la tio n m a p s it e a n b e s e e n t h e r e 15 e v id e n t Po s it iv e e o r r e la t io n b e t w e e n

t h e A t la n t i e S S T a n d t he 5 0 0 hP a h e ig h t
.

T h u s t h e p o s i t iv e t e m p e r a t u r e a n o m a li e s in t h e

m id
一

la t i t u d e s a n d h ig h la t i t u d e s in t h e A t la n t i e fa e ili t a t e t h e fo r m a t io n o f t h e b lo e k in g in

th o s e r e g io n s
.

I n fa e t
,

t h e t im e s e a le s o f t he r e s p o n s e o f a t m o s p he r e t o o e e a n i e h e a t in g

r a n g e fr o m s e v e r a l d a y s t o w e e k s
.

F r o m t h e v i e w p o in t o f e lim a t o lo g y
,

t h e a t m o s p h e r i e

r e sP o n s e t o t h e s e a t e m p e r a t u r e v a r ia t io n 15 e o n s id e r e d a s s im u lt a n e i t y
.

T h e lo w
一
fr e q u e n e y a n o m a li e s in t h e Pa e ifi e a r e r e la t e d t o th e S S T A in t h e e q u a t o r ia l

P a e ifie
.

A e e o r d in g t o L i ( 1 9 9 3 )
,

t he a tm o s p h e r i e t e le
一 r e s p o n s e to t h e S S T A i n t he

e q u a t o r ia l P a e ifi e 15 m a in ly 3 0 一 6 0 d a y lo w
一
fr e q u e n e y t e le

一 r e s p o n s e
,

a n d i n t h e m id a n d

hig h la t i t u d e s 3 0 一 6 0 d a y o s e illa t io n s in t h e a t m o sPh e r e a r e e x e it e d w hi e h s ho w tw o
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1 4

s t a ble

PN A

b a s ie t e le e o n n e e t io n s
.

O n e 15
E A P P a t t e r n (E u r A s ia

一

P a e ifie

Pa t t e r n (P a e ifie
一

N o r th A m e r ie a n p a t t e r n )
P a t t e r n )

,

t h e o th e r 15

F ig u r e 1 1 s h o w s th e r e m o t e lin ka g e o f P N A

P a e ifie
.

T h is 15

(F 19
.

1 1 )
.

P a t t e r n w ith th e S S T A in

the t yp ie a l lo w
一

fr e q u e n e y a n o m a lie s

a r e e o 川p o s ite d
.

A b o u t th is
,

t h r o u g h e o m p a r is o n

in F ig
.

2 w he n t yp ie a l

th e e q u a t o r ia l

PN A P a tt e r n s

·

b o t h flo w Pa tt e r n s a r e t h e s a m e
.

o f Fig
.

1 2 w ith F ig
,

l
,

丫V e e a n s e e tha t
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T he b lo e k in g in th e E a s t P a e ifie e a n b e s e e n a s t h e ty p ie a l PN A Pa tt e r n
.

M a n y o f

r e s e a r e h
e s in d ie a te s u e h a fa e t t ha t t h e a tm o s p h e r ie r e s p o n s e to t h e he a t in g in t he

e q u a t o r ia l P
a e ifie e a n r e p r o d u e e t he P N A t e

le e o n n e c tio n (W
e b

s te r 19 8 1 )
.

M
e a n w h ile

,

t he

p e r io d fr o m De
e e m b e r t o Fe b r u a r y 15 th e b e s t e o u p lin g t irn e o f a ir

一 s e a in t e r a e t io n
.

T h u s

the blo ek in g a n o m a lie s in th e E a s t Pa e ifie a r e e lo s ely r ela te d w it h th e a ir
一s e a in te r a e tio n

.

w hie h w ill b e p r o v e d in Fig
.

1 3
.

T he th ir d 15 th e e o n t r ib u t io n o f w e s tw a r d P r o p a g a t io n w a v e 一 1 a n d w a v e 一

2 to t he

blo e k in g flo w
.

In h ig h la t it u d e s
,

th e am p lit u d e o f R o s s by w a v e 15 r e la t iv e ly s m a ll d u e t o

r e la tiv e
ly

s

m a ll b e t a e
ffe e t a n d r e la t iv e

ly w
e a k b a r o e lin it y

.

T h
e r e

fo
r e

,

t he b lo e
k in g flo w

Pr e s e n t s e q u iv a le n t b a r o tr o Pie a l s t r u e t u re
.

T hu s it 15 d iffie u lt fo r u s to a e e e Pt t he

v ie w p o 一n t o f the 5 0 一 e a lled b a r o e lin ie r e s o n a n e e e u r v a t u r e o f blo e kin g fo r舆 a t io n
.

B u t w e

in d e e d t hin k t ha t t h e w a v e 一

flo w in t e r a e t io n 15 p a r t ie u la
r
ly im p o r ta n t fo

r t h
e

m a in te n a n e e o f

th
e

blo e k in g flo w
.

T h e w
e s tw a r

d p r o p a g a tio n o f w a v e 一

1 f
a e ilit ie 、 t h

e fo r m
a t io n o f

blo ek in g flo w in t h e P a e ifie w hile the w e s tw a r d p r o p a g a t io n o f w a v e 一

2 fa e ilit ie s t he

fo r m a t io n o f b lo e k in g flo w in th e A tla n t ie
,

th e o the r sh o r t w a v e s a r e r e la t iv e ly

u n l
m P 0 r t a n t

.

F r o m F ig
.

14 a n d F ig
.

1 5
,

it e a n b e s e e n th a t w e s tw a r d Pr o p a g a t io n o f w a v e 一

1 r ig h t

xm p o s e s p o s it iv e a llo h y p s e o n th e b lo e k in g flo w o v e r th e E a s t P a e ifie
,

a n d w a v e 一 2 b r in g s

th e p o s itiv e a
llo h y p s e to A t la n t ie blo e

kin g
.

L e ie n a s (1 9 9 2 ) e t a l
.

d is e u s s e d t h e r o le s o f w a v e 一

1 a n d w a v e 一

2 in rh e b lo e kin g flo w
,

e s p e e ia lly
,

h o w th e w e s tw a r d p r o p a g a tio n o f w a v e 一 1 irn p a e ts t he w in d fie ld o f th e b lo ek in g

flo w
.

111
.

T H E E F F E CT O F W A V E
一
F L O W IN T E R A C T IO N O N T H E F O R M A T IO N A N D M A IN T E N A N C E

O F U R A L BL O C K IN G

T h e life t im e o f U r a
l blo e k in g 15 u s u a lly s h o r te r tha n t h

a t o f bl
a e k in g s o v e r th e tw o

o e e a n s
.

T he r e a s o n 15 th a t th e r e a r e tw o s t a b le d e e p tr o u g h s in t h e u p s t r e a m o f b lo e kin g s

o v e r the tw o o c e a n s
,

a n d t
卜

e s e tr o u g hs s u s ta in the W a r m a d v e c t io n o f m a in ta in in g

blo e k in g s
.

W hile t he U
r a l b lo e kin g ha s n o s u e

h
s u p e r io r it y e o m p a r e

d w it h b lo e
kin g s o v e r

th e t w o o e e a n s
,

it s life t im e s p a n 15 le s s t h a n th a r o f t he 3 0 一 6 0 d ay L F O
,

H o w e v e r
.

it 15

s till a e o m p a r a b le s t a b le blo e k in g w h ieh p lay s a n im p o r ta n t r o le in C h iri a ’5 w e a th e r a n d

e lirn a t e
.

E v e n if t he r e 15 n o s u eh
s t r o n g a n d

o t a b le u p s tr e a m s y、t e n z s a s t h e E a s t A
s ia n t r o u g h

t o P r o v id e w a r m a d v e e t io n
,

b u t in th e u P s t r e a m o f U r a l b lo e k in g t he r e a r e s t ill s yn o p t ie

s e a le t r o u g h s w hie h s e p a r a t e fr o m t h e Ie e la n d lo w
.

T he w a r m a d v e e t io n a h e a d o f tr o u g h s

15 o n e o f th e fa e ilit a t in g fa e to r s t o t h e fo r m a tio n o f U
r a l blo e kin g

.

A n o t he r fa e t o r 15 t o p o g r a p h y fo r e in g
.

A e e o r d in g t o t he r e e e n t r e s e a r e h o n t h e e o ld a ir

d a m m in g (X u e t a l
.

1 9 9 6 )
,

w he n w e s t w in d in th e lo w le v e l m e e ts U r a l M o u n t a in s
,

a

n o r t h w a r d je t p a r a
lle l to th e m o u n t a in s e m e r g e s

.

T his je t s u e k s tn o r e
lo w

一

l
e v e

l flo w a n d

m o v e s n o r t h w a r d w h e n it m e e t s t he m o u n ta in s
.

It e a n b e s e e n fr o m g r o u n d w in d field th a t

t h e w in d n e a r the U r a l t u r n s n o r thw a r d in s ys t e m a t ie w a y (F ig
.

1 6 )
.

O n e e t he s o u t h w in d in t h e lo w le v e l e o u p le
s t h

e s o u t h w in d a h e a d o f t he m id d le l
e v e l

t r o u g h
,

t h is k in d o f s it u a t io n i、 q u it e fa v o r a b le t o th e fo r
m

a tio n o f U
r a l b lo e

kin g
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14

F 一9
.

1 6
.

A v e r a g e d w 一n d fie ld o n 1 0 0 0 hP a
.

Fig
.

1 7
.

U r a l b lo e k in g p a t te r n fo r m e d b y lo w le v e l w in d o f t o p o g r a p h y fo r e in g eo u p lin g w ith w a r m

a d v e e tio n a he a d o f th e m id d le le v e l t r o u g h (t o p o g r a p h y d e n o t e d by the b la e k t r ia n g le s )
.

(Fig
.

1 7 )
.

T he t o p o g r a p h y fo r e in g 15 a v e r y im p o r ta n t fa e to r in t he fo r m a t io n o f U r a l blo ek in g
.

T his p o in t 15 d iffe r e n t fr o m t h e fo r m a tio n o f b lo e k in g s o v e r th e tw o o e e a n s
.

B e s id e s th is
.

fo r th e fo r m a t io n o f U r a l b lo e k in g
,

t he t o p o g r a p h y d r a g o r r e s o n a n e e a n d la n d
一 a ir

in te r a e tio n m a y b e a ls o p la y s o m e r o le s
.

b u t n o w t h e ir im p o r ta n e e 15 la e k o f e n o u g h

e v id e n e e
.

T h e m a in t e n a n e e o f t he U r a l b lo e k in g sh o w s a p p a r e n t w a v e 一

flo w in t e r a e t io n
.

F ir s t
,

w h e n t he t r o u g h s e Pa r a t in g fr o m th e Ie ela n d lo w m o v e s e a s t w a rd
,

a n d e o ld a d v e e t io n

b e hin d t h
e t r o u g h 15 e o n t in u o u s ly e o m p lem e n te d b y e o ld a ir e o m in g fr o m B a r e n t s Se a

,

5 0

t h a t th e tr o u g h e a n b e p e r s is t e n t ly s u s ta in e d B e e a u s e th e s o u t h t ip o f t h e tr o u g h 15 lo e a te d

in t h e r e g io n o f the p o la r fr o n t Je t o f w e s t e r lie s
,

a n d h a s fu n e t io n o f e a r r yin g w a v e s
,

5 0 t h e

m o v e s p e e d o f t h e s o u t h tip o f th e tr o u g h 15 fa
s te r t h a n it s n o r t h p a r t

.

A ft e r s o m e t im e
,

a

n
一

p a t te r n b lo e k in g 15 fo r m e d (Fig
.

1 8 )
.

H o w e v e r
,

th e e x p e r ie n e e o f w e a t he r fo r e e a s t in g v e r ifie s t h a t if t he e o ld a d v e e t io n
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书书书 \ 、之卜—
、、一

F ig
.

1 8
.

T h e fo rm a tio n p r o e e s s o f U r a l b lo e k in g
.

F ig
.

1 9
.

T h e e o ld a ir g lid e s in t o th e t r a n s v e r s e t r o u g h a lo n g th e h e a d o f t he b lo e kin g r id g e
.

e o m in g fr o m B a r e n t s S e a m ism a t eh e s w ith the t r o u g h o r in s e r t s in to t h e a he a d o f tr o u g h in

a d v a n e e
,

a s a r e s u lt
,

th e t r o u g h b e e o m e s w e a k o r b e e a u s e e o ld a d v e e t io n b e h in d th e

t r o u g h 15 5 0 s tr o n g t ha t it m a k e s th e tr o u g h d e e Pe n e d to s o u th w a r d e x te n s io n t he w a r m
a d v e e t io n a h e a d o f the t r o u g h 15 e u t o ff 5 0 th a t t he t r o u g h b e e o m e s u n s t a b le o r e o lla p s e s

a n d U r a l b lo e k in g a s w e ll
.

F r o m th e v ie w p o in t o f w e a th e r fo r e e a s tin g
,

fo r th e U r a l

b lo e k in g fo r m a t io n
,

w e s h o 双ld p a y m o r e a t t e n t io n t o its u p s t r e a m in s te a d o f t h e

d o w n s t r e a m
.

U s u ally s a y in g : the t u r n in g o f th e t r a n s v e r s e t r o u g h le a d s t o th e e o lla p s e o f

t h e b lo e k in g
”

1 5 n o t o f s e ie n t ifie s ig n ifie a n e e
.

S a y in g
‘

T h e e o lla p s e o f th e b lo e k in g a n d

t r a n s V e r s e t r o u g h t u 士n in g
”

s e e m s t o b e m o r e r e a s o n a b le
·

T h is 15 b e e a u s e th a t a lt h o u g h th e

t r a n s v e r s e tr o u g h lo e a t e d in t h e d o w n s t r e a m o f th e b lo e kin g b e e o m e s s t r o n g e r b y th e

e o m p le m e n t o f e o ld a ir
,

th e e n e r g y o f t r a n s v e r s e t r o u g h 15 e o n t in u o u s ly t r a n s p o r te d a w a y

b y t he w e s te r ly je t d u e to th e tr o u g h lo e a t e d in th e P o la r fr o n t je t r e g io n
.

T h e r e s u lt 15

t h a t m a n y sm a ll t r o u g h s rn o v e e a s tw a r d a lo n g th e je t a n d e a r r y a litt le e o ld a ir s o u t h w a r d
.

5 0 th e t r a n s v e r s e t r o u g h 15 Pe r s is t e n t ly m a in ta in e d
.

T he r e a l e a u s e o f t r a n s v e r s e t r o u g h

t u r n in g 15 d u e to th e e o lla p s e o f t h e b lo e kin g
,

w h ie h d e s t r o y s the e ir e u la t io n s it u a t io n

m a in t a in in g t h e t r a n s v e r s e t r o u g h
.

In t h e d o w n s t r e a m o f th e b lo e k in g
,

t h e e o ld a ir fr o m

t h e e a s t o f t h e N o v a ya Z e m lya Is la n d e o n t in u o u s ly g lid e s a lo n g t h e r id g e
、

o f blo e k in g in to

t h e t r a n s v e r s e t r o u g h
.

T h e r e fo r e
,

t he sm a ll tr o u g h g lid in g a lo n g t h e h e a d o f t h e b lo e k in g

r id g e s u PPle m e n t s e n e r g y to t h e t r a n s v e r s e t r o u g h a n d t h e m o r e im p o r t a n e e 15 t o

s tr e n g th e n a n d m a in t a in t he eire u la t io n a h e ad o f t h e b lo e k in g r id g e
.

It 15 v e r y fa v o r a ble to

t h e m a in t e n a n e e o f t h e t r a n s v e r s e t r o u g h a n d t h e b lo ek in g (Fig
.

1 9 )
.

Ju s t b e e a u s e o f th is p o in t
,

it 15 im Po r ta n t fo r t h e P r e d ie t io n o f th e b lo e k in g t o fin d
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.

1 4

w h
e t he r t h

e r e 15 e o ld
a ir g lid in g a lo n g t h e h

e a d o f t h
e

blo e k in g r id g e in t o t h e t r a n s v e r s e

t r o u g h
.

In s u m m
a r y

,

t he p r e
d i

e tio n o f th e b lo e kin g s
ho u ld fo e u s o n th e u p s t r e a m o f th e

blo e k in g
.

T he e o lla P s e o f t he blo e k in g n e e d s to b e a n a ly z e d fr o m t h e m a t eh o f t he e o ld

a
d v e e t io n fr o m th

e B a r e n ts S e a w it h t he t r o u g h f
r o m t h e w e s t

.

T h
e

m
a in t e n a n e e o f th e

blo e k in g s ho u ld b e a n a ly
z e d in v iew o f t h

e d o w n s t r e a m o f th e blo e kin g
.

t ha t 15
,

w he t h e r

th e e o ld a ir fr o m the K a r a Se a e o n t in u o u s ly r e p le n is he s th e tr a n s v e r s e t r o u g h a lo n g th e

h
e a d o f t h e

blo
e k in g r id g e

.

T h e d is p o s it io n o f w a v e 一

flo w in t e r a e tio n p r o v id e s a s ig n ifie a n t

e lu e t o p r e d ie tin g o f v a r ia t io n o f t he U r a l blo ek in g
.

IV
.

S OM E D IS C U S S IO N S A N D C O N C L U S IO N S

B a s e d o n t h
e r e v ie w o f t h e s o m e p r e v io u s r e s e a r e

h e s a n d t h r o u g h e o m p a r is o n b
e tw

e e n

t h e o b
s e r v a t io n a l fa e t s a n d d ia g n o s t ie a n a lys e s

,

a n d e o m bin in g th e rn w ith lo n g
一 t im e

e x p e r ie n e e o f w e a the r p r e d le t io n
,

S o m e o p in io n s a n d r e ge a r c he s o n th e fo r m a t io n a n d

m a in z e n a n e e o f blo e
k ixlg s a r e p r o p o s e d

.

T h
e y p r o v id e n o t o n ly s o m e f

a e ts fo r fu r t h e r

t h e o r e t ie a l s t u d y
,

b u t a ls o s o m e e lu e s a n d id e a s fo r t he p r e d ie tio n o f the fo r m a t io n

m
a in te n a n e e a n d e o lla p s e o f blo ek in g s

.

M
a n y m e t e o r o lo g is t s a ll o v e r t h e w o r

ld
e o n e e r n

a n d d o r e s e a r e h o n the L FO o f b lo e k ln g p a t te r n
,

the y h a v e P r o P o s e d m a n y fo r m a t 一o n

m
e eh a n is m s o f t he blo e k in g

,

s u e h a s
w a t e r 一

lik e ju m p a n d r e s o n a n e e
,

s o lit o n a n d d ip o l
e

,

lin e a r a n d n o n lin e a r in s t a b ilit y a n d m u lt i
一 e q u ilib r ia

,

a n d 5 0 o n
.

T h e p r o b le m 15 w h ie h

t h e o r y 15 e lo s e s t to t he r e a l s it u a tio n ? W h ie h th e o r y 15 b a s e d o n th e o b s e r v a r io n a l a n a ly s ls

a n d d i
a g n o 、 e s ? A n d w h ie h th e o r y e a n b e u s e d to g u id e t he w e a t h

e r fo
r e e a s tin g a n d 15

e o n s is t e n t w ith t he fo r e e a s t e r ’5 e x p e r ie n e e
.

T h e s e q u e s t io n s a r e s till d iffie u lt t o a n sw e r
.

T h
e v a lu e o f t h is p a p e r lie s in p r o v id in g s o m e r e s u lts o f o b s e r v a t io n a l fa e t s a n d d ia g n o s tie

a n a ly s e s fo r t h e fu r t h e r t he o r e t ie a l s t u d y
.

B e n g t s s o n (1 9 9 6 ) s u m rn a r iz e d t h e
b lo e kin g fo r

m
a t io n f

r o m t h e v ie w p o in t o f n u rn
e r ie a l

5 im u la t io n
.

H e P r o p o s e d t ha t the fo r m a t io n m e e ha n is m o f b lo e kin g s o v e r A t la n t ie a n d

E u r o p e 15 r e la t e d t o t h e lo e a l n o n lin
e a r in s t a bilit y o f t he tr a n s ie n t e d d y w hie h e a n p r o d u e e

th e fr e e d iPo le
,

w h ile t h e n o r m a l m o d e l in s ta b ility o f th e 3
一

d im e n s io n a l b a s ie flo w 15

r e s p o n s ible fo r th e fo r m a tio n o f the b lo ek in g o v e r t h e P a e ifie
.

H is o p in io n a b o u t th e Pa e ifie

blo e k in g fo r m
a t io n 15 s im ila r t o o u r s

.

T h e in s t a b ilit y o f t h e 3
一

d im e n s io n a l b a s ie flo w 15 t h
e

in s ta b ility o f th e flo w
,

w h ieh 15 m a in ly e a u s e d by n o n lin e a r th e r m a l a d v e e t io n a n d S S T

he a t fo r e in g
.

W e a r e
d iff

e r e n t fr o m B e n g t s s o n t ha t w e a ls o t h in k
’ t he n o r m

a l m o d e l

in s ta b ll一ty o f t he 3
一

d lm e n s lo n a l b a s一e flo w a s t he fo r m a t io n m e e ha n zs m s o f b lo e k 一n g o v e r

th
e

A tl
a n t ie

.

H o w
e v e r

,

w e ha v e th e s a
m e o p in io n a b o u t th e fo

r
m a t io n o f U

r a l blo e k in g
,

b e e a u s e th e u p s t r e a m o f t he U r a l b lo e k in g 15 s u p p o r te d by t h e t r o u g h s eP a r a t e d fr o m t h e

Ie ela n d lo w
,

w hieh b a s ie a lly b elo n g s t o th e t r a n s ie n t w a v e
,

a n d it s s o u th t ip lo e a t e s in th e

je t r e g io n a n d m o v e s fa
s te r t ha n it s n o r t h Pa r t

,

n o t o n ly t he n
一
p a tt e r n b lo e

k in g 15 fo r m
e
d

(F ig
.

1 8 )
,

b u t a ls o fo r rn s th e b lo e kin g d ip o le s w h e n t r a ilin g t r o u g h b e e o m e s Ie a d in g

t r o u g h
a n d t he n e o he r e s w it h t he t r a n s v e r s e t r o u g h

a
he a d o f th e blo e k in g a n t ie y e lo n ie a

lly
.

5 0 th e fo r m a t io n o f U r a l b lo e k in g m a y b e 11 n k s w i t h t h e lo e a l n o n lln e a r In s ta b lllty o f t h e

b a s ie flo w w h ie h e a n r e s u lt in t h
e

d ip o le
一

lik e t r a n s ie n t w a v e
.

B e s id e s th is
,

U
r a l

M o u n ta in s a ls o p la y a n im p o r t a n t r o le in t h e fo r m a t io n o f t h e blo e k in g
.

T h e r efo r e if s o m e
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d y n a m ie a l p r o e e s s e s n e e d to be d o n e
,

it 15 n e e e s s a r y to e o n s id e r th e e ffe e t o f U r a l

M o u n t a iri s
.

F xn a lly
.

it sh o u ld b e p o in t e d o u t t h a t t he lo w
一

fr e q u e n ey a n o m a lie
s o f b lo e k in g p a t te r n

a r e r e la t e d t o t h
e

h
e a t fo r e in g o f o e e a n s a n d d y n a m ie fo r e in g o f to p o g r a p hy

,

a n d t h e lo w

b o u n d a r y fo r e in g im p a e ts t h e m id d le a n d lo w
一

le v e l
a tm o s p he r e t h

r o u g h t h e v a r ia tio n o f t he

e
l
e
m

e n t s in t }飞e b o u n d
a r y l

a y e r
.

T h e p r o ble m
s o f t h

e
b o u n d a r y la y e r in t he lo w

一

fr e q u e n c y

v a r ia tio n o f blo e
k in g p a t t e r n a r e in t r ig u in g is s u e s

.

R E FE R E N C耳S

A u s tin
.

J
.

F
.

(一9 8 0 )
.

T h e b lo e k in g o f m id d le la tit u d e w e s t e r ly w in d s b y p la n e ta r y w a v e s
.

Q
u a r r

.

J
.

R 妙
.

人了e t e o , 一 5 0 ‘二 1 0 6
:

3 2 7 一 3 5 0
.

B e n g t s s o n
.

L
.

(1 9 9 6 )
.

R e e e n t a e h ie v e m e n t s in t h e m o d e llin g a n d p r e d ie t io n o f a t rn o s p h e r ie b lo e k in g
,

in
:

IA P
.

C A S
,

a n d E d
.

F ro 从 A t脚口J户人e ri e C 艺rc u la t万。 , to Gl
o
ba l 〔从 a n g e C h in a

M
e t e o r

.

Pr e s s B e iji
n g

.

PP
.

2 7 3 一 2 8 8
.

B e n z i
,

R
. ,

H a n s e n
.

A
.

R 二 a n d S v te r a
.

A
.

( 1 9 8 4 )
,

O n s ro e h a s rie p e r t u r ba rio n s o f s irn p le b lo e k in g

rn o d e lls
.

Q u a r t
.

J
.

R 卿
.

M
e te o r

.

S o c
. ,

1 1 0 : 3 9 3 一 4 0 9
.

C }飞a r n ey
.

J
.

G
.

(1 9 4 7 )
,

T h e d y n a m ie s o f lo n g
一

w a v e in th e ba r o e lin ie w e s t e rly e u r r e n t
,

J
.

几f七z e o r
. ,

4

1 3 5 一 1 6 3
.

C h a r n ey
,

J
.

G
.

a n d De
v o r e

.

J
.

G
.

(1 9 7 9 )
,

M
u ltip le flo w e q u ilib r ia in t he a tm o s ph e r e a n d b lo e k in g

,

J
.

A t脚 0
.

、
.

S c i
. ,

3 6 : 1 2 0 5 一 1 2 1 6
.

D o le
,

R
.

H
.

‘1 9 8 2 )
卜

Pe r s is te n t a n o m a ]ie s o f rh e e x t r a r r o p iea l N o r t he r n H e m is p h e r e w in te r tim e

e ir e u la t 元o n
.

P h
.

D
.

th e s is
.

M IT
r

2 2 6PP
.

E a d y
.

E
.

T
.

(1 9 4 9 )
,

L o n g w a v e s a n d e y elo n e w a v e s

Te llu s l : 3 3 一 5 2
.

E g g e r J
.

(1 9 7 8 )
.

D yn a m le o f blo e k in g h ig h
,

J
.

A t从0 5
.

S e i二 3 5 : 1 7 8 8 一 1 8 0 1
.

E g g e r
.

J
.

(1 9 8 1 )
,

S t o e h a s tie a lly d r iv e n la r g e 一 s ea le e ir e u la tio n w ith m u lti
一e q u llib r ia

,

J
.

A tm o s
.

S r : 二 3 8 :

2 6 0 8一 2 6 8 1
.

H u a n g R o n g h u i a n d Z o u H a n (1 9 9 6 )
,

T h e in t e r a e t io n s b e tw e e n u p
一
p r o p a g a t in g p la r一e t a r y w a v e a n d z o n a l

m e a n flo w in th e s p h e r ie a l b a r o e lin ie a t几 o s p he r e
,

C h in ‘s e J
.

A t爪。 :
.

S c i二 2 0
:

1 3 8 一 1 4 8 (in

C h in e s e )
·

Jia n g Q u a n r o n g a n d W
a lla e e J

.

M
.

(1 9 9 1 )
,

A ir 一s e a in 士e r a e t io n a n d t e le e o n n e e tio n in t h e A rla n t : e in

N o r t h e r n H e m is p h e r e in w in t e r h a lf y e a r
.

A c t a M云te
o r

.

5 1, 比a
.

4 9 : 6 4 一 7 0 6 n C h in e s e )
.

L e
i
e n a s H

.

a n d M
a dd e n

.

R
.

A
.

(1 9 8 2 )
,

T r a v e llin g p la n e t a r y一 s ea le w a v e s a n d B ! o e k in g
,

J叼肠n
.

W
e a

.

R e v 二 1 2 0 : 2 8 2 1 一 2 8 3 0
.

L i C h o n g y in ( 1 9 9 1 )
,

L o切
一
F re g u e 。

卿 O sc illa tio n : i , th 尸 A tm o sPh e r e
.

C h in a
M

e te o r
.

P r es s B e iii
n g

2 0 7 p p
.

(in C h in e s e )
.

L i C h o n g yin (1 9 9 3 )
,

L o w
一
F r e俘u e 刀

卿 O s c illa tio刀 5 in th e A tm o
sP h e r e (E d itio n s 11 )

,

C h in a
M

e re o r
.

P r e s s
,

B e izin g
,

3 1 0 p p
.

(in Ch in es e )
.

L u R iyu (1 9 9 6 )
,

O n th e d ia g n o s is o f the e n e r g y o f w a v e n u m be r r e g im e d u r in g t h e e v o lu tio n o f blo e k in g
,

C h 沃e se J
.

A tm o s
.

S c i
. ,

2 0 : 2 6 7 一 2 7 8 (i n C h in e s e )
.

L u R lyu a n d H u a n g R o n g h u i (1 9 9 6 )
,

T h e m o d ifie d m e r id io n a l e ir e u la tio n e q u a tio n s a n d t he ir a p p liea rio n in

th e fo r m a tio n o f b lo e k in g
.

C h z n e se J
.

A tm o s
.

s c i
. ,

2 0 : 1 3 8 一 1 4 7 (一n C h ln e se )
.

M
a d d e n

,

R
.

D
.

a n d Ju lia n
,

P
.

(1 9 7 1 )
.

D e t e e t io n o f 1 4 0 一 5 0 d a y o se illa tio n in th e z o n a l w in d in th e
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