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Z ha n g Ke su (张可苏)

In stitu te o f A 丈m o sPh e rie Physic s
,

A ea d e m ia S in ie a
,

B e ijin g

R e e e iv e d A u g u s t l
,
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A B S T R A C T

T h is 15 the see o n d Pa r t o f “
M

e so se a le In s ta bility o f a B ar o e lin ie B a s ie F low
” w h ie h dis eu sse s the

in s ta b ility o f a ba s ie fl o w a g a in s t m es o se a le Pe rtu r ba tio n s o f tr a n sv e rsa l tyP e
.

A b i
一

m o d e in sta b ility sP e e tru m 15 o b ta in ed b y g e n er a liz in g th e E a dy m o d e l to a g e o s tr o Ph ie r eg ime in

a n
f一Pla

n e : E a d y m o d e s Pre se n t a t th e s yn o P tie a n d su bsyn o Ptie se a le s
,

w hile the a g e o str o Ph ie b a r o e lin ie

m e so se a le m o d e s Pre se n t a t th e in e r tia l se a le s o f a fe w re n s to h u n dre d s k ilo m e te rs
.

T h e m es o se a le m o d e

15 fe a tu re d b y a n a sy m m et ric “e a t ey e s , ,

Pa tter n in the v er tiea l er o ss se etio n an d b y a n a lter n a tiv e d istri
-

b u tio n o f d iver ge n ee a n d v o rtic ity in the h o rizo n ta l d ir ec tio n
.

T h e gr o w th r a tes o f the m e so se a le m o d e s

a re a b o u t fo
u r tim e s la rg e r than tho se o f E a dy m o d es in m a g n itu d e s fo r th e sa功e w in d P rofi le

.

T h e m aj o r

en e rgy
so u rc e fo r d ev e lo Pm e n t b o th E a d y m o d e a n d r ne so se a le m od e 15 the b ar o e lin ie a v a ila b le e n e rg y sto re d

in th e r o ta tio n a l ba sie fl o w
.

1
.

IN T R O D U C I
,

10 N

Th
e Pre v io u s re se arch o n in sta bility o f a b a sie fl o w ag

a in st d istu rba n e es o f the tr a n s
-

v e rsa l ty Pe 15 m o stly e o n ce n tr a ted
’

o n syn o Pti e a n d e o n v e etiv e se a le s
.

Ch a r n ey (19 4 7 )
a n d E a d y (19 4 9 ) fi r st d iseo ve re d the in sta bility o f a b ar o e lin ie fl o w ag ain st q u a si

一

g e o str o Phie

Per tu r b a tio n o f s
yn oPtie seale s

.

In the q u asi一eo str o Phi e fr a m ew o rk a Pre fe rr ed se ale

a b o u t 2 0 0 0 km m a y be o b ta in ed 岁he n e x ten d in g th e sp e c tr u m o f E a dy m o d e to the sh o r ter

w a v e r a n g e b y in e lu d in g eo n d e n s a tio n he a tin g in the m o d e l 5 0 a s t o d e e r ea se the effe
e tiv e

sta tic sta bility
.

A n E a d y m o d e o f sh o r te r w a v ele n g th m ay a ls o b e o b ta in e d w hen the w in d

she ar 15 e o n een tr ated w ith in a sha llo w la yer o r the b a sie 月o w h as a sig n ifi ea n t e u

rva tu re

(Pr a kki et a l
. ,

19 8 2 )
.

T h ese “ w et” o r “ sh allo w
, ,

q u asi
一

g eo st r oPhie d istu th a n c es m a y b e

a ble to in terPr et the m ed iu m
一sea le w av e s o b ser ve d o n the “M eiyu

, ,

fr o n ts an d tho se

sho r t w a v es a r o u n d a Po la r v o r te x
,

b u t th e m o re d iffi eu lt Pro blem 15 th e dyn a m ie s o f m eso
-

刀 system s o n the in er tia l sea le s (a fe w ten s to h u n d re d s o f k江o m et er s)
.

B y a PPr o x im a te

an alyse s St o n e (19 6 6
,

19 7 0)
sho w e d tha t the re e x 主st b a ro e lin ie in stabil ity fo r

瓦
e ha rd so n

n u m b er R
‘> 0

.

9 5
, sym m e tri e in sta bility fo r R ‘< 0

.

9 5
, a n d K elv in

一

H elm h o ltz in stab ility fo r

o < 尺 * < 0
.

2 5
.

B a se d 。n the th e o 卿 。r tw o
一

d im en sio n a l tu rb u一山
e e

,

班y (19 53 ) su g g ested

tha t th e m e s o sea le m o tio n s a r e su PPo rte d by sm a ll sea le m o tio n s b eea u se th e m e so se ale

m o tio n s a r e lo e ate d a t the in er tia l r e g im e o n the e n e rg y sPeetru m w her e n o en e rg y inj e e tio n

o ec u rs a n d o n ly e n er g y tra n s

fer
a m o n g d iffe re n t se ales a re Po ssibl e

.

o n the o the r h a n d
,

th e la ek o f Pe a k o n m eso sea les in the sta tistie a l Po w er sPe etr u m d o e s n o t n e e e ssa r ily m e a n

th at the a tm o sPhe re 15 a b so lu tely sta ble ag a in st m eso sea le Pe rtu r b a tio n s , r ather
,

it m a y

im Ply tha t th e m e so seale in sta bility re q u ir es m o re r ig id erite r ia a n d the re fo r e o n ly o ecu r s
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2

in the a tm o sPher e w ith sm all Pr o b ab ility
.

In o r d er to d ise o v er a d istu rba n e e o n the sea les

a b o u t a hu n d r ed k ilo m e te r s it re q u ire s to o rg a n iz e sPec ia l fi el d ex Per im e n ts w ith hi g h q u a lity

a n d hi g b te m Po ral a n d sP a tial re so lu tio n s in o b serv atio n
.

鸯鸯鸯F lg
.

1
.

D istr ibu tio n o f su rfa ee m e so se a le e o nv er 郎n e e (s
o lid lin es)

a n d tem Per a -

tu re w a v e s(d a shed lin e s) a l加9 th e d ire etion o f th ern la l w in d
.

T h e eo n to u r

in te rv a ls o f the iso Ple th e s a re 4 火 10-
5 5一‘ 匆r d ive rg e n e e a n d Z

O
C

fo r tem p e ra tu re (140() G M T 9 M a y 19 7 9
,

Te xa s)
.

Fig
.

1 sho w s a ca se o f m e so seale a n alysis b a se d o n o bse rv a tio n s in SE SA ME 19 7 9

in U n ite d Sta te s (o g u r a et a l
. ,

19 82)
.

A lo n g th e eo ld fr o n t the re a r e tem Pera tu r e w a ve s

a n d d iv er g e n e e d istu rba n ce s o f a w
ave len g th a b o u t 4() 0 k m

.

T he v o r tieity a lso h a s a e o r -

re sPo n d in g d istri bu ti o n
,

Th
e w a v e tr ain a lig n s a lo n g the a x is o f th e s o u th

一

w e st jet ah ea d

o f a e o ld v o r te x o n 5 0 0 h Pa
.

In the fo llo w in g sec tio n the e o n d itio n s fa v o ra ble t o th ese

kin d s o f tra n sver sa l m es o se ale d istu rba n ees to o c eu r in a b a r o elin ie
, e o n tin u o u sly st ra tifi ed

a tm o sPh e re w ill b e d iseu sse d
.

11
.

G O V E R N IN G EQ U A T IO N S A N D S IMPL E A N A LY T IC S O L U T IO N

T he th re e 一d im en sio n a l g o ve rn in g Per tu rba tio n eq u a tio n s (l)
a n d the se t o f eq u a tio n s

(2) Pre sen te d in th e fi rst Pa r t o f th e Pr esen t w o r k (Z ha n g
,

19 8 8) a re s u ita ble to b e so lv ed by

m atr议 m eth o d
.

In o r d e r to fi n d th e tli eo re tiea l so lu tio n o f the Pro blem fo r a sim Ple w in d

Pr o file
,

w e fi r st d iseu ss th e ch a r a c teristi e eq u a tio n fo r tr a n sv er sa l d istu r b a n ee s
,

1
.

e
. ,

E q
.

(5) i
n th e fi r st Pa rt o f th e Pr esen t w o rk :

〔f
’一 掩

、 , 二
d

Z

万
又口 一 C )

一

」一; , 厂一

一
a 乙

-

Zf
Z
U

二

(U 一
e
)

d不厂

d z
一 k

之

〔N
’一几k

Z

(U 一 e
)
“

一 U
二 二

(U 一
。
)」牙 ~ O ,

w he
re
才 re Pre sen ts the e ig e n 几nc tio n o f the

v e rtieal

Ph a se sPe ed
,

U S ta n d s fo r the ba sic 月o w
,

f 15 the

( 1 )
v elo ci ty

,
e the e o m Plex eh ar a e te r istie

C o r io lis Pa r am e te r
,

N the b u o ya n ey
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fr e q u e n c y
,

寿 the w a ve n u m ber in

sta tic o r n o t
.

E q
.

(l) ha s thl e e

%
一

d ire etio n
,

sin g u la r ities

几二 0 o r 1 in d ieat es 江 the m o d el 15 hyd r o
-

{0 11 the U 一 c a n d U 二 c 士 f/ k
,

w hic h 夕o r r esPo n d

r esPe e tiv e ly
.

E q
.

to thr ee c r itiea l lev els b elo n g in g

r e a l a xi s :

t o R o ssb y W a V e

(l) b ee o m es q u a si
一sin g u la r w he n the im ag in a ry Pa r t

w hieh r esu lts in d iffi eu lties in c o n v erg en c e fo r e o m Pu ta ti o n o f e
.

eo n sid e r in g U
二 二 ,

the Pr o blem 15 r ela tiv ely ea sy t o h a n d le
.

掩 15 sm a ll
,

E q
.

(l) 15 re d u ce d to th e e la ssie al E a dy

Fu r th er
,

If

fo r

a n d in er tia l w av
es ,

o f e 15 ve ry sm al l

兄= 0 a n d w itho矶

la rg e sea le m o tio n s

m o d e l Wi th o n ly o n e sin g u la ri ty

(u 一 。)「或终
一兰里二班刁

一 Zu
z

亘翼
.

一。
.

’

匕 d z “

J
“

」 d z
(2 )

Th is m o d elh a s the th eo re tiea lso lu tio n a n d its in sta bi lity sPee tr u m ha s a sh o r t w a ve e u t
.
。丘

D o es ther e e x ist a n y m e so seale in sta bility be yo n d the sho r t w av e eu t- o ff ? T he a g e o str o Phi e

m o d el (I) m
a y in elu d e this Po ssib ili ty

.

Th
e fo llo w in g a n a lysis w ill d e m o n stra te th e ex is

-

ten e e o f the th e o r e tie al so lu tio n fo r the a ge o str o Phic m o d el (l)
.

By in tr o d u c in g a n ew v a r ia ble R ~ k (U 一 e
)/ f

a n d 凡
e ha r d so n n u m b e r R ‘二N

’

/ U 圣

fo r U
二 二 a n d 几二 0 E q

.

(l) 1
5 re d u ee d t o the fo ll o w in g fo rm

R (*
:
一 1 )
纂

+ 2

器
+ R R ‘

牙 一 。
·

( 3 )

It 15 sh o w n tha t E q
.

(3)
In th e e a n o 恤eal fo rm

15 essen ti a lly id ent ical wi th th e h yPer g eo m etrie d iffe
r en tial eq u a tio n

.

o f the hyPerg eo m etri e d iffe renti al e q u a tio n

x( 二 一 l) y” + 〔(a + 刀+ l) 二 一 , 〕y
,

+ a刀夕二 0
, (4 )

w e int r o d u c e va ri ab le tran
sfo rm

ati o n x = R
’ , a n d ch o o se (a

,

口)二 1 / 2 (一 l / 2 士矿I万互否)
,

a n d , = l/2
,

the n E q
.

(4) 15 re d u ee d to (3)
.

fo rm
o f hyP

e

rgo
o m e tri e fu n eti o n F (a

,

刀
,

T h er Cfo re (3)
夕 ,

R
,

)
.

玩

E q
.

(3
o rd e r

also ha s a so lu tlo n

to fin d the sPeeili e

satisfy l
n g th e u PPer an d lowe

r b o u n d ary e o n d iti o n s an d

血
e arls in deP en d en t hyP

erg e o m et ri e fu n etio n s F
; a n d F

Z

so lu ti o n

t0

a rC

o bta in th e eig env al u e

u sed to eo n stru Ct th e

in the

so lu tio n

c ,

tw o

g e n er a l

班二月F
,

十 B F
2

.

Th
e s o lu tio n 不 h as to satisfy the fo llo w in g r ela tio n s a t

wh
er e R

: 二 k (U
了

一
。
)/ f a n d R

, , 庵(U
: 一 e

)/ f :

研
:
~ A F

I

(R 劲 + B F
Z

(R 手)

研
, = A F

:

(R 丢) + B F
Z

(R 兔)

(5 )
the u PPer a n d the lo w e r b o u n d a r ie s

0

0} ( 6 )

T he eig en va lu e

d o n o t v a n ish

c 15 c a leu la te d by the fo ll o w in g d eterm in a n t if th e c o e ffi ci en ts A a n d B

sim u lta n eo u sly :

F
;

(R 手)F
:

(R 丢)一 F
Z

(R 异)F
,

(R 丢)
T h is tra n se en d en ta l eq u a tio n ea n b e s o lv ed fo r eig en v a lu e e ill

0
.

(7 )
te rm s o f iter a tiv e m e th o d

.

1 11
.

IN ST A B ILIT Y O F A N IR R O T A T IO N A L S T R A T IF IE D FL OW A N D T H E “C A T E YE S
, ,

PA T T E R N

f = 0 15 o n e o r th e Sp eeia l c ase s 。r E q
.

(l)
.

Fo : the lin ea r }
}w in d p r的le U = 。 : E q

.

(l) 1
5 r ed u c ed t o

少不
.

厂
一 , 二一舀 州卜!
d Z ‘

匕

R ‘

(
2 一 : 。

)

、一““
2

〕
牙 一 。

,

( 8 )

w here R ‘= N
’

/
a ’ , : 。

= e
/
。

.

A ssu m in g th a t 兄= 0 a n d in tr o d u ci n g va ri a ble tra n sfo rm a tjo , 1

刀= k (z 一 z c

) w e h a ve
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2

C
, e朋 (6In ”) + C

Z

co 。(b ln 刀)

C
:

护+ C
Z刀一 b

e
,
+ e

Z

耐。

w he n

1
找 ‘一—
{

一

4

b
艺

= ) I n

、
— 一 九 ‘

}
4

O

r

l
.
.

丈、刀

z
‘

月冷一一厂

w lle r e b
‘
15 d efi n e d a s a n in teg e r

.

a n d lo we
r b o u n d a ry e o n d itio n s 班 二 0

.

Th
e eig en va lu e e 15 then

A ssu m in g tha t the w in d

d e te rm in e d b y the u PPe r

sPe ed a t th e u PPe r b o u n d
-

ary is U
: ,

fo r R ‘< l/4
a e o m Ple x Pha se sP eed e = U ,

,

/ 2

ta in ed (n

the b o u n d

IS a Po sitiv e in teg er)
,

w hic h e a u ses in sta bility o f the

[ z + f e tg (
n 二/ Zb )〕 15

b a sie flo w ; fo r R i -

a ry c o n d itio n g iv e s e 二 U
:

/ 2 : fo
r R ‘> l/4 w e h av e e 二 U

:

/ (1
一e 2 ”井 / b

O b 一

1 / 4
a lS O)

O
‘
�少止L

r e Pr e s e n t in g a n e u tral w av e
.

T h e r e fo r e R ‘= l/4 15 a e r itie al v a lu e fo r in s ta b ility

in a h yd r o s ta tie b a sic fl o w o f line a r Pr o fi le
.

Fo r n o n li n e a r w in d Pr o fi le E q
.

(l)

N
z

(U 一 e
)
’

15 r e d u e e d to T a ylo r 一

G o ld ste in e q u a tio n :

d
Z

研
.

「
一下- 二一 州一 !
d Z

‘

L

U
二:

U 一 c

一 ; 、2

」
研一 ”

,

w h ich 15 w id e ly u s e d d is e u ss io n s o f the d e v e lo Pm e n t a n d Pr o Pa g a tio n o f th e g r
av ity

。

洲似
之 ( k n l )

8 1 1 1 ,
尹 产 一 ~ 、 、

z 一~ \
、

厂 一、\ \

, ,
l
理‘、

12刀,、、
防川山出出�

for一-0.0

生套
0

.

05

拳翼
16兀 8 冗

ZJ乙L l 月
6 笼

.
。

, a

4 允以 知n ) 4 兀 8万
x ( k m )

F ig
.

2
.

I n stab ility sp e c tr u m in 盯o wt ll ra te s

v e r su s w ave le n g ths a n d th e n o n -

dlln e n s io n a l w a v
en u m b e r a 二 kh

.

R i

15 lab e le d n ear th e e u r v e s ,

th e b o ld

d a sh e d lin e in d ic a t e s th e w a v e l阳g th

o f the m o st u n sta b le rn o d e
.

F ig
.

3
.

T h e e i罗n fu n e t io n e o r r e sPo n d in g

t o the Po in t “ x ” i n F ig
.

2 ,

15

s ho w n in th e v e rt ie a l e r o ss se e t io n ,

h e jgh t 二 v e rs u s h o r iz o n ta l d ista n e e

劣
.

尸 i 二 0
·

1
, L = 8 k m

.

w av
e s

.

W
e a s su

me th a t the b a s ie fl o w U 二 U 。 ta n h 〔(
二 一 : 。

) / h〕
, a n d ch o o s e the s tr a ti fi c a ti o n

Par a m e t e r 5 0 tha t the lo e al 几
e h a rd s o n n u m b e r a r o u n d z 。

is R ‘= 0一0
.

2 a n d th e v e r tie a l

r e s o lu t io n d = 2 0 m w ithin the in t eg ra tio n d o m a in b e tw e e n o一 10 km
.

In o r d e r to o b ta in

a e o m Ple te Pie tu r e th e e e n t e r 之 。 o f th e m a x im u m sh e a r is a s s u m e d to lo e a te a t t h e e e n te r

o f the in te g ra tio n d o m a in w ith a e ha r a e te r is ti e th ie k n e s s o f the sh e a r laye r h 二 2 k m
.

T h e

e ig e n v alu e c a n d the e ig e n fu n tio n W s ati s
fy in g E q

.

(9 )
a n d th e b o u n d a ry e o n d itio n

研 二 O

ar e the
n o b tai n e d b y “ sh o o t in g m e th o d

, ,

(Fig s
.

2 a n d 3)
.

S in e e s tr e a m fu n e tio n 15 r e la te d

t o 不 by 牙= 劝
二 ,

F ig
·

3 al s o r e p re se n ts th e p ic tu r e o f the
s tr e a m fu n ct io n s a tisfy in g E q

·

(9 )

b u t w ith a Ph a se sh ift o f 耐2
.

I t 15 r e a liz e d fr o m the in s ta bility sPe e t r u m g iv e n in Fig
.

2 th a t
.

th e w h o le w a v e b a n d s
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o f Z二h< L < co a r e a ll u n sta ble fo r a hyPe rta n g en t b asie fl o w o f eu rv at ur e and w ith a

m in im u m R ‘二 O一0
.

1 a t z 一 之 。
.

T he m a x im u m g r o w th ra te o n th e in sta billty sP e e

trU m

Io e at es
.

n ea r th e n o n d im e n sio n a l w av 己
n u m b er 秃h = 0

.

5 (w ave len g th 4 二h) wi th a pha
se

SPe e d C
,

= 0
.

A “ e a t eye s” Pa tte r n o f the st re a ln lin e s se ts u P w hich 15 ce n te re d at the

m id d le lev el 二
。 w h e re th e sh e a r r ea ehe s its m a x im u m (Fig

,

3 )
.

A s the ch
a r a ete r istie th iek

-

Ile ss o f the she a r la ye r h in er e a se s
,

the w a v el en g th o f the m o st u n sta ble m o d e m ay
in c r ea se t o a fe w te n s o f kilo m ete r s w hieh 15 m u ch la r ge r tha n the e o n ve e tive se ales

.

Fo r

the Pu rPo se o f e o m p a ris o n
,

th e e a se fo r R ‘< 0 15 a ls o e a lcu lated
.

T he e ha r ae te ristic flo w

p a tter n 15 fe a tu re d by sim Ple e o n v ee tiv e e ells w ith a litti e tilt (fi g
u r e o m m itted ) w hi ch 15

m o r e sim ila r to the sim Ple tll erm a l e o n ve c tio n ra th e r tha n th e
‘,
ea t eyes

, ,

Patte rn o ee u r rin g

in a sta tiea lly sta ble str a tifi e d flu id s
.

IV
.

f笋0

—
EA D Y M O D E S A N D M E S O S C A L E M O D E S

T he C o rio lis p a r a m ete r j 15 u su a lly n o t n eg lig ible fo r m o tio n s o n the sc a le o f h u n d re d

k ilo m ete r s
.

T h e g r a d ie n t o f tem Pe r atu r e s u PPo rte d by r o tatio n o f the b a sie fl o w m a y Pr o
-

v id e a v a ila b le Po te n tia le n er g y t o the d istu rb a n c e s o fe er ta in sPeeia l stru ct u r es
.

Th
e a n a lyse s

o n sym m e tri e in sta bjlity sh o w tha t a b a r o e lin ie b a sic fl o w w hi eh 15 ab
so lu tely Iin e rtiall y

sta b le fo r a Pu r e h o r iz o n ta l d istu r b a lze e a n d e o n vec tiv el y sta b le fo r a v e r tical Pe rtu rb at io n
,

m ay b e u n sta b le fo r a slan t eo
nv

e e tiv e Per tu rb atio n a s lo n g a s the d istu rb a n ce 15 less til t

tha n the ise n tr o Pic su rfa e e (Z ha n g
,

19 8 8 )
.

Fo r d istu th a n ce s o f tra n sv er s al ty Pe o n th e syn o P
-

tie sea le s th e q u a si
一

g eo str o Phie E a d y m o d e s an d Ch ar n ey m o d e s a re g r o w in g w ith ti me w ith

th eir Ph a se s tilted w e stwa rd wi th heig ht (C ha rn 即
,

194 7 ; Ea dy
,

19 4 9)
.

Th
e a n al ysis in

Se etio n 11 Po in te d o u t that o n th e w av
e ban d s

,

w he re a ge o stro Phie w in d 15 im Po r ta n t
,

E q
.

(l) h
a s a so lut io n in fo rm o f hyPe r ge o me tri e fu n etio n s

.

B e

cau
se so lv in g th e tran

see n d en tal

e q u a tio n (7) b y itera tiv e m e th o d 15 tim e eo n su
面

n g
,

th e fo llo w in g w ill g ive th e r e sul ts

o b tai n ed by tw o n u m eri ca l teehn iq u e s
,

1
.

e
. ,

the m a tri x m eth o d an d sh o o tin g m e th o d fo r

th e Pha se sPee d s
,

g r o w th r a te s a n d the eh arac te ristie fl o w Pa tte r n s
.

Fo r a sim p le tra n sv er sa l p er tu rb a ti o n in (戈
, : )

一

Pla n e the strea n lfu n c tio n 劝 c a n b e

in tr o d u ce d to d ecre
a se the o r d er o f the eq u a tio n

.

L et 。= p
二 , 。 = 一 势

x ,

M
’
= 一夕aln 百/ 刁

: ,

N
’二 口乡In J/ 刁夕

, o p era te r V
’
~ a

,

/乡x
’
+ 乡

’

/灸
’ , a n d the b a sie fl o w b e

a lo n e a n d a n e la stie a s su m Ptio n 15 u sed
,

th e Per tu rb a tio n eq u a tio n s a f e

a fu n etio n o f 之

then w ri tte n a s

(备
十 U

悬)
v

Z

‘一 U
二 ·

‘一几 + “一 0
,

(备
十 U

悬卜
十“一”

,

(备
十 “

悬)
“一“

“· 十万
’

叭一 ”
·

A S S u
面

n g the fo llo w in g c ha r a c te r istic w a V e so lu tio n }
}

(1 0 )

\

!
!
l

|z

(势
, v ,
口) = R e 〔(岁

,
U

,
T )

e ‘h‘x 一 “‘’
(1 1 )

a n d s u b s titu tin g (11) fo r (10)
, a se t o f o r d in a ry d iffe

re n tia l e q u a tio n s in : a r e the n o b ta in
-

ed fo r eige n fu n eti o n s (梦
,
犷

,
T )

,

wh ieh a re fu r ther d isere tiz e d in 之 to Pr o d u ce a m a trix

e q u atio n

e

少古= 乡考 (1 2 )
w h ere e 15 the eige n v a lu e

,

考 th e ejg en ve eto r defi n ed by d ise r ete Po in t sets o n : e o o r d in a te
,
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2

少
a n d 乡 the e o m Plex m at r ice s e

on
sisti n g o f the Param

eters o f th e b asie fl o w M
Z ,

N
Z ,

f
,

th e w a v
en

u m ber k a n d the v er tic a l r es o lu tio n d
.

Un d e r the c o n str a in ts o f th e u p p e r

a n d lo we
r b o u n da 汀 c o n d iti o n

班 = 0
,

E q
.

(12) e
an b e d ir eetly so lv ed by u se o f the sta n d

-

a r d e o m Pu ter so ft w a r e
·

}
{

了 (10 一 4 5 一

(a)
飞

、

m e s o 一 m o d e

一户了
bJJ
.

了;轰
/ l \

l口 璐 压0 0 1 0 0 0 2 00 0

L ( k m )
50 0 0 10 00 0

口 ( 10 一5 5 一 l )
( b )

c
·

(m s 一 , )!
口 .
(20

一 4 5 一 , ) ( e ) C (m s一 , )

ct
/、、一产一三味

、 30

、、、
20 0

.

8
C r

钾. .
.

- X

ee
- ~ 汉

m e s o 一m o d e l0 0
.

4

们、e S O ,

m o d e

E a d y 一 m o d e Z

l0 2 0 4 0 60 1 00 2 0 0 2 50 1 0 2 0 30 1 0 0 3 0 0 IO0 0 3 Of)0

石 ( k m )

F ig
.

4
.

(a) T he

6
.

2 5

Se n tS

in s ta bility sPe c tr a lcur
ve s a ,

b
, e ar e fo r th e baro

e lin ie fl o w w itfi R ‘~ 0
.

6 2 5
,

a n d 2 5
,

re sP ec tivel y
.

Th
e se t o f e

urv
es o n the r ig h t h a n d s id e re Pr e

-

E a d y m o d e s
,

w h ile tha t on
d = 0

.

5 k m
,

the ex te n t o f the bas ie

U ~ 0一40 m /s.

the left s id e re Pre sen ts m es o sc a le mo d e s
,

flo w an d th e in te gr a tio n d o m a in H 二 1 0 km
,

(b )
o f m es o sca le m o d e s (n o tie e th a t th e

th a n th a t u se d in Fjg
.

4 a ) R ‘二0
‘

6 2 5
,

(c )

T he g ro w th r a tes a n d Ph a se sPee d s

u n its of th e e o or d in a te ar e 10 tim e s lar g e r

H = 10 km
,

d = 0
.

2 5 k m
,

U = 压一40 m / 5
.

The 盯o w th r e te s an d Ph a se S Peed s fo r

me
so se al e m o d e s a n d E a dy m o d e s

.

R ‘二 0
.

6 25
,

H = 2 k m
, .

d 二0
.

05 k m
,

U 二O一
~

s m / 5
.

T he a bs cissa in die a te s

w a v elen g th
, u n its in k m

.
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Fig
.

4 sh o w s the in st ab i五ty sPec tr a o b ta in ed by m a tr ix m e tho d fo r R
, = 0

.

6 2 5
,

6
.

2 5

a n d 2 5 (U
二 二

二 0 )
.

T he sPe ed o f the b a sie fi o w Iin ea r ly in c re a ses fr o m 0 to 4 0 m/
s w ithin

the in te g ra tio n d o m a in z = 0一 10 km
.

A sta g g e rin g seh em e 15 u s ed fo r a rr a n g em e n t o f

口 ,

口 a n d 劝 w ith d = O
·

5 km a n d o
·

2 5 k m fo r 20 a n d 40
一

le ve l m o d el
, r e sPe etiv ely

.

T I飞e s e ts o f m o d e s a r e o b ta in ed fr o m the e ale u latio n s : E a d y m o d e s a n d m es o sea le in e r tial

g r a vity m o d e s
.

T he g r o u P o f cu
r v es o n the r ig ht h a n d sid e in Fig

.

4 a in d ie a tes the g ro w th

r a tes o f E a d y m o d e s
.

A s R ‘ d ee re ase s th e in sta bility sPe c tr a shift to th e left (
“v io let

shift
”

) w ith a sh o r te n ed w a v elen g th an d a n e

lili
a n ee d g ro w th r a tes a ‘一 寿e

;
.

In o r d er to

v e r ify the a e eu r a ey o f the m a trix m etho d th e the o r etiea l so lu tio n o f E a dy m o d el 15 als o

e o m Pu ted fo r th e sa m e Pa r a m ete r s (E a dy
,

19 4 9)
.

T he g r o w th r a tes ar e sh o w n in Fi g
.

4 a

by th o s e Po in t s w h ie h a re e lo se t o the e u rv e b
.

T his im Plie s a su ffi ci en t a ee u r a ey o f the

m a t rix m e th o d fo r c ale u la tio n o f E a dy m o d e in a 2 0
一

lev el m o d el
.

T h e tru n e atio n w a ve
-

le n g th o f c u r v e a 15 a b o u t 10 0 0 km fo r R ‘= 0
.

62 5 a n d the ma
x im u m g r o w th r ate

,

w h ieh

e o r re sPo n d s to a n e 一fo ld in g tim e a r o u n d 12 ho u r s , a PPea r s at the w a ve len g th a b o u t 18 8 0

k ln
.

A ee o r d in g to T o k io k a
, 5 e stim a te (19 7 1)

,

th e m a g n itu d e o f R ‘ o n the M
eiyu fr o n t

15 a b o u t 0
.

4
.

H e o bta in ed a w av
elen g th o f m 初mu m g r o w th ra te a b o u t 12 5 6 k m in a 30

-

le ve l m o d e l fo r a ba sic fl o w o f R ‘= 0
.

4 an d a she ar la yer o f 4 km in its v er tie a l ex ten t
.

T he re su lts o f the eo m Pu tati
o n o

bv io u ly de Pe n d uP
o n R ‘

an d the th ie k n e ss 万
o f the

sh e a r la yer
.

In o r d e r to eh eek the a c c u ra cy o f e o m Pu ta tio n fo r
cu

rve a ,

th e sh o o tin g m eth o d

o f h ig h r es o lu tio n (d = 10 m ) 1
5 a lso u se d t o so lve th e tw o一o in t b o u n d ary v a lu e Pr o b le m

o f E q
.

(l) by
u se o f e u

rve
a a s th e in itial g ue ss

.

Th
e ea lc ul a ted g r o w th r a te s fo r the sa m e

Par a m et er s are m arke d in Fig
.

4 a by “ x ” ,

w hi ch are ve ry cl o se to the re sul ts o f 2 0
-

lev el m o d el so lve d 勿 m a t血 me th o d
.

T hi s in d ie ates th at the ve rt ical re so lu ti o n fo r e al eu la
-

tio n s o f E a dy一o de 15 su ffi ci en t wi th i
n the r

an ge o f m eso
一
a sea le s

.

It 15 in tere stin g to n o ti co so m e si m ila ri ties o f th e a b o v e re su lts to tho se in e o m Pu ta tio n

o f g eo str o phi e m o d es
.

K u o (197 9) h
a s o btain e d m o r e tha n o n e set o f in stabili ty sPee tra

fo r the gr o wi n g u ltra
一

lo n g w a v es b eyo n d th e Io n gw
a ve eu t

一o ff o f Ch a rn ey m o d e s
.

In the

a b o v e c aleu la tio n s m o re th a n o n e se t o f m es o sca le ag
eo str o Ph ie in sta b ility sPe etr a bey o n d

the sho rt w a v e e u t
一
o ff o f E a dy

一

m o d es 15 a lso o bta in ed a s sh o w n in Fig
.

4 a
.

E印e eia lly
,

w he n R
‘
15 sm a ller tha n o n e ,

the 柳ho le m
e so 一

刀
sea le s ra n g in g fr o m Z仔一500 k n l a r e a ll

u n sta b le
.

U n lik e E a d y
一

m o d es
,

th e c o m Pu ta tio n o n m e so se ale b a n d s 15 ex tre m ely sen sitiv e

t o tli e v er tiea l r e so lu tio n
.

T h e in te g r a tio n d o m a in o f E q
.

(l)
c o n ta in s o ni y o n e sin g u la ri ty

at syn o p ti e seal es b u t in cl u d es th re e sin , lari ti e s a t m eso sea les
,

w hich
e o rr e sp o n d in gl y

re q u ir es hig h r e so lu tio n in the v e rtiea l
.

A se r ie s o f n u m er ie al e x Per im e n ts of d iffe re n t

r e s o lu tio n s fo r R
‘= 0

.

6 2 5 sh o w tha t the sim Plest tw o 一

lev el m o d el 15 ab le to Pr o d u ee

E ad y
一

m o d e s
,

b u t it lo ses m e so sea le in sta bili ty a t a ll
.

T he fi v e
一

le ve l m o d el ea n Pro d u e e w ea k

in sta bility o n m eso se ales
.

T he 2 0
一

le v el m o d e l fu r the r re su lts in a sig n ifi ea n t in sta bility
sPee tr u m a t m es o se ale s a s sho w n in Fig

,

4 a
.

In a 4 0
一

leve l m o d el the e o m Pu te d a i 15

g re atly in c re a sed w ith a m a x im u m v a lu e shift e d to w a rd s th e “ho厂t
e r w a v es

·

Th
er e 15 n o

sho rt w av e eu t
一o ff a t the w av e le n g th a b o u t 20 k m

,

w h ic h o ee u rre d in the 2 0
一

le ve l m o d el

a s a e o m Pu ta tio n al eu t
一o ff. T he e 一fo ld in g tim e g iv e n by the 4 0

一

leve l m o d el 15 a b o u t 3一礴

h o u r s , eo r resPo n d in g to a a i m u eh
_

la rg e r tli a n th at o f E a dy
一

m o d e
.

Th
e Ph a se sP e ed s

a re b etwe
en 2 0一3O m /

s ,

hig her tha n the v er tiea lly a ve ra ge d w in d sPe ed
.

Ac
e o r d in g ‘to

K u o , 5 ex Pe rien c e
(19 85 )

,

the s o lu tio n h a s little eha n g e s w h en th e n u m b er o f leve ls eh a n g es

b etw ee n 5 0一 10 0
,

im Plyin g tha t the so lu tio n 15 a PPr o a ch i
n g e o n ve rg en ee

.

In o r d er to fu rth
er

e la rify th e im Pa e t o f th e v er tiea l r eso lu tio n o n c o m Pu tatio n s a t m eso sea les w ith o u t
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in e re a sin g the r e q u ir e一n e n t fo r e o r e sto ra g e o f e o m Pu ter s
,

the 40
一

lev e l m o d el 15 st江1 u sed

b u t w ith a sm a lle r v er tiea l d o m a in o f 2 k m a n d a r e s o lu tio n d = 0
.

0 5 k xxl w hic h 15 10 tim e s

h ig h er tha n tha t u sed in Fig
.

4 a
.

T h e r esul ts ar e sh o w n in Fig
.

4 c
.

T he b i
一

m o d e in sta bility

sPe etr u m 15 a g a in o b tain 印 w ith its le ft h a n d sid e re Pre se n tin g the m eso se ale m o d e s a n d

the rig ht ha n d sid e th e ag e o str o Ph ie E a d y m o d e s o eeu rr in g o n the m e so se a le s
.

T h e

e o m Pu ta tio n al sho r t w a v e c u t
一o ff n o lo n g er a PPea r s b e ca u se o f the in c r ea sed r e so lu tio n

.

T h e b e ha v io r o f a ‘ a PPr o a c hin g t o sa tu ra tio n b ea r s a sim ila r ity t o the sPee tr a l b ehav io r

o f th e sym m e tr ie in sta bility
.

M o re o v er ,
th e sPee tr a o f E a d y

一

m o d e s a n d the m e s o sea le m o d es

a ll shi ft t o the sh o rt w av
e sid e sin e e the v e r tiea l e x ten t o f th e sh e a r la yer h a s b ee n sig n ifi

-

ea n tly r ed u eed
.

In ea se o f lo w r eso lu tio n (d = O
·

5 km ) the g r o w th r a te o n m e so se a les

15 a b o u t 1
.

5 tim es la r g e r tha n tha t o f the E a dy m o d e s in their m a x im u m v a lu e s (Fig
.

4 a )
.

In e ase o f hi g h re s o lu tio n (d = 0
.

0 5 k m ) the m a x im u ln g ro w th r a te o f th e a g e o s tr o Ph ie

m e so sea le m o d es 15 ab o u t 3
·

6 tim es la rg e r tha n th a t 夕f E a d y m o d e s a t syn o p tic s c a les
.

S u eh a la r g e g r o w th r ate 15 n eee ssa ry fo r the d ev elo Pm en t o f m eso sea le d istu rb a n c e s
.

It 15 at le a st o f so m e c o n fi d en c e fr o m the a b o v e c a le u la tio n s a t d iffe
r e n t r e so lu tio n s

th at th er e e x ist “ sh al lo w
, ’ o r “m o ist

, ’

E a dy m o d es a t the m e s o 一
a se a le s (fo r sm a ll H

a n d

R ‘
)

, a n d th e a g e o str o Phi c in er tia l g ra v ity m o d es a t th e in er tia l s c a le s fr o m te n s t o h u n d r ed s

o f k ilo m e te r s
.

T heir g r o w th r a tes a re sm a ller tha n th o se o f eo n v e e tio n s in a sta tie u n stab le

a tm o sPh er e bu t a re la r g e r th a n tho se o f the q u a si
一

g eo str o Phie E a d y
一

m o d es
.

V
.

S T R U C T U R E O F T H E C H A R A C T E R IS T IC W A V E A N D E N E R G Y C O N V E R SIO N

T h e Pr o Pe r ty o f en er g y e o n v er sio n s ea n b e d eterm in e d fr o m the str u etu r e s o f th e e ha
-

r a ete ristie w av e s a n d o f the b a r o elin ie ba sie fl o w
.

In a she a r fl o w w itho u t r o ta tio n th e

k in e tic en e rg y o f the b as ie fi o w 15 the u n iq u e so u r c e o f en e rg y fo r th e d ev elo Pm en t o f th e

d istu rba n ee s : w hile in a sh ea r fl o w w ith r o tat io n th e a v a ila ble Po ten tial e n er g y su PPo r ted

by the r o ta tio n o f the syste m e a n be a n o the r m aj
o r s o u re e o f e n er g y fo r the g ro w th o f

the d istu rb a n ee s
,

T he Pr e vio u s in v e stig a tio n s sho w th a t E a d y
一

m o d e s o n syn o Ptie sea le s

a re su PPo rte d b y the la tter so u re e ,

w h er e a s the sm all se ale in sta b ility o f a she a r fl o w 15

su PP o rt ed b y the fo rm
e r s o u r ee

.

T his s e c tio n w ill a n alyz e th e str u e t u r e o f the e ha ra e ter is
-

tie w a ve s a n d the e n e rg y s o u ree s fo r the g r o w in g d istu rb a n e es o n m e so se ale s
.

T he fo r m u la s

fo r en er g y e a lc u la tio n h a ve be en g iv e n in th e fi rst Pa r t o f the Pr ese n t PaPer (Z ha n g
,

19 8 8)
.

T li e str u etu re o f E a d y m o d e o f w a v elen g th 2 0 00 k ln 15 sho w n in Fig
.

5 fo r R ‘=

0
.

62 5 (e
o rr e sPo n d in g t o the Po in t 0 in Fig

.

4 a)
.

T h e e ig en fu n e tio n a n d eig e n v a lu e a re

sim u lta n e o u sly o b ta in e d by so lv in g E q
.

(12 )
.

Fig
.

5 d e lln e ate s the m aj
o r fe a tu r e o f E a d y

m o d e : the v er ti e a l v elo eity r ea ehe s its m a x im u m in the m id d le lev el
,
the tr o u g h lin e a n d

th e r id g e li n e (the lin es w h ie h sePa r a te th e so u th e rly a n d n o r th er ly) sla n t w estw a r d w ith

in er ea sin g h eigh t
.

T h e tem Pe r atu r e d istu rb a n e e ha s a Ph a se la g in r esPe e t to th e w in d

Pe r tu rb a tio n
, 刀 a n d 阴 a re P o sitiv ely e o r r ela ted w hile u a n d w hax,

e a n e g a tiv e e o r r ela tio n
.

Su b stit u tin g th e so lu tio n o f the ch
a r ae teri stic w a v e in t o the e n e rg y eq u a tio n s

,

w e o b ta in

the r a tio r = <户
,
P

‘

>/ <万
,

K
‘

> w hic h 15 ab o u t 100
,

iin plyin g tha t the E ad y
一

m o d es a r e b a r o
-

e lini ea lly d o而
n a te d in n a tu re

.

Fig
.

6 sho w s th e stru e tu r e o f the a g eo str o Phie m eso sea le m o d e w ith w av elen g th 10 0 k m

(the Po in t 0 in Fig
.

4a)
,

the b o ld so lid a n d d a shed lin e s r ePr e sen t stre a m fu n etio n in the

(戈
, :
)
一

Plan e , a s a w h o le w h ieh 15 sim ila r to the “c a t eyes
, ,

fl o w Patte r n o b ta in ed in a n

ir ro ta tio n al sh ea r fl o w w ith f = 0 (Fig
.

3)
, ex eePt tha t the d istu rb a n ee s a re m o r e e o n ee n tr a t

-

e d in the lo w er Ia ye r
, esPee iall y w ith a r aPid d e ere a sin g o f v a n d 0 w ith he ig ht

.

R e een tly
,
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F ig
.

5
.

T h e str u e tu r e o f the E a d y
·

m o d e jn

(x
,

习
一

Pla n e .

T he bo ld s o lid a n d

d a she d lin e s ar e iso Ple th s o f s o u the r

a n d n o r th er w in d sP e e d s ,
the th in

lin e s a re fo r the P o s it iv e a n d n e -

g a tiv e t e m Per a tur e p e r tu r b at io n s ,

re s Pec t ive ly (u
n its are ar 玩tra ry)

.

T he

m ax im u m a sc en d in g a n d d e sce n d in g

m o t i o n s ar e m ar k e d by the b o ld

a rr o w
.

H 一 1 0 km , R i = 0
.

6 2 5 , L -

2 0( 刀 k m 勿o in ts 又 i n F ig
.

4a)
.

1
了19

.

6
.

T h e s tr u e t u r e o f th e a罗o stro p h ie m e so se a le

e ig e n ln o d e
.

Th e bo ld ,

m ca
n a n d 之h矛n ljn e s

a r e the i so ta e h e s fo r s tr e a m lln e ,

a n d

T he

m e r id io n a l w i n d spe e d
,

tc m Per a tu r e

re sP e e t iv e ly
.

so lid I in e s a re Po sit ivc
, a n d the d a sh e d

o n e n eg a t iv e
.

T he P o sit iv e a n d n 铭a t ive

tem P e ra t u re 卿
之e rs a r e m a r ked 妙 W

,

C
.

R i = 0
.

62 5 , L 二 10() K m (Po in t 0 in F ig
.

4 a )
.

K u o a n d Se itte r (19 8 5 ) h av e a ls o e al e u la te d th e str u e t u re s o f the d is tu r b a n e e s fo r a n a tm o s
-

Phe re o f Pa r tly u n s ta ble s tr a t沮cat io n ,

w hi e h a re a ls o fe a t u re d b y a ra Pid d a m Pin g

o f 戈 a n d 口 w ith he ig ht
.

T he d ist rib u tio n s o f d iv e r g e n ce a n d e o n v e r g e n e e c an b e d e d u ee d

fr o m s tr e a m fu n c tio n in F ig
·

6 ba s e d o n : : = 沪
二 a n d w = 一沪

二 , a n d th e v o r tici ty 乙= a v / a,

m ay b e d e r ive d fr o m v
.

T h e r e fo r e th e
‘

fo ll o w in g s tr u c t u r e s e q u e n e e in the 劣
一

di re e tio n

15 o b ta in e d : e o n v e rg e n ee
~
一一) a n tie ye lo n e ~ ee es ) d ive r g e n ee

-
we ee ) e ye lo n e

.

A b o v e th e c e n te r o f the lo w e r “ e a t e ye , , , e o n v e r g e n e e e han g e s sign w hi le ” k e e Ps it s

sig n t o b e u n e ha n g e d
,

w hie h fo rm s an in v e r se d st ru e tu r e s e q u e n e e
.

o n the s e a le o f hu n
·

d r e d s o f ki lo m e te rs th e in e r tia l g r a v ity w a v e s fo r m a n alte rn a tiv e d is tr ib u tio n o f th e m e s o s

cal
e

e e n te r s o f d iv e r g e n e e a n d v o rtie ity b e e au s e o f th e e ffe e t o f f
,

w hi 味 m ay 郎n e r a te me
s o s e a le

d ist u r ba n c e s o f t ra n sv e r s a l typ e in the lo w e r t ro p o sp he r e a s sho w n in Fig
.

1
.

A b e tt e r p i。

tu re m a y b e o b ta in e d w h e n th e sa m e e a lcu la tio n 15 a Pp lie d to the r e a lis tic w in d Pr o fi le s

in st e a d o f th e id e a l lin e a r Pr o fi le
.

T he
e n e rg y Pr o Pe rt ie s o f the a g e o str o Ph ie m e s o sca le m o d e s ar e d i价

r e n t fr o m tho s e o f

E ad y
一

m o d e s
.

B y su b s titu tin g th e e ige n s o lu tio n o f E q
.

( 12 ) in t o the e n e rg y e q u a tio n s fo r

a w a v e le n g th o f 10 0 k m
,

th e e ale u la te d r a tio : = (户
,

P
’

>/ (了
,

K
’

> 15 a b o u t s
,

1
.

e
.

b o th
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ter m s o f en er g y e o n v er sio n s a re o f the sa m e o rd er o f m 铭
n itu d es

.

H o w ev er ,

the en erg y

Pr o Per ti es a re q u ite d iffe
r en t w hen e o m Par e d w ith a n ir r o tat io n al syste m

.

In a system

w ith o u t r o ta tio n
,
the c o n v e rsio n te rm <户

,

P
,

> = 0
, a n d h en e e r = 0

.

T h is in d ie a tes tha t

the m e so se a le D er tu rb a tio n 15 m o r e likelv to d ev elo p in a b a r o cl in ic b a sie flo w tll an in a

ll u ld system w ltn o u t r o t跳lo n
.

l ll e slg n ln c an t P o sltlv e c o r re la tlo n In 气v
,

以) an
a t n e n e g a一

tiv e e o r rel a tio n in (u
,

田) a re b o th fa v o r a ble to the en e r g y c o n v e rsio n s fr o m the b a sic fl o w

to w a r d the d istu r b a n ee s
.

V l
.

C O N C LU D IN G R E M A R K S

In o rd er to in terp re t d istu r ba n c es Pr o Pa g a tin g a lo n g the b a sie flo w o n the m e s o 一

t o
-

m ed iu m sea le s
,

E a dy m o d e l 15 g en er alize d to a g eo str o Ph ie r eg im e
.

T he m e so sea le in sta bil
-

ity sPee tr a a r e fo u n d beyo n d the sho r t w a v e c u t
一 o ff o f E a dy m o d e l

.

E a d y
一

m o d e s m a y

ex te n d to the m e so 一a w a v e b a n d
,

keeP in g a q u a si
一

ge o str o Ph ie fe a tu re
, a s lo n g a s the v e r tic al

e x te n t o f the shea r Ia yer 15 sm all o r R ieha r d so n n u m ber i考sm a ll
.

W h il
e o n the in er tia l sea les

o f a fe w te n s to h u n d r ed s o f kilo m ete r s
,

th e fa stest g r o w in g m o d e Po sse sse s the Pr o Pe r ty o f

the in er tial g ra v ity w av es w ith a g r o w th r a te a b o u t 4 time
s la rg er th a n that o f E a d y

一

m o d e
.

Su e h a la rg e g r o w th r a te m ay b e a b le t o g e n e ra te v e r tieal v elo eity a n d lo w lev e l c o n v e r-

ge n ee o f su ffi ci en t in te n sity
, a n d h e n e e t o serv e a s a dyn a m ie 一n ee ha n ism fo r tr ig g erin g a n d

o rg a n iz in g th e d e eP e o n v ec tiv e c lo u d s
.

T he Pre sen t Pa Pe r 15 11而te d to d iseu ssin g the tra n sv e rsa l d istu r b a n ee s o f the m e s o sc a les

w ith the sim Ple st m o d el o f Pr o to tyPe
.

In o rd er t o in terPr et the Pr o Pag a tin g m es o s c a le d istu r b
-

a n ce s a lo n g th e “M eiyu
, ’

fr o n t a n d a lo n g th e lo w Ie ve l je ts a s w e ll a s th e m eso se a le

grav ity w a v es Pr o Pag a tin g in to th e str a to sPh ere a n d m eso sPh er e fr o m the tr o Po Pa u se je t

str ea m
,

m o r e e alcu lat io n s o n a v a r iety o f r ea listie situ ati
o n s a r e e x Pect ed

.

R E FE R E N C E S

C h a rn ey
,

J
.

G
.

(19 4 7 )
,

T h e d扣am ie s o f lo n g w a v e s in a ba ro elin ie
,

w e ste r ly e u rr e r t ,

J. M七teo r
. ,

4 : 3 5一16 2
.

E a dy
,

E
.

T
.

(19 49)
,
L o n g w

ave
s a n d eyc lon e w a v e s ,

Te llu
s ,

1 : 3 3一5 2
.

K u o ,

H
.

L
.

(1 9 7 9)
,

Bar o e lin ie in sta b ilitie s o f lin e a r a n d je t P
r o fi les in th e a tm o s Ph ere

,

J. A r,矛了0 5
.

Sc i.
,

3 6 :

2 3 6 0一 2 3 7 8
.

K u o ,

H
.

L
.

a n d Se itter
,

K
.

L
.

(198 5)
,

功sta bility o f sh eer in g g e o s tr o Phie e u rr en ts in n e u tra l a n d Pa rtly

un sta b le a tm o SP here
s ,

J. A tm os
.

灸l’.
,

42 : 33 1一34 5
.

L Illy
,

D
,

K
.

(198 3)
,

Stra tlfi e d tur b u le n ce an d the ro eso se a le v a r ia b iliy o f the a tm os ph e re
,
J. A r, ,诬0 5

.

S e i
. ,

4 0 : 7 4 9一7 6 1
.

o g u ra
,

Y
.

e t a l
.

(1 9 82)
,
Po ssib le 介 ig g e rin g m ech a n ism s fo r se v e re sto r m s in SE SA M E

一

A V E IV (9一10 M a y

19 7 9)
,

Bu ll. A阴 e r
.

五夕七te o r
.

SO
e

. ,

63 : 50 3一5 1 5
.

Pr akk i
,
5

.

e t a l
.

(1 9 82)
,

Su b
一syn o Ptie sc a le ba r o e lin ie jn sta bility

,

J. A rn ,
05

.

Sc l’.
,

39 : 1 0 5 2一1 0 6 1
.

S to n e
,

P
.

H
.

(19 66)
,

o n N on
一

郎o stro Phie b ar o clin ie s ta bility
,
J. A rm os

.

S c i
,

23
: 3 9 0一4 0 0

.

Sto n e
,

p
.

H
.

(1970)
,

o n N o n 一

邵o str o ph ie bar o e lin ie s ta bility
,

p a rt 11
,

J. A加05
.

Sc i.
,

2 7 : 7 2 1一7 2 6
.

T o k io k a
,

T
.

(19 7 1)
,

S u p p lem en t to n o n ~
g e o stro ph ie a n d n o n 一

h yd r o sta tie sta b ility o f a ba r o e lin ie fl u id a n d

m ed iu m
一s ea le d istur ba n e es o n the fr o n ts

,

J. 入倪teo
r

So
e

.

了如a n ,

49 : 1 29一1 3 2
.

Z ha n g K esu (1 9 8 8)
,

M e so sca le in sta b ility o f a ba s ie ba r o e lin ie fl o w二 es se Pa rt l : sym m e tr ie in s ta b ility
,

A cta

八少砂t
.

s ,n
. ,

2 : 1 3 5一1 45
.


