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S T U D Y O F PH Y S IC A L PR O C E S S E S A FFE C T IN G T H E

T R A N S FO R M⋯A T IO N O F C O L D A IR O V E R L A N D

A FT E R O U T B R E A K O F C O L D W A V E S

IN E A S T A S IA

Zh
a 口 Q ia ng (赵 强)

N a ti o n a lR e sea r e h C en te r fo r M a rin e E n v ir o n m en t F o ree a sts ,

Sta te O eo a n ie A d m in istr a tio n
,

B e
iji

n g 10 0 0 8 1

a n d D ing Yl’h
u i (T 一汇)

Ch in e se A e a d e m y o fM e te o r o lo g ie a lSc ien e e s
,

B e
iji

n g 10 0 0 8 1

R eee iv e d Ju ly 1 8
,

19 9 1

A B ST R A C T

A u tho r s ha v e stu d ie d the t r an sfo rm
a tio n P r o ee sse s o f eo ld a ir o v e r la n d in Ea st A sia fo r e ig l一t e a ses w hieh o e eu r re d

in d iffe
r e n t m o n ths o f 1 9 8 1

.

Fir st
, the su rfa 沈 ed d y sen s ib le a n d la te n t h ea t fl u x e s

,
a n d d r a g eo effi eie n t w e r e es tim a te d

a ee o rd in g to the aPPr o a eh o f sim ila rity the o ry
.

T h en , the a PPa r e n t hea t so u rc e
,

the a PP a r en t m o istu r e s in k
, a n d so la r

a n d lo n g一w a
ve

ra d ia tiv e he a tin g (o r eo o lin g ) w ere fu rthe r e a lc u la ted thr o u g h the b u d g e t m e th o d a n d Phys ie a l

P a r a m e te riz a tio n a lg o ri thm
.

It h a s b e en fo u n d tha t the eo ld a ir im m e d ia tely sta r ts the tr a n sfo rm
a tio n Pr o ce ss o v er la n d

o n ee it m o ve s a w a y fr o m its r eg io n o f o rig in
.

In w in te r , the d e g r ee o f tra n sfo rm
a tio n o f eo ld a lr m a ss g r ad u a lly in te n si

-

fi ed a s it tr a v e lled so u thea s tw a rd : w hi le a r riv in g in the o e ea n , the eo ld a ir m a ss u n d e

rw
e n t th e m o st s ig n ifi e a n t tr a n sfo r

-

m a tio n P r o c e ss
.

In su m m e r , the m o s t v ig o r o u s t r a n s fo rm a tio n o f the

rm
a l a n d m o ist u r e fi e ld s w as o b se r v ed in N o r th

C hin a a n d M o n g o lia n r e g io n ,

w ith m u e h g re a te r in ten sity tha n th a t in w in te r
.

K ey w o r d s : eo ld a ir
, a ir m a ss tr a n sfo rm

a ti o n ,

la n d一a tm o sPh er e in ter a e tio n ,

d ia g n o stie a n a lys is

1
.

IN T R O D U C T IO N

T h e Sibe r ian h igh 15 a kin d o f c o ld hig h th a t 15 situ a ted in the een tr a l a n d ea ste r n Pa r t o f

Sibe ria a n d N o rth M o n g o li a
.

A s th e eo ld hi g h m o v es fr o m its so u re e a r ea to the E a st A sia n

eo n tin en t a n d the W ester n Pa r t o f th e Pa eifi e o ee a n
,

the d ry c o ld Po la r a ir 15 g r a d u a lly m o d ifi ed

by th e n ew u n d e rlyin g su rfa ce
.

In th e w in te r tim e ,

th e m o d ifi c a tio n o v er the E a st C hin a Se a 15

re m a rk a ble d u e to in ten se se n sible a n d la ten t h ea t su PPlie s
.

T his Pr o blem w a s ex te n siv ely stu d
-

ie d b y m a n y a u th o r s d u r in g th e a ir m a ss tr a n sfo rm
a tio n ex Pe r im en ts (A M T E X ) th a t w e re c o n

·

d u c te d in 1 9 7 4 a n d 19 7 5 (A MT E X
’

74 a n d A M T E X
’

7 5)
.

T h e re su lts o f the tw o e x te n siv e ex Per
-

im e n ts in d ie a ted th a t .t o tal a m o u n t o f se n sible a n d la ten t he a t su PPlie s fr o m th e K u r o sh io e u r
-

r e n t to the a tm o sp he re r e a ehe s 80 0 w m
一 2 d u r in g the e o ld a ir o u tb r ea k s ,

w 址le in the o the r tim e

the a m o u n t 15 ab o u t 17 0 w m
一 , o n ly (L e n c ho w a n d A g ee

,

19 7 6 : N itta an d 5 0
,

19 8 0)
.

It 15 e le a r

tha t in w in te r th e e o ld a ir tr a n sfo rm
a ti o n Pr o ee sse s o v er the se a su rfa e e a r e v e ry in te n se

.

H o w
-

e v er ,

th e eo ld a ir tr a n sfo rm
a tio n Pr o c e sse s o v er the E a st A sia n eo n tin en t w e re n o t stu d ied d u r

-

in g th e tw o e x Pe rim en ts
.

B y u sin g c o m Po site lr 比th o d fo r 19 ea ses o f str o n g Sib e ri a n hig h s tha t

w e re se le c te d fr o m d a ta se ts c o v e rin g 5 w in te rs
(19 8 0一 19 84 )

,

D in g a n d K r ishin a m u rti (19 8 7 )

in d iea te d tha t th e tr a n sfo rm
a tio n Pr o ee sse s sta r t a etu a lly o v e r the e o n tin en t

,

tha t the in ten sity

o f th e m o d ifi e a tio n o v e r the e o n tin e n t 15 a b o u t o n e thi r d o r o n e fo u r th o f th a t o v e r th e
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oce
a n a n d tha t the m o d ifi e a tio n Pr o ee sse s e an be d iv id ed in to d iffe

r en t stag e s
.

H o w e v er ,

th eir re
-

s u lts w e r e m a in ly o b ta in e d fr o m r esid u a lea lc u la ti o n by u sin g h ea t bu d g e t e q u a ti o n
.

T h ey d id

n o t ea lc u la te tu r b u le n t Pr o e esses d ir ee tly a n d d记 n o t d iseu ss th e c o n d itio n in o th er se a so n s
.

5 0

th e stru etu r e an d the tr a n sfo rm
a tio n o f th e e o ld a ir in su m m er o r in o the r sea so n s are n o t ve ry

elea r ye t
.

T he o
bj

e etiv e o f th e Pre sen t Pa Per 15
,

b a se d o n Pr ev io u s stu d ie s , a im ed to e a le u la te d irec tly

tu rb u len t tr a n sfe r o f sen sib le a n d la te n t he a t an d o th er d ia ba tie he a tin g (eo o lin g )Pr o e esses o f

e o ld hig h s a t d iffe
re n t sta g es a n d in d iffe

re n t sea so n s o f a yea r in o r d er to m a ke a th o r o u g h a n d

e a re fu l stu dy o f the tr a n s fo rm
a tio n o f the e o ld a ir o ve r th e e o n tin en t a ft e r its m o vi n g so u th

-

w a r d s fr o m its so u ree a r ea
.

T his 15 v ery u se fu l to u n d er sta n d th e v a ria tio n o f in ten sity a n d th e

th e

rm
o dyn a m ie e h a r a e ter isties o f the e o ld a ir o r th e e o ld hig h

.

11
.

T H E S E L E CT IO N O F CA SE S A N D D A T A

Sib e r ia 15 the re gi
o n o f m o st sig n ifi e a n t hig h a e tiv ity

.

In o r d er to stu d y the Pr o ce sse s o f g e n
-

er a tio n ,

d ev e lo Pm en t a n d tr an sfo rm
a tio n o f dry a n d c o ld Sib eria n hig hs

, e a ses e o u ld be selee ted

fo llo w in g the h ig hest Pre ssu r e v a lu e s o f their e en te rs
.

D in g a n d K rish in a m u r ti(19 8 7 ) fo llo w ed

the sa m e e rite rio n in their w o r k
.

In a d d itio n to h igh in ten sity
,

w e also e o n sid e r th e

re Pre se n ta tiv en ess o f hig h tr a ek s
.

A e c o r d in g to the sta tisties o f 10 1 ea se s o f e o ld hig h s d u rin g

19 80一 19 84 b y D in g a n d K r ish in a m u r ti
,

the e o ld high
s ten d to m o v e a lo n g th r ee m a in tr a ek s

(see F ig
.

l)
.

A m o n g th em
,

th e fi r st tr a c k
, e a lled n o r thw e st tr a c k

,

15 the m o st fr eq u en tly o b se r v ed

o n e a n d a cc o u n ts fo r a b o u t 6 4 % o f th e to t a ltr a c k s
.

In the Pr esen t stu dy
,
a ll 8 selee te d c a ses m o v ed a lo n g th e n o r th w es t tr ac k

.

In o r d e r to m a k e

a c o m Pa r iso n b etw een e ha r a e ter istie s o f c o ld hi g hs in d iffe
re n t sea so n s ,

w e se le c te d a lm o st the

s a m e n u m b er o f c a se s in ea e h se a so n fo r
an

a lysi s
,

B e ea u se the su rfa e e Pre ssu re a t the ee n te r o f

anhi

e o ld h ig h v a ries g r e a tly fr o m

be e o r r e sPo n d in g ly eh a n g e d

o n e sea so n to a n o the r
,

th e erite r io n u se d in se le etin g c a ses sho u ld

in d iffe
r en t sea so n s

.

G e n er ally
,

ea ses tha t be Piek ed o u t in

stu dy a llha v e the hig he st Pr essu re a t th e e en ter in the eo r re sPo n d in g sea so n s (se e T a b le l)
.

廊廊廊蒸蒸
一一一

乍乍乍乍乍

馨馨馨馨馨
纹纹纹纹纹

导导导导导
““““二二

F ig S eh em a tie m ap o f rr a ek s o f the S ib e r ia n hig h a n d d iv isio n o f the r e g io n u n d e r stu d y (a ft e r D in g

K rish in a m u r ti
,

19 8 7 )
.
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T a ble 1
.

T h e S ele eted 8 C a se s o f C o ld H ig hs in 1 9 8 1

C a se s Perio d M a x im u m ce n tr al Pr es su r e (hPa )

Ja n
.

18一2 9

F e b
.

2 3一2 8

M a r e h 2 2一2 8

M a y l一 5

Ju n e 1 5一 18

A u g
.

3一6

S eP
.

2 5一 30

N o v
.

2 9一D e C
.

4

10 8 5

10 5 5

10 4 5

10 4 5

10 15

10 2 5

10 3 0

10 6 0

W
e u se d the r eg io n a l eo m Po site m e th o d in w h ieh fo u r d iffe

r en t stag e s o f th ese so u th w a r d

m o v in g eo ld h ig hs a r e re Pre se n te d by fo u r d iffe
r en t r eg io n s 5 0 a s to in v e stiga te d istin e tiv e fe a

-

tu re o f eo ld hig h in e ae h Pha se o fits life e yele
.

A m o n g the fo u r r eg io n s (b o x es)
,

the fi r st (B o x l)

15 Sibe r ia a n d N o r th M o n g o li a (8 0
0

一 1 1 5o

E
,

4 5
0

一 5 5
0

N ): the see o n d o n e (B o x Z) 15 th e n o r the r n

Pa r t o f C hi n a (9 5
0

一 13 0
o

E
,

3 5
0

一 5 0
0

N ); the thi r d o n e (B o x 3) 15
c en tr a l a n d So u th C hin a (10 5

0

一 12 2
0

E
,

2 0
0

一3 5
o

N ): a n d the las t o n e (B o x 4 ) 15 o v er th e se a r egi
o n (12 2

0

一 14 5
o

E
,

2 0
0

一 4 0
o

N )

(se e Fig
.

l)
.

In m o st o fe a se s ,

th e e o ld h ig h s m o v ed th r o u g h a ll b o xe s in o r d er o f tim e
.

B u t
, s o m e

o f ea se s (m a in ly in su rn 们n e r)
, a
ffe

eted b y se a so n s ,

w ere m o d ifi e d th o r o u g hly a n d d isa PPea r e d

o v e r la n d w ith o u t Pa ssin g thr o u g h all th e b o x es
.

5 0 th e r e su lt fo r la te r sta g e o f e o m Po site eo ld

h ig h a e tiv ity 15 less re Pre se n ta tiv e in so m e d e g r ee
·

T h e d a ta se t in o u r stu dy 15 e o m Po sed o f e o n v e n tio n a lo bserv a tio n s ,

w h ie h in e lu d e tw o u P
-

Pe阁ir o b serva
tio n s a n d fo u r s u

rfa ce o bs e

rva
tio n s o n d a ily b a sis

, a t s e v er a l sta tjo n s in th e

v iein ity o f th e hig h ee n te r
.

T he u PPe r一a ir o b se rv a ti o n s e o n ta in 11 le v e ls : su rfa ee
,

10 0 0
,

8 5 0
,

7 0 0
,

5 0 0
,

4 0 0
,

3 0 0
,

2 5 0
,

2 0 0
,

15 0 a n d 10 0 hPa
.

T h e m e teo r o lo g iea l elem e n ts a r e tem Per a tu r e ,

d ePr es
-

sio n o f the d e w Po in t
,

w in d sPee d an d d ir ee tio n
.

M o r e o v er ,

tem Per a tu r e a n d d e w Po in t tem Pe r a
-

tu re a t sign ifi ea n t lev els a n d w in d sPee d d ir ec tio n a t m a劝m u m w in d lev e ls a r e a v aila ble
.

T h e su r
·

fa ee o bse rv a tio n in e lu d s se a 一lev e lPr e ssu e r ,

te m Pe r a tu r e , r ela tiv e h u
而d ity

,

w in d sp ee d
,

w in d d i
-

r e c tio n
,
a n d 0 cm

5 0 11 tem Pe ra tu r e
.

It 15 u n fo r tu n a te th a t d a ta o u tsid e C h in a a t th e sig n ifi e a n t

leve ls
,

m a石m u m w in d leve ls a n d 0 em 5 0 11 le代1 a re u n a v aila b le
.

U PPer
一ir a n d su rfa e e o b se r v a

-

tio n s in sid e the eo u n try w e re o b ta in te d fr o m
“

M o n th ly A e r o lo g iea l B u lle tin o f C hin a ” a n d

“

M o n thly S u rfa c e B u lle tin o f C hin a
”

Pu blish ed by D a ta D ePa r tm e n t o f B e
iji

n g M e teo r o lo g ic a l

C e n te r
.

T he d a ta a t sig ni fi ea n t lev els
,

w in d lev e ls a n d 0 em 5 0 11 le v elw er e c o Pied d o w n fr o m o rig
-

in al sta tio n r ePo r ts e o llee ted b y the C en ter
.

D a ta o u tsid e the e o u n try w e re s elec te d fr o m t a Pe

fi les kePt by th e sa m e C e n ter
·

111
.

D A T A PR O C E SS IN G A N D C OM PU T A T IO N A L A SPE C T

T o c o n sid er ter r a in e
ffe

e t a n d to d esc ribe th e e le m e n t d istr ib u tio n s a n d Ph ysie a lPr o e esses

in th e b o u n d a ry laye r in d e ta il
,

w e a d o Pr a 『 e o o rd in a te system
.

W
e in te印 o la te th e d a ta in to 19

d iffe
r en t lev e ls w ith th e sa m e Pr essu re d iffe

r en c e
, a b o u t 5 0 hPa

,

be tw e en tw o n eig h b o u r in g lev
-

els
.

A ft e r eo o r d in a te tr a n sfo rm
a tio n fr o m P--

syst e m t o 口一system
, c o m Pu ta tio n m a y be e a r ried

o n a t th e eo n stan t a su rfa ee
.

T h e eo o r d in a te tr a n sfo rm a tio n fo r们n u la 15

P 一 尸

(l)
t

. .. . .
.

一
尸 一 尸
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w her e P 15 th e Pr e s su r e a t the e o m Pu ta tio n al lev el
,

P ,
15 the Pre ssu r e a t the to P lev el

,

10 0 hPa in

thi s Pa Per
, a n d Ps 15 th e su rfa c e Pr essu r e

·

T he sim ila r ity theo ry 15 u sed in e a le u la tin g se n sib le an d la ten t h ea t fl u x n ea r the su rfa c e
.

W e u sed b a sie a lly the se he m e su g g e sted b y L o u is (19 79)
.

T he d r a g eo effi c ie n ts o f m o m en tu m
a n d he a t tu rbu len t ex e h a n g e a r e re s

pe
e ti v ely

c
。 一

〔
I

毖币」
F , ,

· * 一

贪〔
i

潇
乃」一

(2)

(3 )

w h er e k 15 V o n K a rm a n eo n stan t
, 2 15 th e heig h t o f to P lev e lo f su rfa e e laye r

,

tak en to b e 10 m

(the he igh t o fw e a the r v a n e)
, 2 0 15 the he ig ht o f r o u g hn ess

, a ssu m ed to b e o
.

l m
, a n d R is the r a -

tio o f m o m en tu m d ra g e o effi eie n t to hea t d r a g eo effi e ie n t fo r n eu tra l sta bility a n d its v a lu e w a s

estim a ted 0
.

7 4 b y B u sin g er (] 9 7 1)
.

凡 a n d Fh a re a
ffe e ting fa et o r s o f sta bility o n d r a g

c o e ffi e ie n ts a n d w er e g iv e n in g e n e ra lfo rm w ith u sin g d a ta fi ttin g m e th o d by L o u is :

一

{
1 一

b
.

R i。

u n sta b le

l + e ·

IR ‘
。

l

(l + ,
‘ ·

天i石),
‘

l / 2 (4 )

sta b le (5)

R i。 = 9 2 .

0(“)一 。(z 。)

8 u
(6 )

15 bu lk 形
e ha r d so n n u m be r

.

b = Zb
’

= 9
.

4 a n d e = c ‘ a Z吞(z / z 。)’/ 2 ,

w h er e e ’

= 7
.

4 fo r m o m en
-

tu m a n d e ‘

一 5
.

3 fo r he a t a n d m o istu re , a ’ 一 、
’
/ 口

n (z / z 。

)一T h e ex p r essio n o r a , 15 the m o
-

m e n tu m d r a g e o e ffi eien t fo r n e u tr a lsta bility w ith the sam e fo rm
a s th a t in the b r a c k e ts o ffo rm

u
-

la (2)o r (3)
.

T he fo r m u la o f u Pw a r d tu r b u le n t se n sib le h ea t fl u x fr o m th e su rfa ee 15

f
* 一 p

了

C * C
,

(T
: 。 一 T

了

)
·

{V (7 )

a n d tu rb u le n t la te n t h e a t fl u x 15

f
; 一 p

:

C o L (。
: 。 一 、

:

)
·

}V
:

卜 (8 )

w h er e P s ,

Ts
,

V
s ,

q
: a r e a ir d e n sity n e a r the s u rfa c e

, a n d tem Per a tu re
,

w in d sPee d a n d sPee ifi c

h u m id ity a t the to p o f su rfa c e la yer
, r esp e c tiv e ly

·

T
: 。

15 th e te m p e r a tu re a t the to p o f lam in a r

la yer 2 0 w hich 15 a lso c a lled s u rfa c e r o u g h n e ss heig h t
·

T
: 。 c a n b e d r a w n fr o m 5 0 11 tem p e r a tu r e

b y u sin g ite ra tio n m e tho d in w hich the fo llo w in g r ela tio n shiP 15 u se d (6)
:

: 一 : _ 、 0 .00 % 2

军巴立、
。‘

.

2 0 。 尤 \ V /
(9 )

w he r e v 15 e o effi e ien t o f kin e m a tie v ise o sity (a ssu m ed to be l
.

s x zo
一 ,m Zs一’)

,
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二 训石丁{
(10)

w ,
0

/

: : :

一

一
*

心

Un口
r.l
l

v
eefes
‘

a r e eh a r ae te ristie vel
o c ity

ity a t 2 0 ,

“

a n d e h a ra e ter istie tem p er a tu r e o f tu rb u le n t p r o c e ss
·

q
: 。

15 the hu m rd

q
: 。 一 q

s。:

(T
: 。

)
’

R H
,

(川
w h er e q , t

(T
: 。

) 15 sa tu r a tio n sp ec ifi c h u m id ity w hen tem p er a tu r e is T
: 。 a n d R H 15 r ela tiv e h u

而d ity a t 20 d e te mu
n e d by th e r e la ti v e h u mj d ity a t the h ei g h t o f in str u m e n t se re en a n d the e ha r

-

a eteri sti e s o f su rfa e e tu rbu le n c e
.

A b o v e th e su rfa ee la yer
,

tu rbu len t fl u x 15 e stim a ted a s d iffu
siv e fl u x

.

D iffu
sio n c o effi e ie n t

K is d e term in ed b y he ig ht
, v er tiea lw in d sh ea r , a tm o sPhe rie sta b ility a n d 而劝

n g le n g th (l):

、 一 ,
,

}擎{
r

.

爪 卜匕么2 1
(1 2 )

T h e h ea t d iffu
sio n e o e ffi cle n t 凡 ha s a 5 1而la r fo rm

.

T he nil
x in g le n g th 15 in tr o d u ce d a s a n

a sym Pto ti e fo rm
:

l二
k z

1 十 k
· z / 义

’ (1 3)

wh
er e th e a sym Pto tie m ix in g len g th 又 15 a n a

dj
u sta ble p ar a m e te r ,

10 0 m in the Pre s e n t st u d y
.

F in (12 ) ha s the
sa 〔Qe fo rm

a s in (4 )
o r (5)

,

bu t the R ieh a rd so n n u m be r a n d e o e ffi eie n t C n e e d

to be r ed e fi n e d a s g △
z
△ 0 / 石△ F , a n d c ’

z’石[(: + △
: / : )

’/ ’ 一 l]’/ ’ / (:
’/ ’
△

: ’/ ’)
.

T he Pa r a m e teriZ a tio n s
ch

e m e in e a le u la ti n g r a d ia tiv e fl u x 15 sa m e a s th a t u se d by D in g a n d

Kr ishn a m u r ti
.

Th
e fo u r m a in Par ts o f this seh em e a r e : (l) sPeeifi e a ti o n o f fo rm

a n d fr a etio n o f

e lo u d
,

b a se d o n th re sho ld v a lu e o f re la ti v e h u
lin d ity

,

(2)
e stim a ti o n o f lo n

gw
a v e r a d ia tio n by

emi ssiv ity
,

(3)
esti m a tio n o f sh o rtw av e r a d ia ti o n

,
a n d (4 )

su rfa ee e
ne

r
gy b a la n ce

.

D e ta ile d d es
-

eriPtio n c a n b e fo u n d in r efe r en ee (D in g
,

19 8 7 )
.

T h e bu d ge t e q u a ti o n s o f a PPa re n t hea t so u ree a n d aPPa r e n t m o ist sin k a r e d ed u e ed fr o m

th e
rm

o dyn a m ie e q u a tio n an d m o istu r e eq u a tio n in sig m a e o o r d in a te :

二了
.

_ _ 「护
’

于
.

_ 不下
二二

.

。尸
’

子于 R
几 1

厂 U
、

三 七
。

l

—
十 丫

’

I’ v l 十

—
一

一
l

·

L 二 。J

cP (a + 尸
,

/ p
一

)J

= Q
, + L p C 一 C

尸

。尸
’

了于牙

—
十

合口

R 厂. /

(14 )
叮 + 尸 ,

/ 尸

一1 ~

p Q
: 三

一 : 「2尸j
、 二

.

L 刁t

p
’

V 互+

ha ]

15)de-16)(
s(二 L尸 C

_ 护
’

万
w he re Q

, 15 te rm
o f r a d ia tio n hea tin g

fi n ed a s

O6

(e o o li雌) C
*

15 n e t w a te r e o n d e n s a tio n a n d P
*

尸 = 尸 一 尸
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T he a r e a la v er a g e a n d its h o riz o n ta ld eriv a tiv e o f the te rm
s in E q

.

(1 5) e o u ld be o b ta in ed b y

eu rv e d su rfa ee fi t tin g m e th o d th a t m ea n s m e teo r o lo g iea lv a ria ble A 15 e x Pa n d e d a s a li n e a r fu n e
-

tio ll :

A 一 a 。 + a .
X + a Z y

,

(1 7)

w he re (X, 均 15 the eo o r d in a te s r e la tive to the ge o m e tric ce n te r o f fi tted Po in ts
.

ao
,

a l a n d

aZ a r e e v a lu a te d by le a st sq u a re m e tho d
.

5 0
,

w e m a y o btain

A “ a o , 。A / 妙 = a 2’ (18 )

IV
.

G E N E R A L ST R U C T U R E S O F SIB E R IA N H IG H C O L D M A S S A N D V E R T IC A L T R A N SPO R T S

T o e o m Pa r e the eh a r a ete r istie s o fe o ld a ir tr a n sfo rm
a tio n in d iffe

re n t sea so n s
,

w e d iv id e the

8 ea se s in to tw o g r o u Ps (in w in te r h a lfyea r a n d in su m m er h a lf yea r)
.

O n e in e lu d e s ca se s l
,

2
,

3
,

8 (Ja n
. ,

Fe b
. ,

M a r eh
,

D e e
.

) a n d th e o th e r ha s e a se s 4
,

5
,

6
,

7 (M a y
,

Ju n e ,

A u g
. ,

SeP )
.

T he te m Per a tu r e str u e tu re o f eo ld h ig h in w in te r (Fig
.

Za ) in d ie a tes th a t the re is a str o n g in
-

ve rsio n (b e lo w 8 0 0 h Pa ) in e a r ly d a ys o f d ev elo Pm e n t o f eo ld air
.

A s eo ld a ir m o v e s so u thw a rd
,

the in v e r sio n g e ts w ea k er a n d d isa PPea r s fi n a lly
.

In N o r th C h in a (B o x Z) it 15 u n se en a lr ea d y
.

A f-

te r m o v in g to B o x 3
, o n ly a n ew w ea k in v er sio n o r iso ther m a l la ye r o c e u r s in the m id d le

tro Po sPhe re
.

A cc o r d in g to D in g an d K ri shn a m u r ti
,

th e m ai n ea u ses o f the fo rm er in v er sio n a r e

d u e t o s tr o n g lo n

gw
a v e r a d ia tio n eo o lin g a n d d o w n d r a ft s n e a r th e su rfa ee a n d fo r th e la tte r the

su bsid e n c e h e a tin g 15 im p o r ta n t
.

A c e o m Pa n yin g ev o lu tio n o f in v e r sio n
,

in the fu ll d e Pth o f

tro Po sPhe r e , esPe eia lly in its lo w er Pa r t
,
tem Pe r a tu r e b ee o m e s h ig h er a n d d ee P Po la r e o ld a ir

m a ss 15 tr a n sfo rm
a ted in to w a

rm
e r a ir m a ss g r a d u a lly

.

N ea r the su rfa ee te m Pe r a tu re g o e s u P by

30
o

C a n d ZO
o

C fo r th e u PPe r tr o Po sPh ere
.

T he e v o lu ti o n o f m o istu re s tru e tu re (F ig
.

Zb) 15 sim i
-

la r to tha t o f te m Per a tu re str u e tu re
.

Th
e sPec ifi c h u面d ity in ere

ase s rap idly a s e o ld h igh m o v es

so u th w a r d
, e s

pe
c ia lly in th e m id d le a n d lo w e r Pa r t o f tr o Po sP her e

.

It 15 in d ie a te d th a t e o ld a ir

u n d e r g o e s th e m o is tu r e tr a n sfo rm
a tio n a t sa m e tim e w h en it m o d ifi e s its te m Pe r a tu r e

.

It 15

w o rth n o tin g tha t h u m id ity in er e a se belo w 7 0 0 hPa 15 o bv io u s fr o m B o x 2 to B o x 3 a n d 15 e o m
-

Par a b le w ith th a t o ve r the o ee a n
.

It sho w s th a t m o istu r e tr a n sfo rm
a tio n o ve r la n d 15 a lso r e -

m a r k a ble
.

T h e te m Pe r a tu re str u e tu r e o f the c o ld hig h in su m m er ha s tw o o bv io u s d iffe
r en ce s fr o m

th o se in w in te r
.

A t fi r st th e in v e rsio n d o es n o t e x ist
.

See o n dly
,

the str o n g est h ea tin g a PPea r s in

B o x 2 a n d o n the e o n tr a ry th e t em Pe r a tu re ha s a d ro P as tr a n sfo rm
a te d a ir m a ss m o v ed t o th e

o e ea n ic a re a (F ig
.

3 )
.

T his k in d o f ev o lu tio n o f tem Per a tu r e str u e tu r e 15 elo se ly r e la te d t o

la n d一 se a eo n tr a st o f tem Pe r a tu r e
.

In su m m er th e te m Pe r a tu re 15 lo w e r o n Ia n d th a n o n the se a

su rfa c e
, 5 0 it ha s a n o PPo site im Pa c t o n tem Pe r a tu re str a tifi ca tio n a s e o m Pa r ed w ith tha t in w in

-

te r
.

T h e a

rea w he re hu而d ity in e o ld a ir in er ea ses m o s t r aPi d ly 15 also N o rth C hi n a
.

A s th e eo ld

hig h shift s to the sea su rfa e e ,

its hu m id ity re d u ee d re m a rka b ly (Figu
r e 15 o m itted )

.

It 15 in d ica ted

tha t the str u etu r es o f tem Pe ra tu r e a n d hu m id ity o v e r sea a r e ev id e n tly d iffe
r en t fr o m th o se o v e r

la n d
.

G en e r a lly
, c o ld a ir 15 m u c h w a

rm
er an d w e tte r o v e r la n d th a n o v e r se a

.

It is ju stly o PPo site

to the situ a tio ll in w in te r
.

C a le u la tio n o f v e r tie a l v e lo eity in d iea te s th a t re la tive ly stro n g d o w n dra ft 15 m a in ta in ed in

fu lld ePth o f t ro Po sPh er e a s eo ld a ir u n d er g o es tr a n sfo rm
ati o n Pr o ce ss d u rin g so u th w a r d trav

-

elling in d iffe
r en t se a so n s

.

T he m a x im u m v a lu e a PPe ar s n e a r 5 5 0 hPa o ve r N o r th C hi n a
.

W h en
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6

hP a

10 0 B o x l

B O X Z

h Pa

10 0

·

一 B o x 3 2 0 0
B O X 4

3 00

(b )

啊500600700

一6 0 一4 0 一 20 0
址
10 ℃

、3 \4

900800000

万万, 了百飞忌/ kg

hPa
10 0 -

h Pa

10 0 1

200300州s00J耐词s00t赫00J

,�
\、;
了、厂叼3\

丫
z
,,
.

/

(e )

0000000000000000002
内J4气时‘UtzQUO
‘

nU

,.二

一2 0 2 4
x 10

一4
6 8

h Pa s一 1

10 1 2 14 一 10 0 10 20 3 0 4 0 5 0 60而 / s

Fi g
‘

2
.

B a s ie s tr u e t u r e o f e o ld h ig h a t d iffe
r e n t s ta罗 s in w in te r

.

(a ) t e m p e r a tu r e (
。
C )

,

(b ) sp e e i fi e h u m id ity ( g / k g )
,

(e ) v e r t ie a l v e lo e ity 臼 ( x 10一hP a / s
)

, a n d (d )
z o n a lw in d (m / s )

.

e o ld hig h m o v e d s o u th w a rd to th e e e n tr a l a n d So u th C h in a a n d o c e a n i e a r e a , the d o w n d r aft

w e a k e n e d
.

5 0 th e s tr o n g e s t d o w n d r a ft e x is t s a t e a r ly s ta g e s
.

T h e d is tr ib u tio n o f v e r tie a l v e lo e ity

in w in te r 15 g iv e n (F ig
.

Ze
)

.

Fig
.

Zd 15 m e a n Pr o fi le s o f z o n a lw in d in w in te r
.

A s im ila r d is tr ib u tio n a PPe a r s in s u m m e r

(fi 即
r e 15 o m itte d )

·

I t 15 o b v io u s th a t u p p e r一le州 w e s t w in d 15 e n ha nc e d g r a d u a lly in w in te r o r in

s u m m e r
.

I n w in te r , u PPe r-- le v e l w e s t w in d w hi e h 15 w e a k in s o u rc e a re a g r o w s in s tr e n g th

e o n tin u o u sly a ft e r o u tb r e a k o f e o ld a ir a n d r e a e he s the m a x im u m v a lu e , a b o u t 5 5 m / 5 a t 2 00

hPa ,

in B o x 3
.

I n s u m m e r ,

the u PPe r w e s t w in d in B o x 1 15 r e la tiv e ly st r o n g
.

T he n th e y a r e
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stren g the n e d c o n sisten tly a n d r ea ch the m a劝m u m v a lu e (a b o u t 50 m / s) in B o x 4
.

5 0 ,

w he n

e o ld a ir m o v es to B o x 3 o r B o x 4 it 15 lo e a te d j
u st belo w the u PPe r

we
ste rlyj

e t
.

A b o v e o b se rv a tio n a la n a lysis o f c o ld hig h su靡
e sts tha t e o ld a ir ex Peri e n ee s so m e re m a r k a

-

ble t ra n sfo rm a tio n n o m a tt e r w h a t sea s o n
.

A m o n g the Physie a l Pr o e esses w h ie h r esu lt in tr a n s
-

fo rm a tio n ,
th e h e a tin g o r c o o lin g fr o m th e u n d e rlyin g su rfa ee 15 a n im Po r ta n t fa e to r

.

5 0 the

eo m Pu ted r esu lts o f su rfa ee se n sible he a t fl u x a n d m o istu re fl u x a t d iffe re n t sta ge s w ill be d is
-

eu ssed in th e fi r s t Pla c e
.

F o llo w in g the sim ila rity th eo ry
,

w e ha v e e o m Pu ted the u Pw a rd tu rb u lefi t sen sib le hea t a n d

认欢掀饭at (m
o 认tur

e、n u x e s fr o m su r

fac
e

.

F o r d a ta ll m ita tio n
, c a le u la tio n s a r e n o t ta k en in the

re g io n s o u t sid e C hin a (B o x es 1 a n d 4 m a in ly)
.

In sid e the e o u n try
,

w e e o lle e t a n d u se the fo u r o b
-

se r v a tio n tim e su rfa ee o b ser v a tio n al d a ta
.

Th
ese d a ta m a k e it Po ssi ble th a t w e u n d er sta n d th e

e ha ra c te r istie s o fd iu r n a lv a ria tio n o f sen sib le an d la ten t h e a t fl u x e s
.

T a b一e 2
.

L a n d 一A jr sen ssble
,

L a te n t a n d T o ta 一H e a t Flu x (w m 一) a n d B o w en R a tio o r s e a se s o f o u tb r ea k s o f th e

C o ld A if in 19 8 1

CCCCC a se SSS
W in te rrr Su m m errr

1111111111111111111111111111111111111l lC a nnn 】11 e a nnn11111 2 3 4 5 6 7 8888888

SSS en s xb leee B o x ZZZ 6 7 7 2 6 6 17 3 17 0 7 7 74 2 333 5 777 12 444

hhhe a t fl u xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx BBBBBO x 333 3 5 4 9 5 5 9 0 / 6 3 4 7 5 777 4 999 6 777

LLL a ten ttt Bo x ZZZ 14 16 3 3 6 0 2 5 6 13 6 58 999 1888 12 777

hhh ea t fl u xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx BBBBB o x 333 3 5 1 2 6 0 8 6 / 14 8 80 3 444 3 555 10 555

TTT o ta lll B o x ZZZ 8 1 8 8 9 9 2 3 3 4 2 6 2 1 3 13 2 3 222 7 555 2 5 111

hhhe a t fl u xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx BBBBBo x 333 7 0 6 1 1 15 17 6 / 2 1 1 12 7 9 111 8 444 1 7 222

BBB o w Cnnn B o x ZZZ 4名 4
.

5 2 0 2
.

9 0 石6 0 万5 1
.

3 2
.

666 3
.

222 1
.

000

rrr a t looooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo BBBBB O x 333 1
.

0 4
.

1 0乡2 1
.

0 / 0 4 2 0
.

5 9 1 777 1
.

444 0 6 444

T h e la n d 一a ir tu rbu len t h ea t fl u x es gi v en in T a ble 2 sho w tha t th e h ea t fl u x e s in eo ld a ir Pr o 、

c e sses a r e b o th d ir ee ted fr o m the su rfa ee t o the a tm o sPh ere in w in te r a n d in su r口们。e r
.

5 0 it 15 in
-

d ie a ted th a t th e c o ld a ir b e g in s to b e he a ted by the u n der lyi n g s u

rfa ce a n d to ex Pe ri e n c e the

tr an sfo rm
a tio n

j
u st a ft er it m o v es a w a y fr o m its so u r ee a r ea an d m o v e s so u thw a r d

.

By m a kin g a

eo m Pa r iso n b etw e en ea ses in w in ter a n d in su m m er ,

w e ea n see tha t the se n sible a n d la ten t he a t

tr an sPo r t in la tte r ea se s 15 o b v io u sly by Z一 3 ti m es g r e a ter tha n th at in fo rm
e r ea se s

.

It sh o w s

tha t the tu r b u le n t e x ch a n g e Pr o e es ses o cc u r r in g in lo w e r la ye r o f so u thw a rd m o v in g eo ld a ir in

s u m m er a r e m o r e v io len t a n d th is Pa r tly ex Pla in s w hy in su m m e r the e o ld h ig h s a r e o ft e n m o d i
-

fi ed r a Pid ly a n d d isa PPea r o n la n d a n d o n ly a fe w o f them ea n m o v e fu r th er to So u th C hin a o r

to th e sea a r e a
.

T he c a le u la ted B o w en r a tio s d em o n str a te th a t sen sib le he a tin g 15 a Prim a ry fa c-

to r in la n d tr a n sfo rm
a tio n Pr o c ess o f w in te r c o ld a ir

.

A n d in su r n 幻n er
,

la ten t h ea t tr a n sPo r t 15 a s

m u eh a s o r g r ea te r tha n th e s e n sibl e h ea t tr an sp o r t
.

It 15 in d iea ted tha t th e la ten t he a tin g Pla y s

a n im Po rt a n t Pa r t in la n d tr a n sfo rm
a tio n Pr o c e ss o f eo ld a ir

.

T his 15 d u e t o less 50 11 m o istu r e in

w in te r a n d g re a te r 5 0 11 m o istu re in su m m er
.

T h e he a tin g n e a r th e su rfa ce a lso v a ri e s in d iffe
re n t

re gio n s
.

It e a n be se e n fr o m e o m Pa ris o n be
tw

ee n situ a tio n s in B o x e s 2 a n d 3 tha t in w in te r to ta l

hea t nu x in B o x 3 15 5五g h tly str o n g e r tha n tha t in B o x Z
,

8 4 w m
一 2 a n d 7 5 w m

一 2 re sp ec tive ly
,

a n d in su m m e r m ea n to ta一he a t n u x in B o x 2 15 2 5 1 w m
一2 tha t 15 m u e h g r e a ter th a n
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6

17 2 w m
一2 in B o x 3

.

T h is in d ie a ted th at th e str o n g e st tra n sfo rm
a tin g r e g io n 15 c ha n g e a b le in

d iffe r en t sea so n s ,

w hie h 15 lo e a ted in S o u th C hin a o r o v e r o ce a n in w in ter a n d in N o rth C h in a

o r fa r the r n o rth a re a in su m m e r
.

T a‘le 3
.

L a n d一 A ir se n sib le
,

L a te n t a n d T o ta lH e a t Flu x (w m
一 2) a n d B o w en R a tio o f e o 一d ^ sr A etiv itie s in D i跳

r

e n t B o x e s

WWWWW in ter h alfye a rrr S u m m e r ha lf ye a rrr

】】】】le a nnn 1】l ea fiii

BBBBB e
ijin g T im eee B e

iji
n g T im eee

00000 2 0 8 14 2 000 0 2 0 8 14 2 000

SSS en sibleee B O X ZZZ 一 18 一6 2 6 6 一 1222 一2 2 6 1 4 54 111

hhh ea t fl u XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
BBBBB o x 333 一7 9 2 0 3 一888 10 3 2 2 】8 777

LLL a ten ttt B o x ZZZ 一3 一1 7 8 一333 一1 2 7 2 4 4 8 222
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丁丁o ta lll B o x ZZZ 一2 1 一 7 34 4 一 1555 一 3 4 13 3 9 0 2 333

hhh ea t fl u xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx BBBBB O X 333 一 13 14 3 5 1 一 1555 3 1 8 6 5 4 6 2 444

BBB OW ellll B O X ZZZ 6 刀 6乃 3 4 4 刀刀 1
.

8 0 8 1 0 0
.

555

fffa ti ooooooooooooooooooooooooooooooooooooooooooooooo
BBBBB o x 333 1

.

2 1 8 1
.

4 1
.

111 0
.

5 0
‘

6 0刀 0 444

T a ble 4
.

Su rfa e e M o m en tu m D r a g C o effi eie n t 味
, H ea t D r a g C o e ffi e ie n t 吼

, L a n d一 A ir T em Pe r a t u r e D iffe
r en ee

今几 (
o
C )a n d B u lk R ich

a
rd

so n N u m b e r R ih
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BBBBB e
iji

n g T im eee B e
iji

n g T im eee

00000 2 0 8 14 2 0 m ea nnn 0 2 0 8 14 2 0 m e a nnn

吼吼吼 B o x ZZZ 3
.

2 3
.

8 1 1
.

6 3 2 5
.

555 3
,

2 8
.

5 10刀 4万 6
.

666

BBBBB o X 333 4名 6
.

2 8
.

2 4滩 5
.

999 6 刀 7
.

7 10 7 6冲 7
.

777

几几几 B O x ZZZ 4
.

3 5
.

2 17 8 4
.

5 7刀刀 4
.

4 12 6 15
,

0 6 2 9
.

666

BBBBB o x 333 6万 8石 1 1
.

7 6
,

1 8
.

222 8滩 10
.

9 15
.

1 10 4 1 1 222

几几一Taaa B o x ZZZ 一2
.

5 一 1 4 10 6 一2
.

6 1
.

000 一2
.

1 2 8 15
,

5 一0
.

8 3
.

888

BBBBB o x 333 一0 名 0
.

4 7
.

4 一 1 0 1 555 0 滩 1
.

8 9
.

1 0 3 2
.

999

RRR 几几 B o x ZZZ 0 3 8 0
.

2 9 一0
.

5 4 0 5 0 0
.

1 666 0
.

2 9 一0
.

16 一0
.

3 4 0
.

18 一0
.

0 111

BBBBB o x 333 0
.

1 1 一 0刀 一0
.

1 3 0
.

12 0
,

0 222 0刀6 一0
.

10 一0 3 3 一0
.

0 4 一0
.

1000

In T a ble 2 d ai fy m ea n fl u x e s a r e g iv en
,

w hile in T a ble 3 eo r re sPo n d in g v alu es a t d iffe
r e n t

tim e a r e
gi

v e n
,

Fr o m
’

T a ble 3 it ea n b e seen tha t tu r bu len t a e tiv itie s n e a r su rfa e e h a v e o b v io u s

d iu rn a lv a ri a tio n
.

Th
e m o st v io len t tu rbu le n e e o cc u r s a t 14 B e

ijin g T im e (BT ) a m o n g 4 o b se rv a
,

tio n t汕e s
.

Th
e m e a n to ta lh ea t fl u x a t 14 BT in B o x 2 o f fo u r su m m e r e a ses re a ehe s 90 2 W m

一2
,

w hile a t o th er 3 time
s th e

me
a n he

a t fl u x a r e m u e h w e a ker o r ev e n d ir ee ted d o w n w a rd (fr o m a ir

to la n d)
.

T he m a x im u m v a lu e o f su rfa ee tu rb u le n t he a t fl u x fo r w in te r c a se s (a t 14 B T ) 15 less

出a 。 tha t匆r 、u m m er 。a se , a n d to tal he a t n u 、 i五B
o 、 2 (3 4 4 w m

一 , ) i, 。 n ly 。 5 1 / 3 tim 。 a s 。o r
.

r e sP o n d in g v a lu e in su m m e r
.

It 15 n o ta ble tha t in su m m er tr a n sPo r ts a t 8 B T in B o x e s 2 a n d 3

a r e b o th u Pw a rd w h ile in w in te r the tr a n sPo r t in B o x 2 15 d o w n w a r d w h ie h m a y b e re la ted t o
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F lg 3
.

T e m Pe r a t u r e

e n t s t a g e s I n 一

d is t r ib u ti o n o f e o ld h ig h a t d iffe
r

-

SU 】】I n le r
.

F ig 4
.

T u r b u le n t d iffu
s i o n e o e ffi c ie n ts in e o ld hig h s

(m Z s一 l) fo ; w in t e r h a lf ye a r

e x ist e n e e a n d P e r sis te n ee o f n o e tu m a l in v e r s io n
.

It 15 sh o w n b y e a lc u la t io n s th a t su r fa ce m o m e n tu m d r a g e o e m e ie n t 15 r e m ar k a b le in d iu r n a l
v a ria tio n (s e e T a b le 4 )

.

T h e m a x im u m v a lu e r e ac he s u p t o 1l
.

6 x 10
一, w hi比 o cc u r s a t 1 4 B T

a n d th e m in im u m v a一u e 15 o n ly 3
.

2 x 1 0
一 3 w hie h o cc u r s a t n ig h t (0 2 o r 2 0 B T )

.

T he r e 15 a b o u t

thr e
十fo ld d iffe

re n c e b e tw e e n tw o v a lu e s
.

H e a t d r a g e o e ffi e ie n t ha s a 5 1而 la r d iu r n a l v a r ia tio n
,

b u t w ith g r e a te r v a一u e
.

I n w in te r d r a g e o e m e ie n ts in B o x e s 2 a n d 3 a r e 5
.

5 x 10
一3 a n d 5

.

9 x

10
一3 , r e s

Pec
tive 一y

, a n d sn s u m m e r th e y a re 6
.

6 x 一。
一3 a n d 7

.

7 x 10
一3 ,

g r e a te r th a n the v a lu e s in

w in te r
.

A I一o f th e m a r e m u e h la r g e r th a n

氏
u s e d in se a a r e a (一2 x 10

一 , )
, a ls o la r g e r th a n the

m e a n v a lu e g e n e r a lly u se d o n la n d in t he p a s t (a b o u t 3 x 1 0
一 , )

.

o v e r the T i悦tan Pla te a u ,

Y e h

a n d o a o e t a l
.

(1 9 5 1) a s s u m e d 几 = 5 x 10
一3 fo r the ir e o m p u ta tio n o f su rra ee he a t n u x

.

T he r e -

su lt o b ta in e d fr o m th e m e a s u r e m e n ts in 19 86 s u rn 们n e r
Q in g h a i一X iz a n g Pla te a u e x

pe d itio n s u g
-

g e s te d 喘 = 5一6 x 10
一 , 〔l〕 w h ie h 15 e lo se t o v a lu e s o b ta in e d in this p a p e r

.

Fr o m the a b o v e a n a -

lys is
,

it e a n b e se e n th a t o n ly d a ily m e a n d a ta o r o b se rv a tio n s a t 0 8 B T a n d 2 0 BT a r e

in a d e q u a te fo r e o m Pu tin g h e a t e x e h a n ge Pr o ce s se s
.

Th
e th u s

, b t ain e d re s u lts m a y e

ven gi
v e a

而
s u n d e r s ta n d in g

.

T h e tu r b u le n t d iffu sio n e o e ffi e ie n t s e a le u la t e d fr o m tw ie e d a ily r a d io w in d d a ta
,
a r e

gi
v e n in

Fig
.

4
.

G e n e r a lly
,

th e r e a r e tw o s t ro n g tu r b u le n t a c t iv ity lay e r s fr o m su r fa e e t o 1 00 hP a
,

o n e e x -

ist s in th e lo w e r tr o Po sPh e r e a n d th e o the r 15 lo e a te d in u Ppe
r Pa rt a n d n e a r to P o f th e

tr o Po sPhe re
.

In the lo w e r b o u n d a r y
,

the e
ffe

e t o f tu r b u le n c e a e t iv ity g o e s o川y u P to 80 0 hPa in

〔l〕 M a S hu fe n e t a l工19 8 8 )
,

T h e Pr e lim i n a ry e a le u la ti o n o f s u r fa e旦tu r b u le n t h e a t n u x d u ri n g Q in g ha i一X IZa
n g Pla

-

te a u e x Pe d it io n in 19 8 6 s u m m e r
.
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w in ter
,

bu t in su r Q no er
,

m u eh str o n ge r tu rbu le n ce m ay ex te n d u P to 6 0 0 hPa
.

T h e in te n sity o f

tu rbu len ee in u PPer Pa r t a n d n ea r to P o f th e tr o Po sPhe r e 15 e ha n g ea ble a s se a so n a n d

g e o g r a Phie lo ea ti o n eh a n g e
.

M a n y stu d ies h av e sho w n tha t the tu rb u len t a e tiv ity in u PPe r Pa r t

a n d ne
a r t0 P o f tr o P0 sPhe re h a s c lo se r ela ti o n shiP t o uP Per air j

e t (Sh a Pir o
,

19 7 6 )
.

V
.

H E A T BA L A N C E D U R IN G SO U T H W A R D O U T B R E A K S O F T H E C O L D A IR

C a leu la tio n o f a PPa r e n t hea t so u re e Q l (Fig
.

5) in d iea tes tha t c o ld a ir in fu ll d ePth o f the

tr o Po sPh er e 15 he a t sin k in its so u rc e a r ea in w in ter
, 50 th e a ir in sid e eo ld hig h h a s d ee P e o o lin g

la yer
.

M ea n eo o lin g r a te re a ch
es 3一 4

“
C / d fr o m 8 0 0一 30 0 hPa

.

W h en eo ld a ir m o v e s t o B o x

2
,

w a
rm in g a PPea r s in the u PPer Pa r t o f the tr o Po sPhe r e a n d the lo w er b o u n d a ry la ye r

.

H e a tin g

r a te fo r th e la tte r 15 a b o u t Z
”
C / d a n d fo r the u pPer Pa r t o f the tr o Po sPhe r e this he a tin g r a te

r e a eh e s u p to s
”
C / d (in th e v ie in ity o f 20 0 hPa )

.

D in g a n d K r ishn a m u r ti(19 8 7) h
a v e ex p la in e d

th e str o n g u PPer lev e led dy sen sib le h e ati n g in the n eig hb o u rh o o d o fje t a t hig h la titu d e s in w in
-

te r by u sin g a ir er a ft so u n d in g s in N o r th A m erie a
.

T hey Po in te d o u t th a t th is h e a tin g 15 th e r es u lt

o f hea t c o n v er g en ce e r ea te d b y stro n g tu rb u le n ee e x ch a n g e in j
e t re g io n

.

T he d istrib u tio n o f a P
-

Pa r en t h ea t so u r c e im Plie s th a t e o ld a ir a e tu a lly u n d e
rw e n t te m Pe r a tu re tr a n sfo rm

a tio n
.

In B o x

3
,

he atin g r a te in the lo w er b o u n d a ry 15 e n h a n e ed w h ieh su g g ests in e re a se in te m Pe r a tu r e tr a n s
-

fo rm
a tio n e a u sed by the u n d e rlyin g su rfa ee

.

W he n the eo ld a ir e o n tin u o u sly m o v es to o e ea n ie r e
-

gi
o n th e h ea tin g e

ffe
c t o f the w arm sea su rfa e e o n lo w er Pa r t o f c o ld a ir 15 m o r e sig n ifi c a n t

.

T h e

he a tin g ra te 15 3
”
C / d a n d th e d ePth o fthe he a ted la ye r in er e a sed by a b o u t 5 0 hPa

.

U n like th e situ a tio n in w in ter
, su 们。n le r c o ld ai r in B o x 1 ha s the fu ll. d e Pth o f the

tr o Po sPhe re he a ted
.

T he str o n g est h ea tin g
,

w hieh a PPe a r s n e ar the su rfa e e an d in the lo w er

tr o p o sPhe r e , re ae h es 6
“
C / d

.

T his su g g ests tha t the ee n tr a l a n d E a st S ib e r ia a n d M o n g o lia

sh o u ld n o t b e ea lle d a s so u r ee a r ea o f c o ld a ir in su r n m e r ,

bec a u se e o ld a ir h a s ha d a n o b v io u s

tr a n sfo rm
a tio n Pr o e ess alr e a dy he re

.

T hi s e a n a lso e x Pla in w h y e o ld a ir in su m m e r 15 d im c u lt to

hPa

10 0 1 、 , 、、 ~ 、 、 、
hPa
10 0 1

万

(a) (b)

1 00 0

叹二二二二一一
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Fig
.

5
,

T h e v e r tic a l d i str i b u t io n o f ap p a r e n t h e a t so u rc e Q一 (
o
C / d ) fo r w 一n te r ha lf ye a r ( a ) a n d s u m m e r

ha lfye a r (b )
·
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6
.

T h e v e r t ie a l d ist r ib u tio n o f a pp a r e n t m o ist s in k Q
Z (

o C / d ) fo r w in t e r ha lf ye a r (a ) a n d su m m e r ha lf ye a r

(b )

d e v e lo P in t o v e ry s tr o n g o n e
.

A n o the r in te re stin g Ph e n o m e n o n 15 tha t th e he a tin g r a te in th e

lo w e r la ye r d e e re a se s e o n tin u o u sly a s s u 们n ro e r e o ld a ir m o v e s fr o m B o x e s 1 t o 2 a n d 3
.

I t im Plie s

tha t the tu r b u le n e e a e tiv ity in the in te r fa e e Iaye r o f la n d一 a ir ha s
we

a k e n e d w h ic h 15 in a g re e -

m e n t w ith t he r e s u lt s e a lc u la te d fo r se n sib le he a t tu rb u le n t e x ch a n g e in the Pr e v io u s s e e ti o n
.

T he

d is t rib u tio n o f Q , in B o x 4 t ha t sh o w s he a tin g in m id d le la ye r a n d e o o lin g in u PPe r a n d lo w e r

la ye r s 15 o u t一 o f-- Ph a s e in e o m Pa ri so n w ith o n e s a t e a rli e r s ta ge s
.

T h e c o o lin g aPPe a r s in the lo w
-

e r laye r o f s u m m e r c o ld a ir b e e a u se the s e a s u rfa e e 15 n o Io n g e r a w a rm e r ,

b u t e o ld e r u n d e r lyin g

su rfa e e , 5 0 tha t th e e o ld a ir lo ss e s its h e a t to o e e a n w h e n it m ig r a te s to th e o ee a n ic r e g io n
.

T h e d ist rib u tio n o f a PPa re n t m o is tu re s in k Q: in th e e o ld a ir is g ive n in Fig
.

6
.

I n w in te r , e x
-

ee Pt fo r slig h t in e r e a s e n e a r the s u r fa e e (a b o u t 8 50 hPa )
,

w h ie h 15 m a in ly r e la te d t o the e v a Po r a -

tio n o f e lo u d d r o Ple t
,

m o is tu re o f e o ld a ir in so u rce a r e a d e e re a s e s in the m id d le a n d lo w e r

tr o Po sPhe r e
.

I t r e fl e c ts th e e x ist e n e e o f c o n d e n sa tio n o r e o n g e la t io n Pro ce ss in so u r c e a r e a tha t

h a s s o m e th in g to d o w ith th e 而 d d le-- lo w e lo u d in thi s a re a
.

W h e n th e e o ld a ir m o v e s to B o x Z
,

m o is tu r e in the fu ll d e Pth o f th e tr o Po sPh e r e in e r e a se s
.

T hi s kin d o f m o is tu r e in e r e a se
,

m a in ly

c r e a te d b y e v a Po r a tio n Pro ce s s
,

m a y h a s s o m e lin k s w ith the s tr o n g d o w n d r a ft o f c o ld a ir in its

so u thw a rd e o u r se
.

T h e d is tr ib u tio n s sim ila r to B o x 2 a re fo u n d in B o x e s 3 a n d 4 e x e e Pt la r g e r

m a g n itu d e s o f m o is tu re in e r e a s e
.

I n la tte r tw o a r e a s ,

the g r o u n d e v a Po r a t io n m a y b e a m a in fa e -

to r d u e t o r e la tiv e ly m o is t u n d e r lyin g s u r fa ce
.

H o w e v e r ,

th e m o s t in cre a se o f m o is tu r e a r is e s

o v e r t he w a

rm m o is t se a s u r fa e e w he r e the u Pw a r d t ra n sPo r t o f m o is tu re (e x Pre s s e d in fo rm
o f

la te n t h e a tin g ) r e a e he s 4
o
C / d

.

In s u r n r n e r , s im ilar to Q l Pr o fi le sho w in g
,

th e tr a n sfo rm
a tio n Pr o e e s s o f m o is tu r e in e o ld

a ir ha s a lr e ad y e x is te d in B o x 1
.

T h e m o istu r e in e r e a s e a PPe a r s in the laye r a b o v e 8 5 0 hPa a n d
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.

R a d ia t iv e
he

a tin g a n d e o o li n g (i
n ”

C / d )
: (a ) s h o r tw a

ve h e a t in g in w in te r ,

(b ) lo n

酬
a v e e o o lin g in w in te r

th e m a劝m u m v a lu e ,

w h ie h 15 lo ca te d n e a r 7 00 hPa , r e a e h e s Z
”
C / d

.

Slig ht d e e r e a s e o f m o is tu r e

15 fo u n d in the bo u n d a ry laye r w hi ch m a y be the r e su lt o f u Pw a rd tr a n sPo r t o f m o is tu r e b y tu r
·

b u le n ee a e tiv ity
.

T he m o s t Po w e r fu lm o is te ni n g 15 r e a e he d in B o x Z : w hile in B o x 3
,

this Pr o e e s s

te n d s t o b e e o m e w e a k e r
.

I t 15 in a邝o r d a n ee w ith the r e su lt o f la n d一 a ir la te n t h e a t tu r b u le n t e x
-

e h a n g e gi
v e n in th e Pre vi o u s

sec tio n
.

T h e r e 15 a Po in t to Pa y m o r e a tte n ti o n in B o x 4 w h e re the

d is tr ib u t io n e u rv e sh o w s a la r g e in e re a s e o f m o istu r e
.

I t e a n
be in fe r r e d fr o m the str u e t u re a n a ly

-

51 5 o f m o istu r e in e o ld high g iv e n in the Pr e v io u s see tio n th a t thi s Phe n o m e n o n m a y re su lt m a in
-

ly fr o m re e v a Po r a tio n o f c lo u d la ye r o r Pr e c 1Pita ti o n u n d e r sta ble s tr a tifi e a t io n
.

T he

re e v a Po r a tio n o f e lo u d o r Pr ee iPita tio n e a n re su lt in lo e a lm o is te n in g
.

A m o n g th re e e o m Po n e n ts o f the a PPa re n t he a t so u r c e ,

w hi e h a r e r a d ia tiv e he a tin g
, se n sible

he a tin g a n d e o n d e n sa ti o n he a tin g
, ra d ia tiv e h e a tin g e x e r ts s o m e e fl七c t

, e sPe c ia lly in w in te r w h e n

the e o n d e n s a ti o n Pr o ce s s 15 ve ry w e a k a n d s e n s ib le he a tin g 15 lim ile d in b o u n d a ry la ye r a n d u P
-

pe
r la ye r o f th e t r o Po sPh e r e

.

5 0 th e r a d ia tiv e he a tin g (o r e o o lin g ) w ill Pla y a re la tiv e ly im Po r
-

ta n t r o le in he a t ba la n ee
.

T o u n d e r sta n d fu r the r th e e fl笼e t o f r a d ia tio n Pr o e e s s o n a tm o sPhe rie

h e a t b a la n ee
,

w e e ale u la te th e d is tri b u tio n s o f r a d ia tiv e he a tin g o r e o o li n g (Se e Fig
.

7 )
.

In

w in te r
, e o ld a ir o b ta in s a sm a lla m o u n t o f s o la r r a d ia tio n in B o x 1

.

A s th e e o ld a ir m o v e s s o u th
-

w a r d
,

the s o la r r a d ia tio n h a s m o r e a n d m o r e e
ffe e t o n he a tin g a tm o sPhe re

.

I n B o x 3
,

the so la r

r a d ia tio n he a ti n g 15 a b o u t 0
.

5
O
C / d w hi e h 15 m u e h la r g e r tha n tha t a t e a r ly s ta g e s

.

O v e r the

o e e a n
,

the s o la r r a d ia tiv e h e a t in g in fu lld e Pth o f the a
tm

o sPhe r e in e re a s e s to 0
.

5一 l
“

C / d
.

T h e

ve r ti e a l d is tr ib u tio n o f lo n

gw a v e r a d ia tio n in w in te r e o ld a ir ha s d iffe
re n t fe a tu r e s a s it s

ge o g r a Phic lo c a t io n e h a n ge s
.

I n th e s o u ee a r e a
.

任 ri d N o r th C hi n a (B o x e s 1 a n d Z)
,

lo n

gw
a v e ra d i

-

a tio n sh o w s e o o lin g e
ffe

c t in a thi e k la ye r w he r e e o o lin g r a te 15 一l”C / d
—

1
.

s
o
C / d In B o x 3

,

a n o bv io u s r a d ia tiv e e o o li n g la ye r a PPe a r s in the lo w e r la ye r
.

Fr o m its lo e a tio n b e lo w the
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Iin d d le la yer in v er sio n ,

w e m a y in fe r th a t it m a y be r ela ted to to P o f lo w elo u d j
u st u n d e r the in

-

ver
sio n

·

In B o x 4
,
th r ee r ela tiV ely str o n g p ea k s o f lo n

妙
a v e r a d ia ti v e c o qlin g ari

se a t 7 5 0
,

6 5 0

a n d 4 50 hPa , r esPee tiv e ly
.

It e a n b e se en b y e o m p a r in g q u a n titie s o f lo n

gw
av e r a d ia tio n in fo u r

d iffe
re n t su bd iv isio n s tha t the r a d ia tive e o o lin g 15 en ha n ee d w he n th e c o ld hig h m o v es to So u th

C hin a o r the se a r e
gi

o n ,
一2一一3 “

C / d o f e o o lin g r a te in B o x 4
,

fo r ex a m p le
.

T h ese re su lts ar e

in a g re em e n t w ith th e r a d ia tio n e o o lin g r a te u n d e r u n Per tu rbe d a
tm

o sPhere g iv e n b y A lbr ec ht

a n d C o x (19 7 5 )
.

So la r r a d ia tio n h ea tin g 15 m u c h m o r e sign ifi c a n t in su m m e r th a n in w ln te r
.

Th er e 15 a la r g e

hea tin g (l一 Z
o

C / d )
, e sPee ia lly in th e lo w e r tr o p o sPhe r e

.

T h e d istri b u tio n s o f lo n g w a v e ra d ia
-

ti o n eh a n g e a lo t in v e rtie ald ire etio n
,

b u t th ey ha v e a g en er a lten d en e y o f tw
o str o n g c o o li n g la y

-

e rs in the lo w e r a n d u PPe r tr o P o sPh ere a n d a w ea k e o o lin g la ye r in be tw ee n
.

T he ra d ia tio n eo o l
·

in g r a te s in B o x es 2 a n d 3 o f fo u r r eg io n s a r e large r (fi g u re 15 o m itte d )
.

T h r o u g h th e a b o v e a n a lysis
,

it e a n be se en th a t the lo n g w a v e r a d ia tio n eo o lin g 15 a n im Po r
·

ta n t e o m p o n e n t o f he a t so u rc e in wi
n te r ,

wh ile the im Po r ta n e e o f sh o r twa
v e r a d ia tio n a ri se s

elea r ly in su m m e r , esPec ia lly in the la yer n e a r the su rfa ee
.

V l
.

CO N C L U SIO N S

In the P r ese n t Pa Pe r ,

8 ea se s o f str o n g e o ld a ir a e tiv itie s in d iffe
r e n t se a so n s o f 1 9 8 1 a re se

-

le e ted a n d stru e tu r e s a n d he a t ba la n e e o f e o ld hi g hs a t d iffe
re n t sta g e s a r e d ise u ssed in m o r e d e

-

ta il
.

W e h a v e Pa id a lo t o f a tte n tio n to ea le u la tin g the s
en

sibl e a n d la te n t h ea t tu rbu le n ee ex
-

e ha n ge s o cc u r r in g a t la n d一a ir in te rfa ee o v e r C hin a fr o m a re la tive ly c o m Ple te d a ta set o fs u rfa c e

o b serv a tio n by u sin g sim ila rity th eo ry W e ha v e a lso eo m Pu ted tu rbu le n e e d iffu
sio n Pr o ee sse s ,

r a d ia tio n Pr o
ces

ses a n d a PPa ren
t hea t so u ree a n d a PPa r e n t m o ist sin k by u sin g u PPe

r--al
r s o u n d

-

in g d a ta
.

T h ro u g h the se a n a lyses
,

w e ha v e o bta in ed th e fo llo w in g r e su lts a b o u t str u e tu r e a n d

Physiea l tra n sfo rm
a tio n o f the S ib er ia n hig h :

(1) T h ere a re tw o kin d s o fin v er sio n s in w in ter e o ld hig h
.

0 n e is n e a r th e su rfa e e an d m ai n
-

ly in so u ree a r e a a n d N o rth C hin a w h ieh 15 c o n n ec te d w ith str o n g lo n g w a v e r a d ia tio n o f su rfa e e

a n d th e lo w e r a tm o sPh er e
.

H o w ev e r , a s th e eo ld hig h m o v e s so u th w a r d fu r th er ,

this kin d o f in
-

ve r sio n d isa PPea r s
.

T he o th e r kin d o f in v ersi o n o r iso therm
a l la y er d ev el o Ps in the m id d le

tr o Po sPhe r e w hic h m ay be e re a ted b y la rg e一sea le d o w n d r a ft h ea tin g
.

In s

um m e r ,

lo w s ta b ility

a n d str o n g tu r b u le n e e a e tiv ity m a ke in v e rsio n in sid e e o ld hig h d iffi c u lt to fo rm
a n d to m a in ta in

.

(2 ) Co ld a ir tr a n sfo rm
a tio n in tem Pera tu re a n d h u m id ity sta r ts ju

st a ft er its d ePa r tin g fr o m

its so u r c es a re a
.

In w in ter
,

th e tr a n sfo rm
a ti o n 15 in te n sifi ed a s eo ld hig h m o v e s so u thw ar d a n d

th e m o s t v io le n t Ph a se 15 r e a c he d o v e r the w a

rm
se a su rfa ee

.

In su m m e r ,

th e m a石m u m eh an g es

a Ppe
a r in M o n g o lia a n d N o r th C h in a

.

(3) A ee o rd in g to u Pw a rd tu rb u len t he a t tr a n sPo r t n e a r the su rfa ee
,

tr an sfo rm a tio n 15 o b v i
-

o u sly str o n g er in su m m e r w he n to ta l he a t n u x c a n r ea e h 4 2 6 w m
一2 th a n in w in ter

.

se n sible

he a tin g 15 a m a in fa e to r in tr a n sfo rm
a tio n o n la n d

.

In su r口r口er ,
the a m o u n t o f la ten t he a t tr a n s-

Po r t m a y be the sa m e o r ev e n la r罗r tha n th a t o f se n sible he a t tr a n sPo r t a n d the s tr o n g est u P
-

w a r d tr a n sPo r t Pr o ee sse s o fs e n sible h ea t a n d la ten t h ea t a ll o cc u r r ed in N o r th C hi n a
.

(4 ) It 15 in d ie a ted by e a le u la tio n s o f th e su rfa ce t u r b u le n ce fl u x w h ie h ha v e 4 o b ser v a tio n

tim es ea e h d a y tha t the Ph ysie a l Pr o ee sses o cc u r rin g in the lo w er tro Po sPh er e h ave r e m a rk a ble

d iu r n a lv a ria tio n
.

N o t o n ly q u a n titie s o f fl u x h a v e la r g er d iffe re n ce
,

bu t a lso d ir ee tio n s o f fl u x

m a y be re v er se
.

5 0 it ea n in d u ce la rg e er r o r o r

eve
n gi ve m is u n d er sta n d in g if o n ly d a ily m e a n
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6

d a ta o r 0 8 B T a n d 2 0 B T d a ta a r e u se d in e o m Pu ta tio n
.

In w in te r eo ld a ir a e tiv itie s ,

m ea n m o
-

m e n tu m d r a g eo e ffi e ie n t 15 5
.

5 x 10 一3 a n d m ea n t o ta lh ea t n u x 15 7 5 w m
一2 in N o r th e h in a

,

a n d

5
.

9 x 10
一 3 a n d 5 4 w m

一2 re sp ee tiv ely in the ee n tr a l a n d s o u th e h in a
.

In su m m e r , e o r r e
-

sp o n d in g v alu es a r e 6
.

6 x 10
一3 a n d 2 5 1 w m

一2 in N o r th e hin a a n d 7
.

7 x 10 一 3 a n d 17 2 w

m
一 2 in the e en tr a l a n d s o u th e h in a

.

T he
se v a lu e s a r e less th a n 2 5 6 w m

一2 o b ta in e d d u r in g

A M T E X
’

7 4 (N in o m iy a ,

19 7 7 )
,

bu t the y a r e u n n e g leg ib le a
fte

r a ll
.

(5) Fo r w in ter c o ld h ig h
,

th e o ee a n 15 the r e
gi o n w he re 15 th e la st sta g e o fits tr a n sfo rm

a tio n

a n d 15 a ls o the m o st v io le n t Ph ase
.

H o w ev e r ,

fo r su m m e r e o ld hig h
,

be c a u se it ha s u n d e r g o n e a

th o r o u g h tr a n sfo rm a tio n ,

th e a ir m a ss d o es n o t eo n tin u e to in ere a se in tem Pe r a tu r e a n d in h u
-

而d ity
, o n th e eo n t ra ry

,

its tem Pe r a tu r e a n d hu m 记ity b o th sh o w a d e c re a sin g te n d e n ey w he n it

tr a v els t o o ee a ll
.

(6 ) T h e tu rb u le n ee d iffu
sio n eo effi c ie n ts o f the a tm o sPh er e a b o v e th e su rfa e e la ye r in d iea te

th a t the re a re tw o str o n g tu rb u le n t a etiv ity la ye r s fr o m the su rfa ee t o 10 0 hPa in sid e e o ld air
.

O n e 15 in th e Pla n eta ry b o u n d a ry a n d the o th e r 15 lo e a ted n e a r th e je t str ea m
.

T he ex iste n ee o f

the tw o str o n g tu rb u len t a亡tiv ity la yer s
, e sPe eia lly th e u PPe r o n e , e a n b e fe lt by stu d yin g hea t

b u d ge ts
.

It im Plie s th a t e le a r一a ir tu rbu le n ee m a y Pla y a so m e Pa r t in he a t ba la n c e o f eo ld h ig h
.

R E FE R E N C E S

Alb r ee h t
,

B
.

a n d C o x
,

S
.

K
,

(19 7 5)
,

T he la r ge--
se a le r e sp o n se o f the tr o Pie a l a tm o sp he r e t o elo u d 一m o d u la te d in

-

fr a r ed he a tin g
,

丈 A rm o s
.

Sc i” 3 2 : 1 6一2 4
.

B u sin g e r
,

J
.

A
.

,

W yn g a a rd
,

J
.

C
. ,

Iz m m i
,

Y
.

a n d B r a d ly
,

E
.

F
.

(19 7 1)
,

F lu x 一Pr o fi le r e la tio n shiP s in the a tm o sPhe ric

b o u n d a ry la ye r
,

J
.

A tm o s
Sc i

. ,

28
: 18 1一 18 9

.

D in g Y ihu i(19 8 7 )
,

D tag
n o s tie M

e rh ode in sy
n
op tic D 夕n a m ic s ,

Seie n e e P r e ss ,

B e
iji

n g (in Ch in e se)
-

D , n g Y ihu i a n d K rishn am u r ti
,

T
.

N
.

(19 8 7 )
,

H ea t b u d ge ts o f Sib eri a n hig h a n d the w in te r m o n s o o n
,

M
o n

.

醉f 亡a
.

R e v
.

,

1 15 : 2 4 2 8一2 4 4 9
.

L e n e ho w
,

D
.

H
.

a n d A g e e ,

E
.

M
.

(19 7 6 )
,

Pr e lim in a ry r e su lts fr o m the a ir m a ss tr a n sfo rm a tio n ex p e rim e n t (A M T E X )
,

B u ll
.

A m e r
.

M
e te o r

.

SO
e

.
,

5 7 : 1 34 6一 1 3 5 5
.

L o u is
,

J一F
.

(19 7 9 )
,

A Pa r a m eter ie m o d e l o f v e rtie a l ed d y fl u x e s in the a tm o sPher e
,

B o u n d
.

L叮
e r
M

e re o r 。 17 : 18 7一 20 2
.

N in o m iya ,

K
.

(19 7 7 )
,

H e a t en e r g y b u d g e t o fthe P o la r a ir m a ss tr a n sfo rm
a tio n o v er K u r o shio r eg io n u n d e r the sx tu a t一o n

o fs tr o n g su b sid e n e e ,

J
.

M
e reo r

.

So
e

.

Ja nP
a 月 ,

5 5 : 4 3 1一4 4 1
.

N itta
,

T
.

a n d 5 0 ,

5
.

5
.

(19 8 0)
,

Str u e tu r e a n d h ea t ,

m o istu r e a n d m o m en tu m b u d g e ts o f a e o n v e etiv e m ix ed la ye r d u rin g

A M T E X
,
7 5

,

J
.

M
e te o r

.

So
e

.

扣尸
a n ,

5 8 : 3 7 8一 39 3
.

Pielk e ,

R
.

A
.

(1 9 8 1 )
,

M e so se a le n u m erie a lm o d e llin g
,

A d va n ees in G e
叩抑

s

ics
,

2 3 : 18 5一3 4 4
.

Sha Pir o
,

M
.

A
.

(19 7 6 )
,

T he r o le o f tu rb u len t h ea t fl u x in the g en er a tio n o f Po te n tia lv o r tie ity in the v ie in ity o f u pP er一le v
-

elje t str e a m s ,

M
o n

.

附亡a
.

R e v
.

,

10 2 : 8 92一9 0 6
.

Y eh T u c he n g a n d G a o Y o u x i et a l
.

(1 9 8 1 )
,

M
e re o r o lo g 多

, o n th e T ibe z a n Pla t e a u
,

S e le n ce P r es s
,

B e
iji

n g (in C hin e se )
.


