—

FORLE ] FRS G & Vol 2. Nu. d
1997 S ) SCIENTIA ATMOSPHERICA SINICA May 1997

KRERVTHMTBERRELZR"

ORI ERERE R O FRATEA IR BT TR RIS 0 B g T, ks s

W oE A AR 2 1 PR T R0 TR AT UL PR I TR R R, MRS R L B o
Y o PG L IR B . D T OREE S 17 5 2 BT e T T A R R, A SRR e
ZA by B P b I RN L A BB L HH (AR R MBE TR R B . LM R ER LD
BLREUT . T ARk e, AEPR T R R M R A BRI . IR LR A O A
LERN-RA S R, fEN AT AR B AR ORI K R R T A S R o
fr. #1991 4 6 12~ 15 AT B B i BB B0 L8, MOndardr. BT ¢
MR P, FI AR A SR A3, AT B R [ R B
MRV A S 1,

xegiE  iafiad MEERR ARADE

ik

1 35l

KEHPABRMHEEZBSRoNBHNES, EEEHNABERA . FHTH
PR AL E Y R B, R R BT R O R R R R RS R R AR BRI
—TEENE.

648 B JC BE R T 28 S 7 — 1 e T IE M Ertel i #5888, Hoskins Y% &
Ertel {i i Py MEK &S0 IS W0 ity b FLEF T REEM r i, — BT S, P 0T B9 asih
ERSAHMBHME BB M, HEMEERE, LHAMREE, P EHM
W BH, P AR AN HEN. FEERSE, R kBkai b, Petiriil
£ 1 RBR

Bennetts FT Hoskins' ¥ b Boussinesq EELH %, SIABREHE, BRI NY
feiift, REAT NS R ERE AT RIHE, SHM SRR LR, UL Tk
KEHMEI A PBERATEE. FIREERGE - FESME, 2. 3 orilef
[V TR (A 2 A5 LB T SR A A A A b PR G TR AT RETE B R LA R R FRIE. A
e IEE ERES MM R EHREER, A FEBHEMREERETES R
4R A WS R AR R, HERMAREERNLER
flo 35S TREH 1991 5 6 H 12~ 15 B ETEILRNE T BEH0 F2E K Brl BEA T 5 Hahi
iR 47, BERMURHR R RGBT R B . 3 LN eI AL
6 i tha

1995-04-17 WeHl,  1995-09- 15 W Bl 1% i B

w A PR R FLE RO AL < (B ah A R (ot TR FR ER A BT 2 e RS- 006 228 3 T FL =7 WL 3 v e 1 il
HBERE BT RIS Y




274 K { # ¥ 216

2 REEEMSH
MW RRING R T B EE (P LR, A

4P =0 (PP (
I PSPy o (1)

P.o=ual,+ V0. =E%X (PLP) i2)
A o BEE, T OABMIRE, 0, 08 500E, BE2. fahTENEM R A
B, WAIR P, BFEAN KR

8, =8(r,, Tc)exp(CLq;E' )
pfc

KPT HARZHAEREEE,P LOERE, Bd omrtEakmer., 7=
B(Pg, Tp) FHs“O"ERTEHRAE. FUA

Lg, -
g, =0(Py, TD)EXP(CFTC ) 13
1991 % 6 )1, AREMBDEFY & 22 85 0 A T i Al BN o TR B IR 5, o i 8 1R
MR, B9SSanMiEd. b, HELBRRRENSESSE%A L s
SWSIEEILRERLE, 11~15 QAR E SR, EEF&LHE (H 1D
b, FSRHGGAE 12~15 PR BEE BT BT 150 mm, @RS RMHEN. H2Hl
1991 % 6 A 9~ 16" B4 X 00Z iy 115°E Mg AL Sl foisas . &80, 31°N LIMeg
FEAFEABRERR (0, <0). BT ESWENH, EREFH SON BB,
11 B %o, i A FWEXNERRE (MCI<0) X, 6, M 29~35N d46i§ +4>
BESr, BeFRFFEGHIIEIZLO B, WIHEHALSRETTHRIEC A M, Z1 R
HEAN. 14HLUE, S5 -RMNEREEREFES. 15 HIERESSHBAN®
WA BESSEE29°NUE: —RBNEgmdRE s,

3 TRE#EELREIL

B0, AT E Sk, EFHBARFERD TEEMERAEL
_ an, s
Pn=— ch‘ﬁ & const. (4)

TEE P A S0, KE AR, (O XA ZETALA. S0, MR, FR L fn
FIERF N
xlal V0. | = const, ()

XEML AT, EO BN L. N ve, AEN, BEEMIEER L] N



1 SelE BT, U A UFER N IR A e 278

@)

S
o / S

24°N hl99t—0|6—|1! L 1 LA |//D 199|—06—12I L1 1 1 1/?
T T T T T T T ¥ ] T T

BN

N

2q°n| 1991-06-13 . 1991-06-14
109°E 116 123 109°E

3I°N

§ ~
1991-06-15
L09°E 116 123

24°N

1 199186 4 11~15 A% B 24 e 5TR oA
‘B 2% Tl 4 20 mm

RIB A TR —0, BEE 1 (2L 3. tRM Z %k, WA

a8 fali]
- ¥ b + af i 6)
P 4 dz oy EL {




2t

&/ hPa S & /hPa MIE / hPa

~[E / uPa

€2 1991 6 H 9~16 HER OOZ ¥ 115°F Shi 1o, (5 4
WAL A0, =345 Bk, FATELER NG, BRIE Bt i L T 7 f0 4

E T O B SR SR LR B
ar
o J I, LR i

'z

W
W

. 1csl=f

{EER A
e, ot

P =af, tal -

iz

=al;| V8, | =const. (7

EAZRM, R0 B R T AL
MR, AR T A B A

20, 7 asti ¥

_—b'W‘ ——
NP AAs K 3- e KT X4 R g L
B LI ‘ Ay R I‘L"?i{mﬁﬁqcm?ﬁﬁnﬁ
BAE =al,, Wik RIS 4



3y A Lib P P PR o T 3T By LRy ) 7

TR AN EE I Ro0, / oo <Ot dn b 3 RR A5 e, I [ Hbis A, A2 RRRE. 0,4k
o NTEMIH RS E. B LR THE. MRS A TG s s - T S K
Bl M D sl VLN B I EDEL . Wik, s, M A b SR CER LT 4
AR Yoo T LLEEMA(E — 451 i, WP iRdR . Hgnh () i3, ®i1#

Po=<, 0 =<, 8., &, 0, =const. (%)
Hitk, figds
g =al — L0 0, ©)
GaE o
anf=0, /0, (-2 <p<l) (10)
i

COSﬁ = Ocr 7 Gm >0 .

&, = C;';ﬁ —&otanf . (an
SHM (9 &, N

CM :‘fsaes /Gu <0 . “3)
I

£,

P + E P .

& osp |5 [tanfi (13)
el 3, EHRAK

£, =CD=DE+ pc=A8 + ACtanf .
cosfi

Hi % 8 vm s 20 (13) AERAMS s ksfn, HER

pons W, f, 0w (14)
oI A4 L S R T RE SR, RHMREARIRE. hMEHREEBGSVDIN -
e b3 o O
%#}}.[Ej, iﬁ
g0k, & -, (s

X Bl A Hoskins SV TR 1.
£ P s E R BAME T, 48 AR, a3 LERVIR/ADRE BT S8H
K EHE: . XA FRIERRERT B, <0, Kl 1D RE®RE 0 AhW
A R 7k E o i
e, >0 . (16)

MAEED, <0, RSk EEEREREE <oV, 76z <0, HIFEXRZMRA (B
W gk[S). F& (2 ~ (14) &K Q6 HFM, EHEAREA TP, mbE L
b, MR IR Kk Ay BOD RN (B E AT R, MR AE D, BLe
ERARERBMER, HRENZBEER.

£ (D ~ 2y Xhslet hnil, B P AEE SR, FHEELEENKEY




278 X T - - Mo

TebbA VR BER T B DB AR % phk ol 538 0 iR A0 2B A

Po=—glfi+ v, x )+ v,0, =const. (7
W LR~ BATE SR, B BTG Mk Ea R, W
P = - gi,,% .
- (18
Po= —gfx% - V,0,.

sz, = rr (08 <S8 ) g i R T A3

.‘| thEl
dx @y’
P, =Py + Py =af,| V8, |=const (19

P REREREHEEBES IHEL, O X5 ZeHkdd () SEARTH
Wro BE B+ FEHSHRESENEE (BUE ) fErdfrhlikRg iy,
HIE (18) AMEX, SVDMED &4 (12) RAT&£EH
Po: /0, <0 (20

o FHERERR (0, > 0), (200 REKEP,, <0 EEFBIACHP,L DR
(B W CER[SD . FHTES IR E K, SVD WL ME LSk, B2, MA'K
ARRARE (6, <0 B, SVDMFESRIEDNP . HIEE, KM EEF 7.
G2y fn 200 AFEA, SVD TLAEMERERSPERAE, WIUEMKERBEE AN D
ez, (14) XMEHW, 6 HHBETEREABMEBREEE R4, M 2 da gL
0, mgBE A AL E | PRFAE, ERERRH—MEE.

4 RTARRTRIARAELARMLERMG

HRFEENERLDEM SVD MM, RITERRFHETREL . AW
W, B 3Py S BERGEAL, B4R TR <0, RE D Ak 0
A, fEFMBE &R MBS R, B, =du/ oz <0, Bk SVD R,
B, HEREIGE (H4 WLRAME, P, THER
(§8h)g = (&0 )aq -

ﬁ%ﬁi(an )G Z(GH)A[), ;}:I‘?Zﬁ
(‘fs)G = (E_U) :(52}.‘\0 >0! i’rﬁ=n/2ﬂﬂ‘ .

¥ ‘G
LARY, ETARL, AREGESD, & EFR, BTN (RiRaKE 44
ETHELA LR RE—1R5z, & %0, mpydERRHR, §, HEMRERE” (LLD %
st M. AT E: 28 =0, RIE (9 X, HLHRERED
{e=nlen /0, =40 So0sfy =R/ 2y (2



R FIRMET. W AR R R MR R 7Y

WA KW, LLICWMEEBERL FLLI
FRALEERE. SIRSERTE, T A R,
FERAE S % SVD BB E R, 45
(9 Rtk SR AT
14, _di,

B+ (fHIV T
a dt dt SRAAR A

B #0. (22)

bR B P Ao o 3 B E (R IR A R &
T, iS5 R A A I O A
BEAM. BB, %46, @HAAT @A,
Bl &g, =08, (22) RFHEAMPHN
BrfePHe iR, BB (IPV) PO g qoai Ly S0 maRm XA
1T 0 B

a0,
4 [+ Cl)a—z] =§;

ar (Ar]1=0. 23

fig QD X, BHM6, B TRHTAFTARERBOFEND

1 1
g, + A1) 8.0

Cult+An-Cy<p, [ ], 8, %0 . {24)
BRI+ ABTRIE M0, LA B A FIRE (B+HAD fa, W SVD % &M
(24) AETER

I 1
0. f+AP)  6.B)

WT 4 (22) Kb, REY (24 A8 (25 RFRE, AHI, /de>0, MWk
(24) & (25 RBESVD RENSE R

REZNITLLES, X (12) Rk, 56, @ THHSRL4E, /dr >0,
2, 12) AR TFHEHSYD ERMES Fik. KLl 3frmASEEARAGE
M (P, <0 AFFERREN (0, <0 BTN <[6,,(4,)], Bt (25 XM
WL, X TEA L. =0, #iE (12 A, ZECy =0, HEEY PR A
W O &, Bo, ) <obt, (25) REMA AN, HEAFR Q59 KA PR
., T& (12 REFWSVD A &H. #E QD X, Ypl&mM /20, 0,8
%, SBIHIRHRER B,

CxlB+ AR — Cyu (<P, [ ], o, #0 . (25)

5 SEEEARARSHT

EWHEEAIT 1991 £ 6 F 11~15 DB BPERE L P, MHE LR

s A S SR = . SR <1 o A b



280 IN TR

'3

2 %

RTE R A B 2 T i s

TP RAREE S, AT, XEMBE, K]S 4 9~16 H 700 hPa |-
BT KT 22 G P BP0 (BRI KT — A B P, X, K
AR ESEIIR, 700 hPa LL T {7 fEAE75 20615, 700 hPa BF IR0 5 302 L0 15118,
’ J0°N

P o

J!I:'/

/(C'

O N R T AN B (}F" /h v P2
mnN[(b} 199101~ 600 [ 700hPa MPVZ [0 1991-01- 14—00|\ {  700hPa MPV2 |

T0°N

S0°N

30°N

{g) 1991 01-15-00 ,\ J 700hPa MPV2 |

pils

i [ i ‘C\ \/ (. Ll
oen @) 7981 01~ 12—07 /j_u To0hPa MPV2 ] [ (b} 1991-01- nsrﬂoL,:.{ 700hPa_ MPV3 |
60°E %0 T 150 60°E 90 120 150

¥ S 1991 4.6 H 9~16 H¥EH 00Z 700 hPa i [ A5 T 0 WP o, TSRS
FEEERIRA 005 PYU. RIKKHEE K4, MUK F P, >0.1 PYU B B



3 SRR U T ERE R R A axl

W IL Wi 7u /02 <0, 08, 7 0r <. WP S LVELERT. k. TR LY A0 0y
P o BOEE A AT P10 78 S i ARG LS IR T A o iR T SR, I S by b B
0T A T PRI 5 P K RS AT ISR A, L1 R B0 b 2y S e B A7 U
MM i AR E (P, <0 Bl KBl et BRI P, 0 I T 1
MRS FESR I DL F o B A3 Y 518 P o LB RS e, (B TR N
AR 16 HEE#H 700 hPa 36 T §0E DGR T, BOELLP 0 1R UE 4iik. 51
HETR B B i 3 R R

PEEEI | FIE] 5 B, Py B X 55 B oRi L A ARAT 0 o b Ko B LRAEGH S e 2 il
BB TE LISE B4k, P, EH AR S S H R R N, XIbE, ik
# 12y A, SVDImA S KA WE, Hb FIEme, midEwee v, p 80
~ w2 (EFARE LSS FR B BN, SYD RAMS BER M (240 NiblaTrd
WRH . Bk, TR0, mIOAAER THIARE & AT B R

6 THEHLit

TEINA, AR, Z bR P AR PO RanY LIKAR, HRAEE L0 T A,
AJCHE T FHrMAHRE & R IR. {EF Gtrs T kbnh, sERERMML. k
A AR L Vo, B AR RO R M B RE R . X RRASAE [ A
PO, B 7R MUR SR M. tARRE A, SUBEPEIR I B £ 4 T N R 3
Ko o Rtk YRETRBRIEXE, WA TR R, SR
MR, AL L, BE A, MR CHE B RE L, ol 47 OB i
BEES Re, Huk, ARZE i G i oy B AU MR R BE R R 2 R S Bali A H BRI B L
R — T EBENR.

ASOE W LA B H RS AR e RSB, BAT FHMIRIL A
BEFEMES Ftb. SRERY, BARFEER A G A HEH L KM A&
REVR N, R R AR, TR R 4 G IR IR A1

& % x m

W% s, 1980, ele B, (R, 2250p.

Ertel, H., 1942, Einnever hydrodynamischer Wirbelsatz. Mcteoralag. Zeitschr. Braonschweig 8,277 ~ In|.

Hoskins, B. I, Mclatyre. M. E. and Robertson, A, W.. 1985, On the use and sigmficance af isentropie poetentin

vorteity maps, Quari. J. Roy. Meieor. Sac 11, K77~ 946,

4 Bennetts. D. A. and Hoskins, B. 1., 1979, Condinonal symmetric instabidity -a possible explanation for lrontil
cainbands, Guars. . Ror. Meseor. Soc, 105, 945~ 962,

S Gelulgh, S, HTRE. 1995 BRAMEHEE LR, (R, S34). IRT- 408

6 RO, 1991, JRREER AT, RE AU ER. COR IT) SK~61

12—




2K2 x ‘

i
=
=

R

Vertical Wind Shear and Down—Sliding Slantwise Vorticity Development

Wu Guoxiong and Cai Yaping

(LASG  Insritute o fAtmaspherle Phyacs, Chinese Acadesmy o f Scicnees, Beifrg 100050

Abstract Based upon the conservation praperty of meist potential vorticity (£, ) of an adiabatic,
trictionless. and saturated aurosphere, the development of vertical vorueity in a moist baroclinic pro-
cess was discussed. When moist isentropic surfaces are tilled, the application of the traditional
“isentropic patential vorticily™ (IP¥) analysis is limited. A theory of slantwise vorticity development
was then developed to investigate the vorticity intensification frem a Lagrangian point of view. Il was
shown that in the area between the south of monsoon front and the north of warm and moist air mass.
moist isentropic surfaces are stiif. This area then becomes a favorable region for the development of cy-
clone and torrential rain. The necessary condition and sufficient condition for slantwise vorticity devel-
opment are discussed. U is proved that in a convectively unstable and saturated atmospherc. the
occurence of slaniwise vorticity development must be accompanied by the existence of a low level jet.
Application of this theory to a case analyses of typical monsoonal torrential rain shows that the £,
unalysis, especially the analysis of Py (= -g(/= (@0, 7 dp) and P (= gk XAV /i ap Vot )l
isobaric surfaces in the lower troposphere, is very effective in identifying the occurence of torrential ruin.
und may be used as a powerful tool for the diagnosis and prediction of torrential rain.

Key words moist potential vorticity slantwise vorticily development veriical wind shear



