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Fig.1 Schematic diagram for the constrained relation between 8, and vorticity
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Fig. 2 Meridional cross-section of 8. distribution

at 105°E on June 26, 1993
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Fig.4 As in Fig. 3, but for 500 hPa from 25 June to 2 July, 1993. (thick solid line: zero line,
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Fig. 5 Distribution of 8. and wind field at 700 hPa on June 26, 1993. (thick solid line: 345 K)

& 5 % 700 hPa 6. K54, X HEE 4 qfUERBED. M TFREFIHEKEF
6. EH, FU 345 K ML INEL), %45 500 hPa & MPV1 ZEM A —H.
HIEALUILR 6. REK, B SMEE . KEBXARXME, MAFEZUE NSESR 0.
KEX, B, SMSHXFEFERABTSHANXRAMEXE. PETFE 1+
IX, XEREHRELABOARER. HE 5 7N, 5REKIELL T WEHA WAL R
FEORKMBEH. 28 Hl FRE XM AT MR IE, F5586 XMA24EILILHm
AR R — 4, EX— R REKXWE MPV1 TR LA E 0~20 ZE M mILHX.
6 H29 H~7 B 2 AWK S MPV1 BLRM L E 5 87R K15 5L K00 (EHw). 7 MPVI
SHEEHMEBNELRME, ERABEAXILMAHNFKRES. EERERNAE
Wby, B, MPV1 AJ{E R RBBE KN ERRERM—EF. £ 19946 A7
~14 BB —FIREKE RS, BAKKHOERERY 500 hPa & MPV1 ZLHREFH
XE, HYEE 1993 FEANAEEMWHEN, KABKRE MPV] (XRIFEMLHE, K
JRE T TR,



I XIEB%: BURSHAREKRIH=Z2%HK 281

3.2 RBAERKIERN MPV2

43#7 700 hPa & MPV2 #4375 (E# ), 25. 26, 27 H V)l ZHpy K KL F 8 B A&
il MPV2 EEAOHRIEM, T 28 HIGMEKW R, WEB3, 6 H30H~7 A2 HBE
FE A, L —HER, a5 RKMEEE L PGS ¥ 850 hPa ERP.OHHEEAE
FEXT R

W MPV2 5K (O % MPV21 #1 MPV22 K3, i — 384, £REHERH
X, MPV2 ¥ E F B R MPV21 MR, /e —BREAERIUE MPV22 8 EBEH
(EEg). BT —TATRRITESER, BT, T —BRBRAKLTREBITNRERNRE
X, MPV2 HAATFRELABEANARZ EHNRMERERREE. /5 —BREA R 4 TR
BEBHMABEXAN, MPV2 HATEEBENARZ THRMARERFRE.

HXHR(8], AT FERRGCIREHN

MPV =¢,8,, = ¢,0., + L6., = const (6)
R THRn, . p HHERGS LHEEMH M, AT 2. y FHNEESEE p 97
B BT G G & ABIRREEA T AOHREE, B Oy = 57 0= 57 G B
I ENOL P

— G- Lgm g %

% 6.,>0, Ep}%’%ﬁz’iﬁ$%ﬁ%{*?, HA L 60.>0B1 MPV2>0, EHBREA S

BIBCKHK. AP AR RI K, B i THIKRIE >0, 520,

MREHREXN IR, XX RZIBIR. B—-FHELE 0.,<0, IEMRARER
T, RE L 0.<0, P MPV2<OB}, EEHREAEBIRAMEK, HHHRETHE

WM S EAWSLAR. H6f, B IHHE 32 <0, IR (1), SUASS<0, B

WREATBRIRAHK, HHXERE THHEXR, 755 06X EHS K ER.

B LRSI LE Y . MPV2 RER[BERER. REURRERENLE XY
HE. YTEHEMEIREAER, ~BREBAERXAPOCHEBMEROHILR, FE
HRENERK, R EHEE, WEERAREK.

4 SREEKEE M = 4ERMEN

Grhfrd, SREEEBAMEIREAL, BRAEEBEKBESKEKH T,
MPV1 { BB EREHHARREER, MPV2 WA SAEIES R K T8 8 8 77 [ /58
FHEYHR, BREKHEERKIEHIHARETRERBERNEGHNEIREES
AAEEHESHNGR. FEEINAARENYWERR, X TFRITH*E P NERREK
RERBHULE . REREKBROEIREFENY. Hé EWIMEKIBRPAAUE
X (MBBRARRERK D EESHE, IMEEHHURKGERFIER, EXHRA
ZHREX OLERAMEFITL, MEAEX, RBEERELRBEERNXE, ZK



282 M OB | R % # 7%

W, ZREEERA (EEXLREHES, ERATHREENREEEZS; AKRENRE
RHZGT, ZRZ2EREK=ENEERT; AXNEUEKE—-BERBERNIF. 2R
ZERE—A(RMRKDERENR, KFREESEHBEENRYENEM, B MPV2>0. %
RYAMBEEERNER, MARZ THE—MHEHRBERR, XE MPV2<0, &
AMRANEEARNERZERES, EERERBEH; FAFRARS, HEEmMmA
BZESOXIFERATE. ELAZIHTH2BAFLT, YEEHENNERESSEES.
X RERET, KXW ELZSFEHFEMERRIE, MM AFFBE L 1993 4
6 A26H, 199446 A7 BN, KEWEXRF MPV2 EEFOHILRT. K2, 48
HAAMP R ZEEER, ERRERN, BKEKYRFEHFEEHME RREFRRS
&, MEMEREFRFNMRTQ93E6 A28 HER 199446 A 9 HEWEKELE
W3, KWNFHEMT MPV2 EHLHER. YHXEERABMREN, BEXNE
BEHXBEA, BAKBEPIRBML 199346 H 30 HKX 1994 4E 6 H 9 HAH), HEH
X4F MPV2 ERAFHBERAL.

_ 1993—06—30

e et
e e .
e o—— r—

""-"
8= ——

* & (km)

1994—6—07

E=—-— ===
—— e~ o 0 M iy, WIS - T h— e - o
Ny == : T av-“m. . = __m;‘\‘ﬂh‘-.h '\
— =t 4 T ,‘-‘hqmu"‘b\\ e
14::\ e S A g =y . B L, ."".s{:‘“ e~ Sy
e~ Y = by } A TRy =
R SRR SR R e
ANt N 0 ;ﬁ:"w.-*-.-‘
BT NS e 7 NN
¥ 1 ' =; " :_\\/:
’ ‘ J \ éd' 24
pEd D) ‘

Boisen, _'_‘;‘ NN\ SV \\‘\\ -
7 ug 15 is 1 2
(1,875 % i) A (1.875° % ;)

M6 BREKEENSSRUEN EALXYT 0K AXKIIRAL RENSARNE
HHEMAR, KWL HRAKHFAR)

Fig. 6 The three-dimensional flow pattern around cold front with heavy rain(thick solid line:

0, isentropics, fine solid line: isanemone, barbed arrow: composite of meridional and vertical

components, large arrow: rainband position)
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MOIST POTENTIAL VORTICITY AND THE THREE DIMENSIONAL
STRUCTURE OF A COLD FRONT WITH HEAVY RAINFALL

Liu Huanzhu Zhang Shaoging
(National Meteorological Centre, Beijing 100081)

Abstract

Under the constrain of conservation of moist potential vorticity (MPV), vertical vortic-
ity may develop explosively (slantwise vorticity development) and result in severe weather
such as torrential rainfall. MPV is related with stability, baroclinity and vertical wind
shear. Its symbol (positive or negative) is determined by their allocation. In the middle tro-
‘posphere (at about 500 hPa), the region with negative vertical component of MPV. i.e.
MPV1<C0, is a transition region between cold dry air and warm moist air. The zero isopleth
of MPV1 or the region between 0 and 20 (0. 1 PVU) can be considered as the northwest
limit of a torrential rain area. The horizontal component of MPV, i.e. MPV2, is deter-
mined by moist baroclini{qy and vertical wind shear. To the south of the front, air is convec-
tively unstable. Positive MPV2 centre can appear above the lower-lever jet, and terrential
rain may occur in the region north of the centre. To the north of the front, air is convective-
ly stable, negative MPV2 centre can appear below the upper-lever jet, and heavy rainfall
may occur in the region south of the centre. The vertical circulation and the three dimen-
sional thermal structure across the front region are given.

Key words: Slantwise vorticity development; Moist potential vorticity; Three dimensional

structure of front; Torrential rainfall.
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