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Abstract Conditional symmetric instability (CSD is considered to be one of the mechanisms for the development of slantwise
convection, and it is often used to explain mesoscale precipitation bands associated with fronts or rainbands observed on weather
radar image. Many instability criteria can be used to diagnose conditional symmetric instability, such as the CSI slope criterion,
the slantwise Convective Available Potential Energy (SCAPE), the moist symmetric instability (MSID), and the equivalent po-
tential vorticity (EPV). However, forecasters are not sure whether these criteria are consistent and how to use them in opera-
tion. Aiming at the confusions mentioned above, the similarities between two criteria of conditional symmetric instability and
two criteria of conditional instability are illustrated first in this paper because weather forecasters are more familiar with condi-
tional instability. In operational application, the slope criterion is used more often, i. e. the slope of geostrophic momentum
surface is steeper than the isentropic surface but more gradual than the surface of constant wet-bulb pseudo potential tempera-
ture. Since the environment that is conducive to slantwise convection is nearly saturated in a deep layer, the instability criterion
of CSI is equivalent to MSI. Derivation and case study all indicate that the criteria of EPV and MSI are consistent and the two
dimensional EPV is another expression of MSI. Comparing to subjective judgment of the slopes between constant geostrophic
momentum surface and constant equivalent potential temperature surface. the EPV criterion solely based on its sign is more ob-
jective. It is important to note that the criteria of EPV and MSI are only consistent when they are under the same two-dimen-
sional coordinate. It is wrong when using EPV as the criterion of MSI in three-dimensional coordinate.

Key words  CSI slope criterion, Slantwise Convective Available Potential Energy (SCAPE)., Moist symmetric instability

(MSD), Equivalent potential vorticity (EPV)

B OE X ARATRE (CSD BRI W TR A S 50X U B9 % AL 2 — 7k 95 b 70 o0 A 8% 15 e AT AR AR B — 46
22 2% P RUBE TR 3R 125 PTG b LI 28] 15 PR T A5 ) B IR 4 o A% 1 X BRI B SE 912 W LG CST R 5 40 L 4 T X AT £ BiE
(SCAPE) R XJ B A2 € (MSD VA 24 733 (EPVY S5 . ol 55 TR B3 A7 BE 42 2 19 [n) L2 5 28 7 6 2 15 B A — Bob IR ek
55 LA A AR X AR TR B Sk 55 RN 5 B ) A R AN AR R 2 B A 2 L oA U W A 0 X R AN R E P 4
55T RE PR AR AR . (R S5 A b A0 2% P X BN BRE I 22 () CST AR A4 L B 46 3l i 17 00 R T4
A7 0 A 452 T /N 45 0 Bk (00 3 T 3 B o oy T A X B S AR R BT DR AL T LA A A DL T IR CST R ] 4R
D) 366 A8 S 3 X8 R A At A A B+ B 45 gl T 9 /N T A R L A TETRRE o O D B 2 A e R RO AR E A e R T B — L
P SR B HE S A0S0 0 2 R BT AR R 27 3 S B bR R S AR E 9 Y 5 — b R B S (B R R AR O AR E ) s

x WEBDIR . R [ SRR IE 4 T H (41475042 ,41705031) | [ R 3 #5815 B (2015BAC03B06) .
EZ TN T, FZMF P RER L5 . E-mail: zhangln@cma. cn
WIRAEE /N, 2GR I 2 FE R R F M EEMIFSE . E-mail: zhouxgang@sina. com



B < O Tl 55 b 0 2R 4 X R S AR R S TR R A e

825

it 200 25 OB A AR 24 A6 L T 5 468 3l T AR R R/ L TT R 2 457 36 DU AT e R RN T O EAT RO IR TR
I S 2 AR B A A2 AR SR A ) ) — 2 AR AR AR 27 8 5 A B AR PR A LA — B0 AT 2 7 e e B A AR

TN = AR 2057 38 1 A 3 S B S AR R S TR
KA
HEESES P4b

1 5 5

b 55 b 28w AT AW 3] g B T AR 1B AR 1 — 2R R
2 2R T TAT I v RUBE R A A7 TE X8 RN A B i B
W R AR B U R E AR E VI TR
I 25 AN AR X AR AN B (CSD BTl 51 & 1y
i 4 %) 3 2. Bennetts 2 (1979). Sanders %
(1985) & Emanuel (1983a,1983b, 1985, 1988) 55 %
B SEAFR AR E #EAT T BRThe, IR 4l T
M=, BEfS . CST A A2 W 7E [ bR LR F 5T
BLAE B &5 % P 64T (Schultz, et al, 1999), 7£ It #
[@] ., B% Bennetts % (1979) , Emanuel (1983a,1983hb)
A, Ho At 2% 3% (Shields, et al, 1991; Martin, et al,
1992 ; Moore,et al,1993) 142 {4 CSI £} & 3] 42 7] L)
FAAH AL (EPV) R #4715 B I 84 45t CSI
RN 5 A G AL e B B A — B IE . 20
22 90 4EAUJS o B UG 2 W IT IR 4 25 4 X B
AN E B VR Ok 43 A TR O R Y LR R B S U
K JERIALE (528 304 19935 45 96,1999 ; F g Hh 4%
1995 i W] 45, 2005 5 5K J7 245, 2014) X Ho P AU 4%
B CSTRER A2 W, WAL 5 AH 2 AL 2 B .

Bt B — Q2 W 8 K ik WSR-98D (1 fii
g, rp DI 55 B N 5138 U0 Ay BN BRIE B2 Ik A
fiff T I8 AR UL I 1) g 2 R R A ) . TR
S5 X R AN AR E BB 5 A AT 1 TR D3 R N B
WA Z—. BRI 55 SR R S A e E 3R 2
fiff 60 8L ] A — S a0, Gl 55 - 9 5 45 AT b 2% A
X RAS R E HE AT 7 CSTRER AN Iy A4 25
A5 ) TR X AR AR (MSD 457 424 6033 5 MSI
FIE e BA — Sty WA AR T T = 4E A0 24 107
PE Ry MST 48 & B Al 4755 . BFXF Bk ), 3o
3 5 HRE S A AN TG E FI IR B 2 T 4 AR R
FRANTRAE 0 9 B 95, O 0 B CST R340 95 A 4
ZUE S Sy MST F 48 5 AT IE B AH 24 47 35 5 MST |
it ) — P L IF Hr S2BR A B2 ok BB MST A5 5
AH 25 109 4 L 55 T B B AR 5

AT X RN RE E BRIV BTN WA AL BE . SR PR E - AL

2 ZRAEXE RRANEGE 1 A de

Bennetts %5 (1979) i 1 6 T+ < )2 240 F1 L I 7E
TR0 0 B 5% v 28 D3 B NS 1 O ORI 2 R X FRAS
14 € ;Emanuel(1983a,1983b) i E ¥ 5a KX A Z I
Bl SIS 15 ) ) AR HR ok i R 2% 1 X FR A
FasE . I, Snook (1992) A Hy, Bennetts % (1979)
B 7 2 Al FR <27 J7 5 » Emanuel (1983a,1983b) ()
J7 95 WUV FR Ry Jey b7 9 D) s R o o O = X2
LT e X B X AR 5 A AR E”
f DX 51

Tk 55 Tl N B A e Al O R A TR
ET N A, HA A A1 Z2 ] Emanuel
(1983a.,1983b) i+ i&“ Jiy s CST i ¥ 1y S B v (R ¥z
MR %5, 2007 ; Markowski, et al, 2010), i 3% B %6 fi
B [l oS B 2 Y SR AN R E Y TR A R L 5 2R
Fb BRI R A5 X6 6 A X PR AN s 79 ) 40 1% B G 3L
2.1 FEHRIRER R

A AT E A PR 5 (Sherwood, 20005
Schultz,et al,1999), %5 1 Fp ) ¥5 /& b 5 45 34 & it
FIREEIZ S M RS T A I I A PR R R OG
F Y PRI T R A T 2 PR A B el
ZIE CEY 7 <<y<<y) BF R R S5 AR E (FRZ AR
R . KL ATRE Y=y RS EH 5
Do 2 X5 A3 (r <7yt HUHH B ZE R 26 2 0K, B K
ZREOUR T &P AT E . R 1 R A s
I 2% R S ORI A Z h i B RN
KENVIPA G RS AR . X B TIE A0 R T
X AR N2 SRR E XS AR E . %K
P U Re AT 2 T 2

KE BRI RERZE T B A 52k
CH AR B FD 51T AR E B i & 15 51
Tl g5 b B XA R0 RE (CAPE) # 45 , B %%
HARFEMS 2 Fa 35 (FRZ h CAPE K4l . A
XTI A R AL BE A E TS AT LA 2 F R 5 Sk
(FE Wi, 1986 ; V7 44 #H , 1993 ; Emanuel , 1988 ; 2 i



826

WF4E,2016,2017) , iX BN FEREAR . A HLRER F 4
CAPE H42% 1& 1 882X d R B TH iy < e m]
A= B Bz, mT LIS B 45 . CAPE H 4
BT T 2 T LR O A R AR 4 A R AR CE AR S
4 2010 ; # AR 55,2012 PN 25 ,2015) ,
2.2 EHXRATEE R E
2.2.1 RERAE

KT RAATE WS 1A XA TR E
5 1 i Ry« 5 A AU A A5 45 X Bl o (MDD T B
JE R A LR R R 45 gl o T Y AT 2 — XA &
FROSCRAB A & RV BE 7K SF-A66 85 ke IR B e 32 1 A2 1K
FLRI 5 2 7 XU RGBS 338 15 /N T 55
Tk COD THT M BE 5 T 2% 44 0P FR O AR E AR 1 R O
FEA I 4 A X B (VD T Y KT 55 A7 IR ()
A% BE AR/ F S50 BR A7 3 0. (L mT DL 55 A0 24 L
T 0. B S S AR 0.0 T (K £ 35 ,1999) .
T 52 B 2R A H AR X Wl X RO B A ik R
1999; Schultz, et al,1999) , {H 7E K 86 % {4 F BE % 5
JE SRR RN RR E Sk F . A T L X B R Bk
THE S A

B F 2 X R AR 2 F T A B 5 e T A I R
M) — 2ok 2 25 b ROBE R P 17 76 88 T B30, 0T LA
Shy Y A T 1 DR AL b B XL 3 L T I S A
e XU IR 2R A, 20025 Jil /N WIS, 2014) . A WF5E 5
i, AT 7E 45 28 ml I o Bl SR TR AR (R R RE AR RV
T 75 1] » y Bl 10098 28 < — il

T A A b X6 4 A TG B 8 1) A A R S R
AR 8 1A A PG I AT B8 B R AL

du _ 1 0p

dr 00 81+fv

do _ 1 9p

&~ ooy " b
dw 1 op, 0

&~ p ooz %p

2o 00 = 00y 20) AR R TIEAR A 2L
FoM R SR AR TS S 0 ) 5 1
AR @ MEW R RS R, RS o
5 I = J7 16 B A LA B 7, A4 T 9 3 12
B R o 7 16 S M R ) R T AR g
Y, W — A2 YA & R o
FEABFE F1) « L 3006t B 0 B AR 28 (D)
T LA

Acta Meteorologica Sinica S Z%¥iR  2018,76(5)

M
? =0
dv _ cop— )
dt :
dw _ g(0—0)
dt )
R M=u—fy APREWLIT S E . M=a— fy
NFEEARF AL X s &

1 T XFRA R B i
CHE R AR 7R A5 A 2 % Bl i (VD THT, SRR R
LR O T Hod 61 >0: >0 .My >M,>Ms , y §li$§ 7]
BB R BB BUE N A sl B fERHHZ 3D
Fig.1 Schematic meridional cross-section of isentropic
(solid lines) and geostrophic momentum surfaces
(dashed lines) (61 >>0,>>05 . M1 >M;,>MS3; the
y-axis points to the cold air side;a tube of parcels is

displaced from position A to position B)

WE 1 PR eI TR AR E N L. B
PIBUE PIUGAE A RS IREEAL T 5% AR S wa =

Zlg:LLoc
%%ﬁ%*ﬁiﬂ B ,‘.I:T'\E 9T£ B ).J—:T\E(JJE_E%] Ug = U
+ /oy
B S0 R 5 A o B
ug = ug JF%ZB_}/JF%(%Z

o M 5 M f5E SCTE B gl TR (2) AR 2
A AT RIS Oy

% = f‘(%ay+%3z) (3)

T3 B2 R O R A s A R

WIURTE A 5.0, =05 = 00, fET 4GSR, 0=0,
=W B AR A

G, — g L5, 1 0
65760_’_8)/83)_’_8282
PHILTE B s, R 4L (2) i sE 3 AT LIS Ry

dw _ g (0 0
a0 <8y8y+8282) (4



B < O Tl 55 b 0 2R 4 X R S AR R S TR R A e

B AN R FR AN RE S R IR LT 1) B A
JI RS BE KT 1] L B4 1R BE AR 45 4 i ™ AR
F18 — Bl R AR BURE T 17 32 3 i A E B Hl . Y
1 77 8 R BE sl B A RE T A 2 1 — A7 1o 14 5k JEE

dw dv g g 0 BT i B . QI 1

A de

o A R B AR R L TR AT DL RE i AR R
BB & R (B R T4 .1983) , RIS A& af — 1
NMRBIALEE Syj + Sk Jo . U Sl RE 1 s, )

Bl T % B ARG . BB AT o % 1w %@ -

S e ) = 0 B R 25 K 18 ) T 1B

ATaE W R
zE a2 (3) FI(4) U] 8
do dw (oM oM \
vg—kwa—v_/‘(aySy—‘— az8z>
g (20 =
éu<ay8y+828z>>0 (5

M M E g aM =0 = Mgy M5 g
Yy oz

M TR

oM
v

H 4 0 T 11 AG = 0 = %ﬁ%ﬁsz, 530

oy
=]

o0

oz
BRGNS,

(B«Syf)zf aaiz[i <§7§>M . %}+

FSEE), B @

1 F 220 s 0.0 0 AR T M 04

A M R A ) B HLABPE AR E 1Y A R A
THEAR B RERA T EANIPIE Z 18] 0 0] RLARIE (8)
e 1 S 2 TER R T O BRI X5 AR AN A A 1 4 4
N

(35). =5 = (5), @

827

T g > @ﬁ) I, e 30 5 4 Sk 1 A R
y N/a

S, 2% gﬁ < (gﬁ) I It 304 4 S e ) R
y N/ m
B H, X AR 2 <, B TR ER IR 0, S7fE , )

X R AN B E F 3R N

(8y>m<8y< (Sy)&w (10
RS TE W
11D

(), < (). < (),

PR R 25 6 FR A B 0 (5 35 ,1999) 4 ik HLFR
h CSI Rp2FHE

HY T T X AR A B2 2 A% 1 7 8 1 B O AR v 2
(3 E#,1999; Schultz, et al, 1999) , B 2 M [fj b i
WH R 5 0 TH W R A% R FR R B R
FERAAE T IL-F 4 AT B0 F o file CST A% 3 540 415 v
AR Sy XU S MO /N TR 0, TH (B0E S 0. D
Ji , CST Rp S A48 1l MST H1 45
2.2.2 BRI A AR

T2 W) TS B B il AR N B A AN AR A, 2
LT R TRE S 2 k8% (CAPE H48) . Em-
anuel (1983b,1988) 4 1} % 1 X FR A Fa i 19 45 2 F
FIHE R BT R AT IE BE L B RN X 9 A AL BE
(SCAPE) & . BAR AR

SCAPE — J g, —0,0dz
v0

Xk 7T X5k 3 AT AL AR A T S B R IR A A
Emanuel ff F 59 /2 i A7l 873, Hob 0. o i A7 38
TRt FRY R T s g R ELRA . BHIERS
TAT L ALRER T 0 Ui B R A7 4% PR X AR A A2 » i HL
(EL AR 15 WA B B

RETE R A R RE AT DL i 2 SR PR, — i
THOLT W — T 8 IF AR A S S Tt S5 A7
Ik T« 55 0 5 07 B ) S B A 4 5 2 A b
THE— & & K I AR - 25 S T At 2 55 AH 2
PEIR AT 5 90 S5O A AN S R R AR A A . W)
BAE ETRE] A SR 18 B i £ S R B
2 B AR T

H1 T T AT R RE 7 8 E H M b AT
BRr o TR A R0 BE f B A 7 i i
SRS b LI R A ML ¢ 3R R R B
BHEEATIHEE . AR A H LR A BORE U ] A 7



828

TSR AR PR 2 A S ORI T N 1R
B M TH bR IR R AT Ak R ] DL AR
T AR A A A T R TR I A #KAL BB (Emanuel ,
1983b) . FH T AAH B UL 5% et 31 B3 A T X I A AR
RLBERE XS 2 2% HAT AN 00 52 1 o LA S AEABURE A 3 4 3l
DX 3R T X 38 A AR B AH X 8 N A5 L S BRI
XF A R RETE#IE A FE £ (Emanuel , 1983b;
Sherwood,2000) . T 7E Mk 55 F A #E 72 48 & T+ X5
W AG R BEYE N2 W T H (Schultz, et al,1999) ,

N—>

K2 BT A R RE S B
CHE 2R 2671 119 /2 56 2y 5118 (55 MTRD) o R0 Jo 4 78
WA AL B M A 5 S & 55— A A
o W) U U A A FUE R T W BRI
R AN R R B ) R A6 30 A 45 5
5| B Emanuel,1983b)
Fig.2 Hypothetical configuration of SCAPE
(constant M surface (dashed) is equal to the M of the
air tube; S (solid) is another surface; When lifted
along S surface, the tube has the same virtual
potential temperature as its environment;

adapted from Emanuel, 1983b)

25 b TG R SRR IR SR R R AR A
XCHL SR A8 1 2 6 A R 23 AR AR X R
BB AARTRE . FIATE S KX FRATE R
55 1 R A ARR N AR A . SR E R
S ERBE TR B LU CR A T T 4 IO A A R
(] 5 25 11 X R AN B R 23 i Sy B A0 1Y 5 M T
WREA T 0 mAAE 0, (K 0O 2 E . KA
FE 5 SRAT R IRANER E M5 2 FhHE 43 51 FR oy CAPE
F SCAPE H45 ., % & 1 b B Wy i 48 78 Tt
IR B R AR A R RN AR AR i) DL R AR
UZ X H TR E TR R CH BB S

P 55 i I, 6 i 6 R 2R A A RRE

KR 2018.76(5)

Acta Meteorologica Sinica

(565 2 Bl ABURE X I 2 66 0 2% 7 X AR AN BRE 19
S5 1 RRHAE R R B R T AL TR PR R
TE o 1805 P (8 T 22 1) 2 B X PR AN A E 9

3 MRS MSIHE R

3.1 EPV 5 MSI BB &

MST 45 3 3 &4 19 b % mT DA 31 1 O i
MIA5 R . Snook(1992) 4 M 1t I AH >4 o7 163 >k il 55
X AR AR E 1 T i . B T B % MST A 45 5 A1
AL DG R IR . 8 B0 T T b A 2 A
AT X FRANER E 5 ) AR 2L AE L DA R H 4R A
SRR 27 i Al R FROR BR A 1 AS 1EY 0E
(Moore,et al,1993) , X HL 5 S5 % A Y 2 i 5 MSI
F 4 0 — SOV HEAT RS 3 AT

A ¢ TIP3, MIST )48 4y

(5. = (5), az
FXX O FDORALA2) A1
oM o
_%<_% (13)
oz oz
RN
0. oM _ oM 3.
Jy oz oy oz
B FRBE 28 Tl 2 1 0 - 0 Rk (14)
CIRGY)

<0 (14)

oM o0, . oM
83y o5 "o o5
A0 38 1 S
EPV =— 5. V4.

P F 3B 550 (D — B A bR W
w(p BFR T T E0I2 3 BT B o 75 AL T, T
b g R 5 A5 EHFE M. Bt al L&k B
FETRE 24 037305 340 7 3550 0 R R 2 1 — BE 2 X [
— iR 2 (15) T A 4 TR B I 0 S R 5
AN B (Moore, et al,1993) , ML br E i T4E
S MST MU I OB T #0052 B P R 2 (0
%i%&ﬁ%%ﬁﬁww%;>mwﬁx%ﬁ>
RIS B S B 5 S MST
By 2 A I TT DLW 2B o 7 F T
540 5 A R A R — B B A 4R
By ot o 7 1 He MR G A . R T

}<o (15)



B R A - O Tl 55 BN A% 0 R RS R AT R [ B A 4

T HYE AR R A A 2 AL T 0 (R R 2 R R R R AR AN
B5 MSTHE— R SC & . R A BTE AR
BRI AP = AR 4 0 30 A D AN R A
3.2 BRI SHEHAXRATRERFF
3.2.1  ATREAFAE A PE X RN ARE A 7 ik

T B b L I IR AR AR AR R A
R AT RE P - (1) XU =3 JBE 0 K 9 HLWE I 41 e %
(BEWTERHE R0 5 (O Ty B i B R R T
FCEREE Rl BE B R R e T ) . Y IR
A ZEAEE RIS AT T ORI R A AR A AT
RE=TE .

il P B3 R A T O e B (DR T &M
Xt FRANTGAE » £ 5 10 3l 7 3 B R Wi CHE U0 A 58
8RR EARE R E ) BT R
GERON L Pag 11y N TIERC G At SN SISt T A

60°N
55
50
45
40
35
30
115 120 125 130 135°F
100 o H16
(c)
L15
14
150 !
13
200 12
L1l
% 250 102
= 300 g &
g =
2 L8 oo
8 kS
2 400 -
500 [
s
L4
700 L3
L2
850 | i
1000 s Lo

=30 —-20 -—10 0 10 20 30 40
Temperature (C)

829

AR T H GG X BRAER E MRS s () 4 £
AT T IR XU 2 R R AT 4080 3 B S5 R X
FRANRRE B AR e IR Al g e R £,
3.2.2 AHMNLHE MST #5191

T A S 40 %R NCEP 1° X 1° FL 40 B %
k38 1 SRS 112 Wk Ul B MST 48 5 40 >4 47 1
A 55 1 T 2 A B — 30k IR AT

YEH 2013 4F 11 f 24—26 H (JbEt, TR &
AR —RK—BE RS, XREFLR
JETE 500 hPa & 25 M & e AR % . i IR 2 K i U 42 J
b7 A T URE AL R R ISR A R R R BLA TR A
). 25 H 08 B, i i & 28 A, I 4k 48 [N By
B, MINEREIE ARk m, 5 700—300 hPa
SRR R s A K Ty ] — B (& Ba) ., B ETL
A F 8 A B RO KO B PE A .25 H 13— 148,

155 dBZSO

75
70
65
60
55
50
45
40
35
30
25
20
15

B3 2013 4F 11 H 25 H (a)08 i 700—300 hPa J& JiF
CHAL s gpms 2 Bt AB 3RoR B 4 w1 1 7
et SR FORMINE . ()13 B 15 /- fE AT
Z W EHIE 1S A B A R T
CHEA I B 6 1 3a ibii) Fl (o) AR
AU T-Inp B (AR B AL I Sa i biE)

Fig.3 (a) 700 — 300 hPa thickness (unit; gpm) at
08:00 BT 25 Nov 2013 (Line AB depicts the position of
the cross section shown in Fig. 4, and the purple solid line shows

the position of the occluded front); (b) Reflectivity at
1.5° elevation from the Jiamusi radar at 13:15 BT 25

Nov 2013 (the location of Jiamusi is shown in Fig. 3a) ;
(c) T-Inp at Yichun station (the location of Yichun station

is shown in Fig. 3a) at 08;:00 BT 25 Nov 2013



830

RO VT AR AT 0l 55 35 [l ) AR F R IR 9 1 5 5
ISP AT P — AR b ) 19 22 45 o e 5 4 (] g i
BEFE 2025 dBz([&] 3b) . 454 Huta WL . 75 ik &k
455 5 5 %) B Hb T 20 mm (9 6 h BEF5 (25 H 08—
14 B B R 8] T R EHK.

& 3c 2y 25 H 08 W A AT BE T i B R =5 A
F )RR TR PG B XA S e R 0, R K
RGN REM . [ R IR 28 R R 2R
12,400 hPa LR AH X i & 1t 80% , KA JL T 1l
Ao X BB G L #O R EL & AR — 2%
e, B f B O EK 3a h HZ B AB bRk, M
4" LLE S .25 H 08 B, 78 ) 18 &b R HER 43 X 38 Y
A K F 80 %6 , P Ik . #: A MIST H 46 R T,
SACENE AT LR 22 A6 38 e 2 A QA AR S i . AT
2 4 2l T T RAOURUIR S5 A 2 7 T T S A
Xof B g i ) SFE LR . T LUE B A5 A 27 I I
M) WA B 22T J7 A b5 R, BHOR R
3 DX A5 R 22 7 Tk 1) 35 B /0N T 4 ) e T AR B R G

Relative humidity %
6, K
Equivalent potential vorticity PVU

200 Absolute geostrophic momentum 2013112500
250
<
£ oS 777 S 7
8 7 : S, 8 E
& 400 9 - o 4 <
= Y By =
3 ' g
Q 500 — g
—
% 4
2 700
850
51.9 50 48 46.1 44.2 42.7°N
121.3 124.5 127.7 130.8 134 136.4°E

L
268 276 284 292 300 308 316 324 332 340 K

Bl 4 2013411 H 25 H 08 Bf#f A—B £k (LA 3a)
D 246 %o M 2 gy B (M (o LS 200 AR 24 07 TR
CIA SR SR s ) AF X 1 2 (4t S48 o 80 %0 S5 B 4%
72 TR 7 I B A X R 2 O T 80 %60 FIUAH 24 437 36
(AL 0 JiE 28 32 AR 2 (00 38 <<0 XL ] fR o 0.1 PVU,
Hh 1 PVU=1X10"6 K/(m? » s » kg))

Fig.4 Vertical cross section of absolute geostrophic
momentum(M, brown solid lines) . equivalent potential
temperature (shaded and black solid lines) , relative
humidity (the green line means relative humidity
equals to 80% and greater than 80% on its right side)
and EPV (red dashed lines mean EPV<C0, the intervals
are 0.1 PVU, and 1 PVU=1X10"¢ K/(m? « s * kg))

KR 2018.76(5)

Acta Meteorologica Sinica

T AT 20 B A S5 AH 224 A7 Tk TG RN A5 S T B R L & B
e P v (8 T 7 3 BRI PN L 45 2l et T ) 0 R AR R
S-S T A5 AE 224 {37 3 T 1) 3 8 B A B STt i 2 Y B
AR Y L IR T B R T AR S . R X
(14 1y MST A iz , & B 3X A X I0AF 7 1 6 FR A B2
FE o BE— A Y AR W KN FE B 4 H LT A
[F] 79 57 i CRRAE D) S THEE B A S A2 i /N TF 0., R A
Wt B XA S B A IR R AR

b TH A3 AT 228, MIST ] 88 A1 4 A 24
W A] LR 3] — BRI X AR A B E KB, {H )2 MSIT
s 5 B 00 2 ) T SR A 3 TR A K AR Bl i
AT )33 B o T 2 R 224 67 i L 5 A A 2 A i
A /NF O SR iEAT H 50 T UL AH 2407 168 02 — ANl 1R
X R AN B R B Ay T 6 LR O ¥

[FFE 2 2013 4F 11 A, RALHLIX 7E 17—18 H ik
WL T K BE R, HmBEERBEAERE 17T H
20 if—18 H 02 B, BIBVLAR R 5 MRAR L EB i 4t
FHLA Z 345 6 h (5 i 10 mm., H g /R i i
R LS 28 16 mm, 17 H 23 B 17 4%
SR T B S O e R R VN CT R A G |
W) 5 RIHXI N X PR R A R
SRR, 4L F 500 hPa w523 #8 /i, H 1%
AR B Ao T HA, B
R e b T SO R B S AL, 7E 11 A 17 H 20 B
MRS 1 T-lnp b CEIBE) , 5 2 b F 1 FOR 2
925850 hPa 776 # i it . A5 I HE— )2 45 7+
S Y HRTC AT BN A R RE L 3% R WA TE H T 1)
PR IREN., BT 17 H 20 & 700—
300 hPa 45 J& B2 2k (R ALK 195 0] 55 [ 3a ZE{pL. A
I AE A A1 v R 2 B TR P AL — AR
S ] AR 5 T RIS ) o AFL R TG 125 30 310 55 4 224 7 T B
R T 55 o i T R D SO 2 3 <20 1 XK

P A1 R R S A B3 R A AE AR LXK, I HLUA
TE SOAERLEES 2 DA R B R A AR E
DR, 3K 106 B 2% A 0 R AN e I AN 2 1 ity R B 2
14 M — PR -7, 3 AT BE 52 501 1 A RS ML B sh g ok AR

W
4 dhipmitie

(it 3 5 25 PR AN T E ) 40 A 28 L 3B T
AR RATRE B PIRP RN G . SR AE TR E A 1 b
I 7o <7 <7 B 2 PO S5 BRI



B < O Tl 55 b 0 2R 4 X R S AR R S TR R A e

AR BRI T LR 1 T R A B b
LT SRR . % M 4 PR BROR B 1 5 1
ﬁﬁ%%(%%<«%%<ﬂ%LJ%2ﬁ%%ﬂ
A A B R b TR 2 M
T e R S A 5 0 ) B BB

(27 2Bl 45 BT Fh L 4% A R 7 1 3 PR X
AT AL RE I . T 46 PR R A R U T 4 1
PR B 55 30 T 19 98 T 5 (0 L T 40 0 T
JNT AR R AR 4 R0 TS . ol T
R R A B K S T LT A i
TR CST A3 % [ F MST H48,

(3) FEHE 5 26 W1 A1 24 238 92 B |- 2 MIST %]
50 5 — B R B 58 0 R L R B = i
SR M T 0 R R RE W B« 7 A
T4 DR B A BT 0 P A 6
R R T B

CA) {37 VIST L4552 — 4 4024 338 T 1L 4%
S ) 1030 A R X R L2 MIST 4 76 %2
< 0 0 7 25 2 3 T 15 R3O A
A T 20 424 7 3% 050 55 8 e 5 33 2 75 /1 T
A, o A AL 1 PR 5 T A
o H ) 8 X R 3 A e R O 5 1
e— P T

S % ik

oA, B, T A%, 2012, — YR U0 RE R 9 4 2D R 2 o A 2
FRAEAMHT. 423, 70(4): 609-627. Dai ] H, Tao L, Ding
Y, et al. 2012. Case analysis of a large hail-producing severe
supercell ahead of a squall line. Acta Meteor Sinica, 70(4) .
609-627 (in Chinese)

SR, AL 2005, 3 E R AL b X 5 ST P10 A B 0F
ARG B, 28(5): 679-684. Hu Z M, Zhou W C.
2005. Case study on the genesis of a snowstrom over the north-
east region in China. J Nanjing Inst Meteor, 28(5). 679-684
(in Chinese)

WL 1986, fAEREK . dbat. RG i RAL, 159pp. Lei Y S.
1986. Energy Synoptic Meteorology. Beijing: China Meteoro-
logical Press, 159pp (in Chinese)

AL, 1999, AN FRON R E 1 B WY Ak DL B R
. 15(3): 273-279. Li Y. 1999. Conditional symmetric insta-
bility and high-wind and hail accompanying with Kunming qua-
si-stationary front. J Trop Meteor, 15(3): 273-279 (in Chi-
nese)

TR, ST, BT AR 1993, Z R X RRASAR 2 1 R AR T

831

R R B, 16(3); 364-367. Shou SW, Li S S, Peng
G, et al. 1993. Conditionally symmetric instability and Meiyu-
Front raingush. ] Nanjing Inst Meteor, 16 (3): 364-367 (in
Chinese)

INARAS . TE . TUSE. 2015, T 10 4Rl 5t DA S 28 W9 o 1 1) Ak
AEAE. K%M, 73(4); 609-623. Sun ] S, Lei L, Yu B, et
al. 2015. The fundamental features of the extreme severe rain
events in the recent 10 years in the Beijing area. Acta Meteor
Sinica, 73(4): 609-623 (in Chinese)

FErd, T, 1995, — kAL 8 K 3 b B Y 3 X0 BR AN £ E 1 OF
5%, %24, 53(4) . 451-460. Wang ] Z, Ding Y H. 1995,
Research of moist symmetric instability in a strong snowfall in
North China. Acta Meteor Sinica, 53(4); 451-460 (in Chinese)

EFESC. FBAOL . XL BRAF. 2010, Sl & M R AL st R R
SERE BT, RS, 29(3) : 763-777. Wang Z W, Zheng Y
G, Liu H Z, et al. 2010. Analyses on weather characters of
hail event in Beijing with Mongolia cold vortex. Plateau Mete-
or, 29(3): 763-777 (in Chinese)

A, 2002, KA. dbat: BAEEF ML, 314pp. Wu R
S. 2002. Atmospheric Dynamics. Beijing: Higher Education
Press, 314pp (in Chinese)

VPR 1993, KA HAA A, dLat: KR M MAL. 661pp. Xu S
Z. 1993. Fundamentals of Atmospheric Physics. Beijing: China
Meteorological Press, 661pp (in Chinese)

R TE. 1983, i AR dbat: AR M. 424pp. Yang D S.
1983. Dynamic Meteorology. Beijing: China Meteorological
Press, 424pp (in Chinese)

dkIFAE, PRV . MATRESE. 2014, — KA Z 5 I o B P R A R AR
PEXTFRAS B4 58 0 7. %, 40(9): 1048-1057. Zhang F H,
Chen T, Yang S N, et al. 2014. Diagnosis of the frontogenesis
and CSI features during a torrential rainfall event in winter.
Meteor Mon, 40(9): 1048-1057 (in Chinese)

A, AR, /KL 2016, & TR ITIE CAPE SR 5 # 19 3)
. A4, 42(8): 1007-1012. Zhang L N. Zhu H., Zhou X G.
2016. Discussion about the method of CAPE calculation with
virtual temperature correction. Meteor Mon, 42(8); 1007-1012
(in Chinese)

TG, JH/NRI, GREEAE. 2017, MASERSE B i AR B X AR N e E
MR 3 1. 4 4. 75(3): 517-526. Zhang L N,
Zhou X G, Xu L Y. 2017. A discussion about the conditional
instability from the perspective of unstable energy. Acta Meteor
Sinica, 75(3): 517-526 (in Chinese)

EEF. 1999, th RERAS 508, deat: TR G WAL, 313pp.
Zhang Y L. 1999. An Introduction to Mesoscale Atmospheric
Dynamics. Beijing: China Meteorological Press, 313pp (in Chi-
nese)

JA/NRL KRR, EFF. 2014, Mk R BT M Q K M HAEKXR
S LR, YRR, 63(6): 069201. Zhou X G. Zhu H.
Wang X M. 2014. Geostrophic momentum approximation Q-

vector and its application in synoptic charts. Acta Phys Sinica,



832

63(6): 069201 (in Chinese)

RULHR . MRERER . A2 3C5E. 2007, KAAEBAT k. 4 i Jest.
5 MM AE. 649pp. Zhu Q G, Lin J R, Shou S W, et al.
2007. Synoptic Principles and Methods. 4th ed. Beijing: China
Meteorological Press, 649pp (in Chinese)

Bennetts D A, Hoskins B J. 1979. Conditional symmetric instabili-
ty: A possible explanation for frontal rainbands. Quart J Roy
Meteor Soc, 105(446) . 945-962

Emanuel K A. 1983a. The lagrangian parcel dynamics of moist sym-
metric instability. J Atmos Sci, 40(10): 2368-2376

Emanuel K A. 1983b. On assessing local conditional symmetric in-
stability from atmospheric soundings. Mon Wea Rev, 111(10) ;
2016-2033

Emanuel K A. 1985. Frontal circulations in the presence of small
moist symmetric stability. J Atmos Sci, 42(10);: 1062-1071

Emanuel K A. 1988. Observational evidence of slantwise convective
adjustment. Mon Wea Rev, 116(9) . 1805-1816

Markowski P, Richardson Y. 2010. Mesoscale Meteorology in Mid-
latitudes. Chichester; Wiley-Blackwell

Martin J E, Locatelli ] D, Hobbs P V. 1992. Organization and

structure of clouds and precipitation on the Mid-Atlantic coast

I

KR 2018.76(5)

Acta Meteorologica Sinica

of the United States. Part V. The role of an upper-level {ront in
the generation of a rainband. ] Atmos Sci, 49(15): 1293-1303

Moore J] T, Lambert T E. 1993. The use of equivalent potential
vorticity to diagnose regions of conditional symmetric instabili-
ty. Wea Forecasting, 8(3): 301-308

Sanders F, Bosart L F. 1985. Mesoscale structure in the megalopol-
itan snowstorm of 11 — 12 February 1983. Part 1. Frontogeneti-
cal forcing and symmetric instability. J Atmos Sci, 42 (10):
1050-1061

Schultz D M, Schumacher P N. 1999. The use and misuse of condi-
tional symmetric instability. Mon Wea Rev, 127 (12).: 2709-
2732

Sherwood S C. 2000. On moist instability. Mon Wea Rev, 128
(12), 4139-4142

Shields M T, Rauber R M, Ramamurthy M K. 1991. Dynamical
forcing and mesoscale organization of precipitation bands in a
Midwest winter cyclonic storm. Mon Wea Rev, 119(4); 936-
964

Snook J S. 1992. Current techniques for real-time evaluation of con-

ditional symmetric instability. Wea Forecasting, 7(3): 430-439

MR TR E B, T 4 O R (2) AR 2 S () I HE S A

T @M 2 X

dv

do — yem—m
HFM=u-fy.M=u— fy.HIAT LUK 2 NG5 N
%}:f(;—u) (AD)

B e A SR B RS A B RN wy =

8 +—az ST B A

uy + fS8y 1M B MBS RS E N ay = u, +

& feu, - wn) = f(Seoy+ Stoe— fav)= s (55— F)ov + Stos | (A2)
BT SR S R

M2y =2y (A3)

% 7(u_f>_§ (A1)

H A A (AD AKX A i3] 1730 ()

ou

G 35

(aMB + @82>



