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The Application of Shearing Wind Helicity and Thermal Wind Helicity in
Northeastern Cold Vortex Rainfall Event
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Abstract The shearing wind helicity and thermal wind helicity are introduced and applied to a northeastern cold vor-
tex rainfall event. In theory, shearing wind helicity is defined as the dot product between vertical wind shear and ab-
solute vorticity vector, which represents the twisting effect of nonuniform distribution of wind vector in the vertical
direction on vorticity tube. It includes two terms, torsion and the divergence of vertical vorticity. By use of geo-

strophic relation and thermal wind relation, the shearing wind helicity is simplified as thermal wind helicity. Its in-
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tensity and sign are determined by the collocation between the upward air stream and warm-moist air. Compared

with shearing wind helicity, thermal wind helicity is calculated at a single level, which avoids vertical differential and

offsets the shortage of data in the boundary and sparse vertical layers. Thus the calculation is simplified largely and

conveniently applied to operation. Based on the above definitions and theory analyses, a case study is performed. A

northeastern cold vortex rainfall event is simulated. By using the mesoscale model output, shearing wind helicity and

thermal wind helicity are analyzed. It is found that, large-value centers of precipitation are located at the interface

between positive and negative shearing wind helicity values. The intensity variation of shearing wind helicity is iden-

tical with that of precipitation. Similar to shearing wind helicity, by using the thermal wind approximation, the tor-

sion term in the shearing wind helicity formula (i. e., thermal wind helicity) has indicative sense to precipitation and

the development of convection, especially for strong precipitation and convection. Furthermore, it corresponds with

precipitation and the development of strong convection better than the traditional helicity does.

Key words shearing wind helicity, thermal wind helicity, northeastern cold vortex, storm rainfall

1 5|8

WE T o5 S o AL T T 30 i 1 132 SIS A
W FRGERFEE T IR 5 W I X I ek 1 AR 0
LI HRAE T VIR, IR ERE 5 R ARG ML
AR, IR Mk E A . Etling (1985)
THE RS T RAHPAAER LR BURLIZTE R, JF48
TR e e M 5 B e Pk % VI AH ¢, Lilly (19864,
1986b) & H i W E BF FHLAS T I sh B AR g, X
PR AR AR, OB R KR
PRl S A5 98 € B 19 A 35 3] & L. Woodall
(1990) 48 H T JR & A1 X W25E A9 A . Mead
(1997) HU2E B 5 Jsz e 6 0 A FH A0 3 3 8 R0 A7 g
SEa ok, BVRESIRNERE . ST IS Wi BRI & AR K
J [ P I B (R BRS A E A 2M E . faRAE
FRRFTAY (1989) S th 58 & (W URTE B 7 #E . JR48
AT B, FE i M 5% 32 g v I8 e i 2L A SF e
PE. Wu et al. (1992) X VI 25 #3416 3h Hh 02 e
(1477 A A R S B 5 A 4R M R AL i 2 I 56 Rk
P T#F5E. Tan and Wu (1994) 518, RS T 121E
e PR R X sl b . ) =GE A 2k
(1997) BFFEHE i et 5% 8 2 b I3 S5 3R
JESF- i RNl BLAS A OG . il B AR A E P aE (2003)
MTCEESE I IE sh 5 it & ) FH 6 40 43 BT 14 O 12
S ATk T R BE By AR AN [R] b SR
B2, IR e A1 AR A R T TiHE

B T HEEHIETY . BBE RE T F ] A R R SR X I
RS Kb WA Z 0. b iEs %
(1994) FHSBERE /87 17 1991 4F 7 F VLIE M A RN 2%
WY & BRSEE BE 5 JLIR H RUBE 28 W 3k A AR A (1 Xt

MIKER ., RERE (1996) FHHLEEEHERE /30 T =
WA LR A MR 1 2 L A 454 5 %
WA —E MR . 220 (1999) FH XU 8 i
PR VKL RIRKR AT 00, a5 R R K2
WEE FE 1) 7 S EL R VKB R R A — B R R
ICJZ B B 1) R AB o0 USRI B R X . FRAR AR
PE (1999) XA e B2 e B2 119 235 # R AIE S HLAE
P SUNE & R R R S AR T T RESE . S
HERIFRZH3C (1999) I KU 1 g i XU R 1158
WRTERE . JF IR UL R S 2 M i A M 5 R
BRI P RIESEN EAE KR, S5RRY, IEM
JiRE e DRVRER i R AL F 0 S LY AR 5 4 b Yo 6 2 ke
TR P Bk R RN ) R RUBE TR I 2 A
AR, BRI B E FE F A 2 T S ARG rh ROBEAR T8 A1
IR AIE R G R R B 2 — BT )5 B
AKX FR TN KA — E T8 /R B L. Fei and Tan
(2001) i T AR & i 2 e i BB T A R e
1) 2 [ 25 AR RN (R JE AR R AIE . DL R AR 3R XU R G0
WX I & Tk B R Bl ) 2E AR R AR AE
(2003) Xf “98. 77 AT V)AL LR BN AT T IR IENE 12
Wrorr, S5 5LRT, 550 5% TR DX R AR LA 16 A
BRI — X5 M 1T S AR A IR e BE AT . TR A5
XI5 A BT SCE A MR A . AR AR SR
(2004) L3R T HRTEHE . WKUAR AR X R E B2 25 3l ) 2
BOAE TR 0 R TR T 0 A FRIR B. 4 0 AF
(2008) 43HT T — WK AR PRI B 75 A A1 00 1) W82 g
FFAIE

R A FRAT R (1989) HEH ) I BE AR 4%
TE . WEE R A B SRR Y — OB X, HERIA
WY o, XRYREALERE, 0. BLXTTRE.



P 33 %

1240 Chinese Journal of Atmospheric Sciences

MW BMEA AR YA BERE. WL, L. T
XATIRAFEA I GRA7IR) (Hoskins et al., 1985)
TREEALRE (Wu, 1984) FIEZE R (Lilly, 1986a,
1986b, 1990; Tan et al., 1994)., Han et al. (2006)
MR Y AEIV /0= REY, 5IAT —1NH5KRA
FRGEOR FE AV 4 A O 18— ) 28 KU e
B IR N T & R Hrh. 56 R KA
oL, AL iR K BAT R Btk ER i, 1 AL ] g
P 5 A R KR L SR TE R A . B SR 10748 XU T
JETE B WFE K tp AR AR B B 206 T A b8
AR T WE 7 A SC A [l B 4] 2 JXUAEE e A
JSCRVIRE FE 114 2 SC S 30 S PR B — AR L
IR AR 2 W 2 Hr X YR R K A R A AR X
T P AR RV E S+ TR R T TR R T

2 03 XUHE i A0 R A KU AE e

Han et al. (2006) 475 XUEiE B 2 LA

v
N r

EATE MY S Fom dr TGS YR
ERHHES . a] USR5 B i e e BE R . T
e H IR R S KRG R RIS

B (D I

H. = (9"“*@)@ (@7@)@

@ dz dz dx/)adz

H. =0 (D

dz

(o9 fydw_ (Fwou_dwou),

dx  Jdy Jdz \dy d=z dx Jz

(52— 05 r)5% @
m (2 X, H, W 5 R (1) T6 B 25 0y, w72t
ZZYER. B IR B R R AR A R O AL AT

Dutton (1976) %3, I K% I & Y] 28 K
R R B VI, bE 4 b A KOR AR X o
kit . I, ASCR A R T AL .

du __ Juy
U

dz dz’

dv _ I
dz  dz’

1o LU 433 U078 FH 3t e XU e E DDA A R 1
KGR KD N8 FSERR XU AU A T
H, Bk

H_%@@L@@%<@_@ ﬁy
g dx  dy

dy dz  dx Iz dz’

Vol. 33
(3)
R ARG B
Juy __ g d
22 f aylnT,
dvg _ g 9
dz f H.TIHT’
(3) AN
H%:?—f(VmTVw)+
Jdv_ du Jw _
(92— 95 +7)58 = Hi + He. o
X
H, :—s]% (VInT-Vw) , (5)
_ (v _du ) dw
H, = (5 ay-+:f) . (6)
H, 5 SO RAIZie . AR 8 2
v
Hi = o, 8;'

P, EWRS—F RErIE. ERATEM
AR S s R R S P A e o S I T 1)
B ZRE RN T R IR 2808 A Bl T3 3800 »
FOom R T R A KL E . B
BTN UL, Hy Ol oMk, MH. &
B (5) . Hy Wi G 2L 16 2 A9 BORRITAT
G T I E 2R, ORKR TR 1 6 il WL e
L B O T S 2 AL B A )R AN L fi
FHTHRRKR AL, (k55 W . A 225 72
H, Al LISy

R o B D7 R R AR S AR RO, B S R TR
JEARAARIE R, L R GE K . N Hy A5
Ik B ROART 5 B T4 X T 3 2 K- B
BEMECE . IE 10 26 ) T L R 4 X I E IR
SRz ARG (SUREO 1. H, £ (K2
(HmJ2) MIEE (A . RELRE. N, @
LA 53 A A 1) A XU AR 0 XU A
SR~ e R

3 Bl

s B
3.1 Bias=

2007 4£ 7 H 9 H 00 if~10 H 00 B} C[E FxHp



6 #1 FARUEAE - D)AE KU P R S XU e B 7 AR I v 2 W v 1) B2

No. 6

WANG Donghai et al. The Application of Shearing Wind Helicity and Thermal Wind Helicity in ... 1241

P, TED AREK A AR T SR B AR ALV A i 2
& (& 1a, by WIREYHDALT (44°N, 118°E) Ab;
)z 200 hPa b (| 10) S —Hl—EF A3, FEK
RIS . M4l (55°N, 113°E) &R
JEPUEg R A (48°N, 111°E) 4k, J5%E HTEdL AR
Fll . ASSCRIA WRFE (V2. 2) #00F 2007 48 7 A
9 H 00 Bf~10 H 00 BFFE A b b X A — K K ik
FEHEAT T RUHEAL.
3.2 HEEH

WREF 0k 4 v] . 3B ) 5 #2 Al Araka-
wa C ¥ . AR WAL 2k A i & A b5 (Eulerian
mass coordinate) , Runge-Kutta 3 By B[] FR 0 %
(Louis and William, 2002) , 4504 3 i 72 %
Ferrier 5% (Ryan, 1996) Fil Kain-Fritsch f{ = %
WEBAL 7% (Kain and Fritsch, 1990); [AR} 2%
MRF h 27724 (Hong and Pan, 1996) . Dudhia
K HEST (Dudhia, 1989) #1 RRTM K585 %
(Mlawer et al., 1997), BIXGER 1° X 1° 7 FpR
NCEP/NCAR (National Center for Environmental
Prediction/National Center for Atmospheric Re-
search) ZMAT9ERE (IRIE 6 b, FFKs w0 b i Z0 i
FUHLTE . PR3 BERE i WRF-3DVAR B | AR
FORBGEWILGR T FATRAN . BAUR HIKF- 73 B
SEA 27 km 9 kem (1 XU R TS AR RUAK
Ayl 121 X115 (D01), 177X168 (D02), L FH
SRR 0 S D01 (41.7° N, 119.7°E), D02
(41.8°N, 119. 9°E) TEE J7 [ Lo 31 A FEH
o )2, BB 30 s, BEILH ) IR i [a]
2007 42 7 J1°9 H 00 i, LR 24 /N, B
BORHEIRE A 1 he

K 2200747 H 9 H 00 Bf~10 H 00 A f
SEPR A (D02) 24 h i B K RAY
I3Ai . HE 2 AT, B 24 h REOK R A B EROR
MK XA F (42°N~45°N, 121°E~124°E) 2
], B ORRE/K T 80 mm, HA & 55 B 5 Sl
FAR 3, BRI SO0 0 R AT U AR AL TR A )
WG EIE MR (& 3), 45°N Uk k e, (5
(49°N, 129°E) Fll (48°N. 122°E) AbfyFsK o re
R A FriARsl (8 2), sk, BRI
GC R ARG W L (B 3D, KX, iR
WESSEh RS (EE , X EAFER,

WAL EXSH A, AN, WRE S8

54°N{ (@)

52°N- (k(
50°N PR
48°N+

46°N+

44°N+

42°N+

N

=
40°N /
38°N =
=INZ )=
34°N IR Y. ﬁ e
105°E 111°E 117°E 123°E 129°E 135°E
54°N{ (b)
50°N
48°N{

46°N 1
44°N-
42°N+
40°N 1

38°N-\

36°N

34°N“. : ﬁ

105E  11I°E  117°E 123 129°E  135°E

54°N{ (©) M

52°N 1 \ M

50°N

48°N \*—

46°N -

44°N

42°N-\
S——

W
yA\;

o \ S
"

105°E 111°E 117°E 123°E 129°E 135°E

&1 200747 H 9 H 00/ (a) 700 hPa, (b) 500 hPa F1 (¢)
200 hPa Hyii %%

Fig. 1 Streamline fields at (a) 700 hPa, (b) 500 hPa, and (c)
200 hPa at 0000 UTC 9 Jul 2007

MR UGS FEICIEFEK . KA1 5518 I 3 1 Gkl
PR Ty, I, FRATT R TP oK AR 2 1B 2 AT Y
WREF B i BORUE IR 1.



. I = 33 4
1242 Chinese Journal of Atmospheric Sciences Vol. 33
seN{@ ) s4oN{(D) )
52°N{ 52°N{
50°N 1 50°N -
48°N+ Il 48N —
46°N { - 46°N -
44°N A / - 44°N -
42°N4{— - P N 42°N4 —
8N [ L v ¢ ":4\ . - VAN 38°N (L & ¢ i _/ \
105°E 111°E 117°E 123°E 129°E 135°E 105°E 111°E 117°E 123°E 129°E 135°E
=T T Tes—
20 40 60 80 mm 20 40 60 80 mm

K12 200747 H 9 H 00 Ef~10 H 00 B (a) MMAT (b) LU BB 24 /NEFREK CAAZ: mm)
Fig. 2 (a) Observed and (b) simulated accumulated 24-h rainfall from 0000 UTC 9 Jul to 0000 UTC 10 Jul 2007

G

N

C

54°N\(@) | ///

52°N 1 K
50°N 1

48°N 1

46°N

44°N -

42°N

40°N

38°N-

- G
34°N .

c

105°E 11I°E  117°E  123°E 129°E

" 135E

a

54°N (b) /\
52°N l

50°N

48°N

46°N

44°N

42°N

40°N

38°N-> @
36°N+

N 2N\ \\

105°E 111°E 117°E 123E  129°E

135°E

B3 2007 4F 7 H 10 H 00 B () WA (b) #E4L 700 hPa i
Fig. 3 (a) Observed and (b) simulated streamline fields at 700 hPa at 0000 UTC 10 Jul 2007

3.3 FRILRIRFBR B Y1 KU iE B A0 TR XU g
BRI T
JELd 6. 853 km [y BE 2 S 195K U1 A2 KU e JiE
FNFA LRI E FE K- A3 AT RRAE . 4 2 TS
HTORHTER 2007 4E 7 7 9 H 12 &, 18 B HJ[A
A ], Hi [k (5], H [ AR (6) 1 6. 853
km FEZE (£ 500 hPa) EpoAn (B{EZ) 1
NBFREK (BI52) . B4 2B, RIFEKP0 S H
Wl P VelR st (K dey &), FEFSFEK X ICH S
555 1 H, 43 L, Bk F He IEE
MAEX AR (E da, by, HEE L H, {5HEZ
Ko W HAEFEKXBAES: H, 7€ 6. 853 km &
FEZ ESROKMIECRE 22 (K el D, 2007 45 7 H
9 H 12 8% 18 #f, H (& 4a, by, H, (& 4c. d),

Hy (B de, D SRBEWUN, AN K S H 12 B
12 mm/h, 6 /NI Z 530/ 9 mm/h, #] 0L H.,,
H,. H, 5FKaymEA—2, XHPL6. 853 km
LR R ST T U0 AR IRUBEE B RO A s XU e
B4 TR AR IR)Z . U078 XU T 2
AP RIE e i AT RE RS AT 2 TR 7K . A7 2R 43
ARHIE

AWK SRR ) K B 6 /NI B Rk R A=
162007 47 H 9 H 06 if~12 If, oK d.ofi T
(43.5°N, 122°E), [ 5 J&F B R
B9 H 12 Bt Bk 122°E (9 H, . H, . 8275
(ZE(HL) (B Shb~d), x -2 WERE (K.
u—wRGERE (R (K52 1 /NFFEK CE7
B 14 - FE A



6 14 FARWEEE « D)AR KU 3 AR XUIER i 32 A 7 A 8 10 2 W o 174 g
No. 6 WANG Donghai et al. The Application of Shearing Wind Helicity and Thermal Wind Helicity in ... 1243
50°N 50°N
() (b)
48°N 48°N
46°N 46°N 7
,14‘
_ -
44°N - 44°N A
42°N A 42°N A
40°N ﬂ — 0 . . 40°N ﬂ i i .
120°E 123°E 126°E 129°E 120°E 123°E 126°E 129°E
50°N 50°N
(© (@)
48°N + 48°N
46°N 46°N -
44°N A 44°N -
42°N A 42°N A
40°N . : : : 40°N ﬂ : . :
120°E 123°E 126°E 129°E 120°E 123°E 126°E 129°E
50°N 50°N
© (O]
48°N 1 48°N -
46°N 46°N
1
44°N 0 44°N -
42°N + 42°N A
40°N . . . . 40°N ﬂ : : :
120°E 123°E 126°E 129°E 120°E 123°E 126°E 129°E
3 6 12 mm 3 6 9 mm

B4 200747 H9H (a, b) Hi(Hfi: 10 8 s 2), (cv d) HICGANL: 109 s72) (e D) Ho (Bfif: 1078 s72) 7£ 6. 853 km )2 I

W43 A 2 EL 1 /IR K (BES) : (a, ey e 121F; (b, d. ) 18 i

Fig. 4 The distributions of (a, b) H(1078s72), (¢, d) H; (1079 s72), and (e, ) Hy (1078 s72) at 6. 853-km height along with accu-
mulated 1-h precipitation (shaded) at (a, c, e) 1200 UTC and (b, d, {) 1800 UTC 9 Jul 2007



X A B % 334
1244 Chinese Journal of Atmospheric Sciences Vol. 33
) (b)
161
141
12 \ //J> n
(s)
e
£ Eoof o “ ‘[\?é\/ 9
= = > 15
= =
e 2 8 !
2 2 @
6 @
4 O
24 15, .
ﬁiﬁﬁﬁﬁ”‘ FATere Sy T S 4 ~= &%}\‘\9 —
40°N  41°N 42°N 45°N  46°N 40°N  41°N 42°N 43°N 44°N 45°N  46°N
0.025’!
(©) (d)
161 IG-D O
141 4 N \
121 : - 12 P @ ,
. N S
£ 10 < <) ET S
= r“ :E <-3’
28 Q 2 g
T &K 2 "D
61 6
41 . 44
©
21 - 22—
40°N  41°N 42°N 43°N 44°N 45°N 46°N 40°N  41°N 42°N 43°N  44°N 45°N  46°N

B 5 200747 H 9 H 12 BV 122°E S4B i B A 1/ oK BB () 2 -z BWEERE Rk, B0 107%™ flu-w i
Y5 (b)) H (i 1078 s72)5 (o) Hy (Bfir: 1078 s72) ;5 (d) BEHEE (Bfi: 1072 m/s?)

Fig. 5 The meridional-vertical cross sections of physical variables and 1-h precipitation (mm) histogram along 122°E at 1200 UTC 9 Jul

2007;: (a) x -z vorticity vector (arrow) and u —w streamline field; (b) H (1078 s72); (¢) H1 (1078 s72); (d) helicity (1072 m/s?)

S T R =2 e R B D K DO A RN ORI YN
I (B 5a), K2 4 km DU 0908 EE &k
A, 2 4 km UL B B MR, (KR
W 0125 76 ELIR B R AR H, e X, H, 7ETR
X b fES, Ho MIEES AR L (& 5b) 1)
W H, WRME XM FREE 12 km & E)2
(E 5. H (K50 5 H, f53 el wH%—2.
VEHAAE T S XL U B9 H, LT, 5 H,
AL, o Rt s A B K RO X i O H 2 3 K
BRI A0 A RRAE . i LD 28 XU E B AP
BB 5 %o 2 W (R i2 WO A e i 8 e B (181 5D

TR BUE Z A BT 00T, DA
AN S BN 2 Wik 1 e A & SRk T % [
TRFTI A — o SR

4 ING

J7 SR BER LI . R EEAURE L R 1 ik 5

Gi—AY o0, YIREEERE. o, 2L
M—IE ., il QRO R4ERIERTS
TIHEMBSHRK S P Q) I ToE
FERAF A AR Z R 5 R HURE
IR TR B 5 MR B X UL 1 A i i ik
iz SRS B le . RGURFEERT )5 SR < fiE
TR G A2 B S IR O, R, iR
JEGRARGEM A b A K. B KT B Y] AV /
Iz (LY. GIA—DHRARG R LB AR
A, V1A KR EE (H.) » &5 0 5 0 X T
FLYVEA K R WG BT [ 1 70 A5 AN 3 23 %
A RO . DL VIR FEE ey AR 3 2 A
FHAFITURI R 0% B2 1 6 5 PR AT . T M AU 3 B
DI R e U048 » FER B &
Feoinl itk

H, = @, —=*.
! £ Jz



6 #1 FARUEA - D) IRVIRiE FEE R B XU 2 7 AR I v 3 FI9 ) B2 ]

No. 6

WANG Donghai et al. The Application of Shearing Wind Helicity and Thermal Wind Helicity in . .. 1245

Pk, Bt —F SRR, AT
ST BT AR A B E . AR T
PRVIRTIEE Rl X e JBE 330 L5 B B 1 2 Y
GORFRIRT G 0e 19 B 2200 R RRAN T &
3ty XL P e 2 A A 10 52 R ALk B ) R
MIA AL SRR, Tl 55 R

BEHR 2007 4 7 H B ZRAL¥e i Kl R R A7 8
(EREAEL M IRl o 19 R ROBE B0, 12 W ik
U7 I A v 4 D7) 72 DRV e B2 0 AT KR B . 73
PFrak B, BoKkrb O AL T Ho MBI AUE XL 5,
SRR B 5 AR AL — B AR T OGS 7Y
H, T, 5 H, ARl WRER L2 Wik
JEHIE SRR FGR XL ) A o 1 LS 25N 112
Wi T G IR

S %3k (References)

BRAE . WL 1999, M SEMIRBEREFRE (1] Pl R
15 (1): 81 - 85. Chen Hua, Tan Zhemin. 1999. Helicity dy-
namics in tropical cyclone [J]. Journal of Tropical Meteorology
(in Chinese), 15 (1) 81 -85,

Dudhia J. 1989. Numerical study of convection observed during the
winter monsoon experiment using a mesoscale two-dimensional
model [J]. J. Atmos. Sci., 46 (20): 3077 - 3107.

Dutton J A. 1976. The ceaseless wind [R]. McGraw-Hill. 579pp.

Etling D. 1985. Some aspects of helicity in atmosphere flows []J].
Beitr. Phys. Atmos., 58: 88 - 100.

Fei Shigiang, Tan Zhemin. 2001. On the helicity dynamics of severe
convective storms [ J]. Adv. Atmos. Sci., 18 (1): 67 — 86.

Han Ying. Wu Rongsheng, Fang Juan. 2006. Shearing wind helici-
ty and thermal wind helicity [J]. Adv. Atmos. Sci., 23: 504 —
512.

Hong SY, Pan H L. 1996. Nonlocal boundary layer vertical diffu-
sion in a medium-range forecast model [ J]. Mon. Wea. Rev., 124
(10): 2322 -2339.

Hoskins B J, McIntyre M E, Robertson A W. 1985. On the use and
significance of isentropic potential vorticity maps [J]. Quart. J.
Roy. Meteor. Soc., 111: 877 - 946.

s, REBEAE . IR, 2003, “98. 77 RRICEE R IR 1 HETE AL AN
SRELWI T (). BEA S, 22 (2): 203 -208.  Hou Ruigin,
Cheng Linsheng, Feng Wuhu. 2003. Diagnostic analysis of the
helicity and kinetic energy for a low vortex of “98. 7” extraordina-
ry heavy rainfall [J]. Plateau Meteorology (in Chinese). 22 (2):
203 - 208.

Kain J S, Fritsch ] M. 1990. A one-dimensional entraining/detrain-
ming plume model and its application in convective parameteriza-

tion [J]. J. Atmos. Sci., 47 (23): 2784 - 2802.

ZEEAR, RIS, mSFAS. 2004. Bl ) AR S BUTE SR I R T
AR FRTET (1], K424, 62 (4): 401-409. Li Yaodong,
Liu Jianwen, Gao Shouting. 2004. On the progress of application
for dynamic and energetic convective parameters associated with
severe convective weather forecasting [ J ]. Acta Meteorologica
Sinica (in Chinese), 62 (4): 401 - 409.

MR, FFZASC. 1999, ek IRIBIE BE K FCAE % T 38 78 0 7 v A4
A ] MERLEREFH], 22 (1D: 95-102.  Li Yaohui, Shou
Shaowen. 1999. Rotational wind helicity and its effects on torren-
tial rain processes [J]. Journal of Nanjing Institute of Meteorolo-
gy (in Chinese), 22 (1): 95-102.

R, 1999, HREMKE RN RKWBIEE T [J]. MmRg
FBEFEIR, 22 (2): 164 -169.  Li Ying. 1999. Helicity analysis
for high-wind and hail processes over South Yunnan in spring [J].
Journal of Nanjing Institute of Meteorology (in Chinese), 22 (2):
164 - 169.

Lilly DK. 1986a. The structure, energetics and propagation of rota-
ting convective storms. Part 1. Energy exchange with the mean
flow [J]. J. Atmos. Sci., 43; 113 -125.

Lilly D K. 1986b. The structure, energetics and propagation of ro-
tating convective storm, Part II; Helicity and storm stabilization
[J1. J. Atmos. Sci., 43 126~ 140.

Lilly D K. 1990. Numerical prediction of thunderstorms—Has its
time come? [J] Quart. J. Roy. Meteor. Soc., 116: 779 - 798.
X=GE , X2k, 1997, RSB 3 Y -4 43 % Al Beltrami 3 [T ].

KB, 21 (2): 151-160.  Liu Shikuo, Liu Shida. 1997. To-
roidal — poloidal decomposition and Beltrami flows in atmosphere
motions [ J]. Chinese Journal of Atmospheric Sciences (Scientia

Atmospherica Sinica) (in Chinese), 21 (2): 151 - 160.

S, ESEss. 2003, BRE R KR R R iTie (U] AR
4. 61 (6): 684 - 691. Lu Huijuan, Gao Shouting. 2003. On
the helicity and the helicity equation [ J]. Acta Meteorologica Sini-
ca (in Chinese), 61 (6): 684 - 691.

Mead C M. 1997. The discrimination between tornadic and nontor-
nadic supercell environments: A forecasting challenge in the
southern United States [ J]. Wea. Forecasting, 12 (3): 379 -
387.

Mlawer E J, Taubman S J, Brown P D, et al. 1997. Radiative
transfer for inhomogeneous atmospheres: RRTM, a validated cor-
related-k model for the long-wave [J]. J. Geophys. Res., 102
(D14) . 16633 - 16682.

Ryan BF. 1996. On the global variation of precipitation layer clouds
[J]. Bull. Amer. Meteor. Soc., 77 (1): 53-70.

Tan Zhemin, Wu Rongsheng. 1994. Helicity dynamics of atmos-
pheric flow [J]. Adv. Atmos. Sci., 11 (2): 175-188.

Wicker L J, Skamarock W C. 2002. Time-splitting methods for e-
lastic models using forward time schemes [J]. Mon. Wea. Rev.,
130 (8): 2088 - 2097.

Woodall G R. 1990. Qualitative forecasting of tornatic activity using

storm-relative environmental helicity [C]. 16th Conf. on Severe



P 33 %

1246 Chinese Journal of Atmospheric Sciences

Vol. 33

Local Storms, Amer. Meteor. Soc., 311 - 315.

RER VR, XITEDE, 25, 1996, — YR = IR % R 110 U4 02 e 1
b L)), BBk, 7 (2): 144 -150. Wu Baojun, Xu Chen-
hai, Liu Yanying, et al. 1996. Application of the geostrophic hel-
icity to analysis of a heavy rainfall event over the Gorges of the
Yangtze River [J]. Scientia Meteorologica Sinica (in Chinese), 7
(2): 144 -150.

Wu Rongsheng. 1984. On the change of enstrophy in the atmos-
phere [J]. Chinese Science Bulletin, 24; 1384 — 1386.

IoRAE, WA R 1989, T S i 55 o0 4 I8 B <1 1 7 A B i
[J]. B4 2F, 47 436 — 442, Wu Rongsheng, Tan Zhemin.
1989. Conservative laws on generalized vorticity and potential vor-

ticity and its application [ J]. Acta Meteorologica Sinica (in Chi-

nese), 47. 436 - 442.

Wu R S, Lilly DK, Kerr R M. 1992. Helicity and thermal convec-
tion with shear [J]. J. Atmos. Sci., 49: 1800 - 1809.

Wi, XER, TR, 45 1994, “91. 77 Hy T H R T Ay 02 e e
oMb D10, R424R, 52 (3): 379 - 384, Yang Yuekui, Liu Yu-
ling, Wan Zhenshuan, et al. 1994. The helicity analysis of Mei-yu
front storm rainfall during July, 1991 [J]. Acta Meteorologica
Sinica (in Chinese), 52 (3): 379 - 384.

U, FRUEHT, T 2008, — UCHR NI B 0175 A= I it 1Y) B E 2
BAE ot [T, REFBF#, 32 (1): 175 -183.  Zheng Feng, Xu
Haiming, Ding Yihui. 2008. Characteristics of helicity variation
during a low vortex event caused by easterly wave [J]. Chinese

Journal of Atmospheric Sciences (in Chinese), 32 (1) 175 -183.



