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Abstract A torrential rain event with severe secondary disasters (e.g., debris flow) occurred in the western Sichuan
Basin during 18-19 August 2010. Based on numerical simulation data and 0.5°X0.5° four-times-daily reanalysis data
from the NCEP’s Global Forecast System products, combined with dynamic parameters including the generalized vertical
convective vorticity vector (cvz), mass divergence (divden), vertical helicity (hel), mass vertical helicity (helden),
moisture vertical helicity (helqv), thermal vertical helicity (helth), moist thermodynamic advection parameter (mtp), mass
divergence flux (wdiv), divergence flux (wdendiv), thermal vertical divergence flux (wptediv), moisture divergence flux
(wqvdiv), generalized Q vector divergence (divq"), a diagnostic analysis and forecasting study of this torrential rain event
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were carried out. The results showed that: (1) all twelve dynamical parameters showed strong signals in the torrential

rainfall area. (2) The curves of the temporal trends of regional average dynamic parameters and the mean regional rainfall

were similar, showing a twin-peak structure. The time series' correlation coefficients of the mean regional rainfall and the

regional average values of generalized Q vector divergence, moisture vertical helicity (helqv), thermal vertical helicity

(helth), mass vertical helicity (helden) and vertical helicity (hel) were greater than 0.9. (3) The dynamic parameters

considered in this study are of considerable importance in the diagnosis and prediction of torrential rain in this region.

Keywords Sichuan basin, Rainstorm, Dynamic parameters, Diagnosis, Prediction

1 3|8

W E TG R R A, R . R
P77 e S AR B A 2k DY NV PG X, I X
BRI R A SR A KT AR R
AT, 2003), Mg IR B A M A BERE, TR
VG v 5 U )1 7 B Ak ) S R A & 5 R gt
W i WA RSERAEM UK H . DR
G 6 7)1 VG 5 Y TR B 30 b i S A (X % T
9T, ZEPERKPHRN (FZH%, 2011;
Wl FERTKRREAT, 2011) RIEEFRARLERE ChfE5R
&, 20140 R EFRAFAE CHBIEE, 1984, 1986;
PN, 2008) FEMA IR T ARG LA S 520 (A
WA, 1998; B dnans, 2008; fHESE, 2008;
Vo ERGKREAT, 2011) 25 JUAN 1. i, by
GRHEZ RN, BOKEEETE 7. 8 Ay, B
SR I IEAR S, 2R (5SS, 2009,
BEPIE S, 2012) ZR4F4E; DU 7 Hh R K 5 B K
SERR AR R B VAL AL X B K S B S ) 1 A
KR ZF, 15710 Hh X B KA B2 ) A Gk R
CHAZESRAE, 20145 EPU )| 2 H 7o 5 1 X a% 52 [
P T 2 SPTiily N O | B R A e | W e N e
EUEAEIRER GBAMEGR, 2014); R EHL (2012).
REFEMEML (2010) BFFT T G i A %75
VGRS R PR AL FE, $R: B
FHEFARME RGN 25 f1 2 208 FUK B
MO, 2R 2 A0 1) M P S8 0 ol A
AR, e R ORI i AR 0 R LA 7 AR P it A )
T PRI R, Ho TS A2 At i i Je A T
BRI T = AR K. BT B R THE R
Wi, B KW 4 VG L AT B — 45 B rg b 1R 1K 2
W, BH “YETEWBE” 2R (RBIESE, 1991),
ST A% L L T 6 0 R G A R FEAS/E T, A 2%
PR WA, b R 0 0 2 Y SRR A 8, B K
TBANI S GRESES, 2012),  {HIXEERFSY -2
ST M FH G v 27 IR 02 55 T 1 il 98 2 T TR 00 o

FRAE AR IRIE AL S RN AT 1Y, 5
DU 1] 2 RS 40 A% X 11012 W A TR A AR 0 A2
M L AL 2 N TR 55 7K ST 1R 8 v R A 23 77 9 ik
PITTTR o DY Za b VG 50 5 T S s 9
(KA, 2011, KRS, A
VO Wk 5 5 5 R e A AR IR A T, R, DY
JNEMTEX, JCHIE S TR Ie A AR A K 1)
72 1 VG S 2 W VR X IR A A I S A
I

F T A L5 2 Y 52 R 2 M DX (1) 5 T TR
BARBACRE — DT BRI, 2Ry
RAT BT R T R — . A (2013)
DA W i A AL oA R R R, R T P Bl e e ) —
RANGEW B TR IR THRE8) 1 1 ik R4t
(faiF% EDFF), JLHEAS JsU g s e H 2% my o (1)
B AIJEFE R, R T s A A ) A
PR A AT A E R X H T RAE KA
AR T, IS TR TR ZREN )G
EAERT. AR DML Bedb. hph. S ARSE G
AN N (Aarams:, 2013). iZ RS8N
TR BV X TR AE ) A6 2008 AR [E By 7 Hi X
VKT VR R S (A RTEE TN, 2009), A4
XA OWRT, 20115 JEEiaE, 20125 FAU4
25, 2013; VF254E, 2013) Fifdl GRGRIE S5,
2008; {ABIFIZEHINE, 2009; &%, 2010;
&%, 2013; f§40%%, 2014). Kb (4-ar5mss,
2013). 2 KRNI, 2012). EREHIX 22T
MRS R TR, — RARE TR 30
D AE SR PR X R RIS 5, 7R 59 Bk X FIERE
KRB 59155, fEROKIEX TR, A5
JIRIF I Fi AR A T GFS (Global Forecast System)
T A ST, AR B EE R K RS K
JREISAZ AR b T U B KA — S 1R s 1
(P25, 2013). BESR EDFF Jjikferh [ 24
Hh D6 T 22 2 R S A 8 R 2 I R TR
R, TE T BEUS HL )N PR, & 75 A e ?



2 19
No. 2

ik = A VIE TSP PSR ey - S @SR [ 9= &I

LI Qin et al. Diagnosis and Forecasting of Dynamical Parameters for a Heavy Rainfall Event in Sichuan Province

343

R, A SCREBY TR G 8 ) R ik & 4 Je
By, ds T ROBE RS 4B B L. S5 NCEP/
NCAR 4p#i% % 0.5°X0.5° GFS TRz 7ikl, %t
2010 4F 8 H 18~19 H R AAEPI N a1 — %k
IR T Ve A I K T 1) 5% W e R 1 B 7K i 8 e v X
AT W T, FEMEIR LA S (D £S5
IR F IR RG2S IE T PUNE X 2 (2D
WRIEH, Horp et g 5y (kg wims e sh )y 1)
SPZHLX T2 Wi R e i 2 (3) Bhik g Widch
S A 1) R D T A PR DU ] P S X RN ? AN S ok
51115 o 1 70 (ST Y R G 1 T 3B w2 T SRR
K7, DUMENE SR T — P il i K M A 56 52 W A
TR, DA A DY 1] 4 b o 5 2 Y Tl 45 T4
etz % 1 .

2 ERFT

TR (9~3 km) (%54, 2014), F[EH NCEP/
NCAR 0.5°X0.5°7 #5% GFS TRz %6, 2010
8 H 18~19 FHIARAAEDY NP — k51 & Tk
AU KT ) 3 TR O R ) A K iR R R s X R AT 4
T HT . XK FERAESE 2010 4 8 H 18 H
12:00~19 H 12:00 (Hpift sy, D PY)1ZEHs
VG0 L kS Y )1 e 3 o 20 b A 2 TR) R kK
I 0 b FEZ B 20 DX 3 BP0 — R 2 Ml R PR T
BALEEWX 5T X (5%, 2013) 1%
e, RARAE—PRE M, 3 A H Bk R
R T RR[4R AT R BRI VL b FE W 2 ik
294.8., 277.2 f1203.2 mm (24 h) '], &K= S A
WA AY s IERCK B giPT. #RVEHESE 16 B
T Uy, ISR I R K X L2 Ak
Pt TSR A TR . IR WIS R T
— MR OC R ET SR N (RFRSE, 2010),

21 & i R OK P A IR B b A AR O R TR
ASCIE HH R WRF B (V3.4.1) K44 pi COREVIR” HRIESA, R E IR T
1 BMOBEFENT
Table 1 The brief introduction of dynamic parameters

PIRSER WA PEEE X AHIRSCHR
T SOR I vz :i[(aiwfg)ai‘+ u_ dw, 00 G TIRERERT AR, fEEIFRIER  Gaoetal. (2004, 2007)
R p O G & Ip ox o POM L BRI S (2008)

Yang and Wang (2009)
JICHE divden = o(up) +5(V,0) ERERALIY X2 U (1) T 5y ) 45
ox y
ov ou ) BLRAL T AR B 1) T B A B AN R (2009)

A ar hel=_ 2 ¥ _ouy__ @
RS E R FERFS Q01D
Jo I AR iE helden = w[a(Vp)_a(Mﬂ)] B A AR IR IR A (R R A KNI (2012)
Ji53 Ox oy
KIKTEH helqv = ﬁ[a(VQ) _ 5(“Q)] B A BRI 7K R B 11 T A A7 PR A B AN R (2009)
byl pox Oy
HOMEH helth:_w[a(ve*)_a(uﬂ‘)]:_wg EAREL T I G S AR T R R A E RS (2013)
IR ERE ox oy " M, 68T KRR ESEE B
I mtp=V,(-v-V8)-V,0 BRI PR, IS SR & (2013)
i 244 YRR
HIRE T . wdiv=g(@+@) BRI AT HIRE 1) T L AR A FI R (2009)
BB p Oox 0Oy
R TR wdendiv:w[a(up)+ 5("9)] ZHIEUT, WX USMUAAERUE, B miE s —_—
3 ox o TEEESE LG, RE T A Hh R IR B N R G010 K J
HITEE wptediv= - V(6" -V) CLEA T BRI B s KRR N 582 misr e aE (2013)
I 0 THEF)
IRIHEE qudiv:ﬁ[a(uq) . 5("!])] B A R K Y R HRE (1) T A 17 O AR HFI R (2009)
S5 p  Ox oy
JUN QKL diva” 7_(5Q; +6£ ‘E RN I I B i AR K I 5 B K RGN EER Yang etal. (2007)
e ivq = p™ 0}})
W 0 ) SORAL, P RTSERE, u WE I, v AR, © Kk pFRRTWEERE,

" ., 0vOu Oudv 1 6udd ovoo . 0v6u_67u@_iaiu@7n9‘ @079* -
0, —f(ga—ga)—ﬁ(ag‘*ag)’ 0, —f(ga £ Ey) o0 (By o + o o ),/ =0.0001 .



P NG & 40 %
344 Chinese Journal of Atmospheric Sciences Vol. 40

34°N (@) eVZ5um mm 34°N g J—
130N 125 330N, 125
32°N 1 100 32°N- 100
31°N \g 75 310N .
30°N A 30°N |
50 50
29°N 1 {\ 290N i
25 25
28°N 28°N
27°N ’ 10 270N | 10
26°N L— : s : : , 260N L. DA =i S,J:
98°E  100°E  102°E  104°E  106°E  108°E OFE  100°F 102°E J0FE  106°E  108°E
34°N L(\C) he\l\sum N &/g!l’:( - F - 34N | L(f‘) helden sum i L.;‘ - fd -
Ln S~ ~ - )
on ~ N9 125 o N Y4 125
33°N pSGIND P 33N e P g

32°N é\« ‘ ' , ‘\? 100 320N ‘ ' ' m}"‘ 100
310 7 . 3 o N -
N i = .y ; 75 3(1)::1 g ~ 75

“ < 50 | { ﬁ ¢ 50

29°N | | . }W"mﬂl 29°N | \% . H(:;:

28°N Q 25 ) = 28°N (\Q‘S < /(’( L}b =

27°N | \17 yw 10 27°N | N o 10

{ gm - ¢ ? >

30°N -

26°N L — : : : 26°N L — ‘ , : ‘ ‘
98°E  100°E 102°E 104°E 106°E  108°E 98°E  100°E  102°E  104°E  106°E  108°E
34N (@) helquum 4/3 e af ol mm 34°N | g)helm <um :y < = ¢ _—
,V :
on | ) 125 oN | g Y9 125
33°N ( \i\v;aﬂvw 33N \-«L\J S

32°N | ‘ , i Bioo 32°N ] \ $ , S H100

oNJ 4 . ) I/f oNJ 4 . . va)

31°N 75 31°N \ 75
éf\'\f’ Y x {\\"’\‘/

30°N | . 30°N | . J
- 50 ¢ 50
ONJ - StV ONJ "
29°N ; 2 N} L,SJJ ’s 29°N Qj \3/\\) ,‘S‘”@ & S s
28°N | 28°N 1 P Qf}_,j
27°N | } ( 1 10 27°N | { o 10
26N & b 5 W ‘ ‘ 26°N R/ - ‘ ‘
98°E  100°E  102°E 104°E 106°E 108°E 98°E  100°E 102°E  104°E  106°E  108°E
34°N 4 (g) mtpsum \V/ 5 f\};\,\-‘ - {J mm 34°N A ‘(h) W‘gfndlvsum . g X;{\L"’t - 57 mm
N2 & =% ¢
33°N1 NP Sw PN 125 WNY e L’ .
N| N l \“‘Tf; 100 32°N | \X 100
. : /
31°N i /J 75 3N 1 7
30°N | \ Y MR 30°N |
< 50 50
200N Sy 200N o
VAN 34 ffW 1H2s i~ ™ 25
28°N (\v - T 28°N | \M\ ;
\ / ~ -
279N ] J \Rzg { ad 10 279N | g J ) 10
Nl 48 vt P ‘ 26N L& © e i ‘
98°E  100°E 102°E  104°E  106°E  108°E 98°E  100°E 102°E  104°E  106°E  108°E

Pl 1 2010 4F 8 H 18 [ 12:00~18:00 gl 6 h ZARMLI /K I (BI5%, Bafi: mm) LURER P93 ) 7 Frs AR fAR s i (S5 {EZ): (a)
T SOV A TR FLA i (ove g B0 107K s™); (b)) JREBUY (divdeng,, B470: 10°kg’m7s™); (o) MEEIEHEE (helyn, HA7: 10°kg?
m s (d) BRI HARIEE (heldengm, HA7: 10°ke m™s™); (o) AKHUTR HMRHESE (helqvam, HA7: 10 kg m 2 s™); () T HIRHEE (helthom,
i 10°Kkg'm s (@) MAIIFRBE (mtpam, B4 10 K2kgm ®s™); () BT R (wdendivem, Hfii: 10°kg*m®*s™); () %
PSS TR R (Wdiven, SR 10°kg?m2s™); () )X Q@ KEEUE (divg'am B0 10°8kgm™s™)

Fig. 1 The 6-hour simulated rainfall (shaded, units: mm) and hourly average quality weighted vertical integration of dynamic parameters (contours) from
1200 UTC 18 to 1800 UTC 18 August 2010: (a) Vertical component of generalized convective vorticity vector (cVZ g, units: 107 K s '); (b) mass divergence
(divdengyy, units: 10? kg3 m’ s’3); (c) vertical helicity (helg,,, units: 10° ng m? s’6)' (d) mass vertical helicity (heldengyy, units: 10° kg4 m?® s"")' (e) moisture
vertical helicity (helqVum, units: 10 kg®m *s™®); (f) thermal vertical helicity (helthg,y, units: 10° K kg® m > s®); (g) moist thermodynamic advection parameter
(Mtpgym, uNits: 104K kg2 m*® 5_3); (h) divergence vertical flux (wdendivgyy, units: 10% kg ms” ); (i) mass dvergence flux (wdivg,m, units: 10° kg m2s” ); (1))

generalized Q vector divergence (divq’, units: 10 kg m>s™)
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Fig.2 Same as in Fig. 1 but for 1800 UTC 18 to 0000 UTC 19 August 2010
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Table 2

parameters and regional rainfall in the Fig. 4a square area

The correlation coefficients between dynamic

T SRR K B AH G R 8L
evZ sum 0.63955
divdengm 0.79004
wdendivg,, 0.795485
MtPsym 0.807458
wptedivgym 0.815394
wqvdivgm 0.8406
wdivgm 0.875209
divg sum 0.903174
helqvgum 0.92482
helthg,m 0.942195
heldengm 0.942465
helgym 0.94416
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Fig. 4 (a) Simulated 24-hour accumulative precipitation (contours, units: mm; shaded: terrain data, units: km) from 1200 UTC 18 to 1200 UTC 19 August
2010. The red square is the regional average area. (b, ¢) Time series of regional average rainfall (units: mm h™') and regional average quality weighted vertical
integration of dynamic parameters (vertical component of generalized convective vorticity vector (cVZ gum, units: 107" K s™); mass divergence (divdengyy, units:
10*kg* m 7 s7); vertical helicity (hely,y, units: 10° kg> m s ®); mass vertical helicity (heldeny,,, units: 10* kg* m® s7®); moisture vertical helicity (helqVum,
units: 10 kg?m 25 °); thermal vertical helicity (helth,y,, units: 10° K kg® m > s™°); moist thermodynamic advection parameter (mtpguy, units: 10°*K>kg*m °s7);
mass divergence flux (Wdiveyy, units: 10°kg?m s ®); divergence vertical flux (wdendivy,y, units: 10*kg*m™® s~); moisture divergence flux (wqvdive,y,, units:

kg’m %s°); thermal vertical divergence flux (wptedivgu/1.5, units:10°kg’Km s °); generalized Q vector divergence (divq’, units: 10 kgm s °)
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Fig.5 The 6-hour observed rainfall (shaded, units: mm) and average dynamic parameter vertical integration (contours) at 1200 UTC 18 and 1800 UTC 19 August
2010: (a) Generalized vertical convective vorticity vector (cvz*sum, units: 10°K. s_l); (b) mass divergence (divdeng,y,, units: 10% kg3 m 5_3); (c) vertical helicity (helgym,

units: 10°kg?m ?s °); (d) mass vertical helicity (heldeng,,, units: 10°kg*m ®s®); (¢) moisture vertical helicity (helqvy, units: 10 kg?m *s©); (f) thermal vertical
helicity (helthg,y, units: 10*K kg® m~*s™°); (g) moist thermodynamic advection parameter (mtpy, units: 10 *K?kg?m °s >

kg*m®s7); (i) mess divergence (wdendivg,y, units: 10 kg m 2s ®); (j) generalized Q vector divergence (divq s, units: 10 "kgm s>

); (h) divergence vertical (Wdivg,y, units: 10
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Fig. 6 Same as in Fig. 5 but for 1800 UTC 18 and 0000 UTC 19 August 2010
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Fig. 7 Same as in Fig. 5, but for 0000 UTC 19 and 0600 UTC 19 August 2010



P NG & 40 4%
354 Chinese Journal of Atmospheric Sciences Vol. 40

T X AR5 5% B Ak 2 PR TR e 0 A PR

8 A 19 H 00:00~06:00 (|& 7), F&KH44k -
WEAVRGS, FEH RS B A A A b—Pa R ik
i AR—PG ) 3 A o B At EATIAEAE JLAN BH S () 5
K, Z35IAE T (29.8°N, 102.9°E). (30.2°N,
103.7°E). (31.4°N, 104.1°E). (31.9°N, 104.4°E)
BT ST B B0 ) DR -6 KAty o A g T Bt
HUFRAR, UL XS B 7K 1 350 18 R i 20 A AL AT 4L
HRZIE . 19 H 06:00~12:00 (EH&), &3 71K
TR KRGS TR I TIAR AR

g LITIR, IXLLE) ) PRk e vk i R K sk B
IK R G R 5 A ) BAT — 58 I TR R

6 HR5HR

AL SER H o P AR BB A TR AR S
) J PR 0L AR G B T SORE I I B Ok A Ly
B (ovz )\ JRRBUE (divden). TEHIZHER (heD).
Ji T 2 E S (helden) K YR E LR TiE S (helgv)
Py EHIEHERE (helth), RS FRZSBE (mtp).
ST A R (wdendiv) . LR R L OE

(wdiv). #HE T il & (wptedive) . ZKYAHL
Bl (wqvdiv), |7 X Q KEEUE (divg) % 12
) R Bk S s SO T o, i — 2R
I 15 0 R AR AR AU 2 SR B g DR B TR v
A 55 b T K IS TR AR R AH G, 20 Al T8 IR 7
oK Z VIR, s H5EE GFS 6 h #1112
h TR SR E &2 R, 45 Bk RE i
ik, HEIERBEKEATR b, BRI T 3 ) R R
KPR FE R E S, FELRUR:

(D 53 IR &G 183 ) 1 K E
DX 1 K 9 DX R R 2 e R — B0k, e AT
R BEIK T XS W R R AF

(2) 2%5)) 7 PR~ DX I 35 R I 1] 114 A% A it e #46
e 2 D HE R K DX dak 34 {1 Bt N ] A2 4k il 2 X0 T
& MR 0.6, H, )X 0 K&
BORE . KR ELRTE RS . ) IR . i
BRI R EREE S K PR O R EUR O (GA
0.9 LLED, XTIk BEK 2 Wb R B

(3 FIH GFS iz v RHT R I i s X9t
RIL, IXLEEZ) Iy PR L K AT — s I TR g
77, AH T GFS J Ui 3 A 28 DL R T 28 el
I 2% 73 2 5 JU DAL, B0 0 DR 068 LG 2 A 7K ot A i
D7 T PR S FATARAE — € 220

SR TR ZE R0 ], T AN[R] f0 B e A, 2 —
AN B DR 7 FR) G A R ALE R 9 A A AR A W)
2E5e (5, 2006), HMaHN7FRIET K
RIS T I, O B R R ) 4 s A ] s A7
AN, DRI, BATTH R Y BE 22 DY )1 S Y v
R AN K T Ji& 51y g DAL 7 B 40 3000 TR e A5 7 T X
WA

SZ 3k (References)

P12 R, IR, XK. 2011, 7558 55 DY )| #0525 [k H A2 1k
X [0 m A%, 30 (4): 852-859.

Xiaodong, Liu Changhai. 2011. Contrast of diurnal variations of summer

Bai Aijuan, Liu

precipitation between the Tibetan Plateau and Sichuan Basin [J]. Plateau
Meteor. (in Chinese), 30 (4): 852-859.

ST, XN, PRI, 5. 2006. A6 g HHTSUIERR I VA X 58 4 THAR
J5i (0] RS RHE, 34 (2): 132-137. Cai Yiyong, Liu Aiming, Chen
Xueqin, et al. 2006. Perfect prediction method of rainstorms induced by
tropical cyclones over Fujian Province [J]. Meteor. Sci. Technol. (in
Chinese), 34 (2): 132-137, doi:10.3969/j.issn.1671-6345.2006.02.003.

iR, JBUER, %3, 2010. 1981~2000 4 U 1|5 2 5 b K RBE IRV 15 5t
FHIE [J]. RAFRHE223R, 33 (4): 443-450.  Chen Dong, Gu Lei, Jiang
Xingwen. 2010. Characteristics of large-scale circulation background of
summer heavy rainfall in Sichuan during 1981-2000 [J]. Trans Atmos.
Sci. (in Chinese), 33 (4): 443450, doi:10.3969/j.issn.1674-7097.2010.
04.008.

T, AN, R, A 2013, S5 E) ) TR TR VARG ()]
MK, 32 (4): 289-302.  Gao Shouting, Ran Lingkun, Li Na, et al.
2013. The “Ensemble Dynamic Factors” approach to predict rainstorm [J].
Torrential Rain and Disasters (in Chinese), 32 (4): 289-302, doi:10.3969/
j.issn.1004-9045.2013.04.001.

Gao S T, Li X F, Tao W K, et al. 2007. Convective and moist vorticity

vectors associated with tropical oceanic convection: A three-dimensional
cloud-resolving model simulation [J]. J. Geophys. Res., 112: D01105,
doi:10.1029/2006JD00717.
Gao S T, Ping F, Li X F, et al. 2004. A convective vorticity vector
associated with tropical convection: A two-dimensional cloud-resolving
modeling study [J]. J. Geophys. Res., 109: D14106, doi:10.1029/
2004JD004807.

B, BPER, FLA, 4%, 2008, HuJEsZE R PG ) B R K U AR L4
[J]. 5% F}2#, 28 (2): 176-183.  Ge Jingjing, Zhong Wei, Du Nan, et al.
2008. Numerical simulation and analysis of Sichuan rainstorm under
terrain influence [J]. Scientia Meteor. Sinica (in Chinese), 28 (2):
176-183, doi:10.3969/j.issn.1009-0827.2008.02.009.

TAGER, BEH S, 4R, S 2014, BRELDU ) 7 X R K AR BRAE AL
FE R SRE [7]. KARH#, 38 (1): 13-20.  Hu Degiang, Lu
Riyu, Su Qin, et al. 2014. Interannual variation in the mid-summer
rainfall over the western Sichuan Basin and the associated circulation
anomalies [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 38
(1): 13-20, doi:10.3878/j.issn.1006-9895.2013.12192.

WX, AR, FERE, 4. 2008, U 20 AEPU)I R FE RN R A IR



2 1 PR PR RS ) R 459 i S TR s ST

No. 2 LI Qin et al. Diagnosis and Forecasting of Dynamical Parameters for a Heavy Rainfall Event in Sichuan Province 355

JERRRH 5t [J]. RILHAR S S5 B8, 17 (Z1): 132-137.  Jiang
Xinwen, Wang Xin, Li Yueqing, et al. 2008. Large-scale general
circulation characteristics of heavy rain of Sichuan Basin at latest twenty
years [J]. Resources and Environment in the Yangtze Basin (in Chinese),
17 (Z1): 132-137, doi:10.3969/j.issn.1004-8227.2008.z1.024.

B, AR, W, 2004, DY) ML — sk R AR AU 4 T 5
gl [7]. KSRk, 38 (6): 1095-1108. Li Qin, Cui Xiaopeng, Cao
Jie. 2014. Observational analysis and numerical simulation of a heavy
rainfall event in Sichuan Province [J]. Chinese Journal of Atmospheric
Sciences (in Chinese), 38 (6): 1095—1108, doi:10.3878/j.issn.1006-9895.
1401.13255.

AR, RMESC, st 2005, BRE SRR R SCTIR 0 AR 5
W 7. K% B, 33 (1): 7-11. Li Yaodong, Liu Jianwen, Gao
Shouting. 2005. Progress in researches on application of helicity to
convective weather prediction [J]. Meteor. Sci. Technol. (in Chinese), 33
(1): 7-11, doi:10.3969/j.issn.1671-6345.2005.01.002.

T, 2011, & KSR 3) IS W7 04 55U A [D]. Bt fs B L
FER2EM 2440718 3. Lin Qing. 2011. The dynamical diagnosis and

numerical study of typhoon Morakot (0908) [D]. M. S. thesis (in Chinese),

Nanjing University of Information Science and Technology.

P, I, EIRZE. 2008. 2003 4 8 ¢ ELEIACH 7 L B FIRCRUR 4>
HrFgT [J]. %244, 66 (3): 371-380. Lu Ping, Yu Rucong, Zhou
Tianjun. 2008. Numerical simulation of the mid-night rainfall over
Sichuan Basin during August 2003 [J]. Acta Meteorologica Sinica (in
Chinese), 66(3): 371-380, doi:10.11676/qxxb2008.035.

JERE, CTINEE, FIRZE. 2009. DY )1 G 7 A O W40 KV AU
PERRTSY [J]. KARME, 33 (2): 241-250.  Lu Ping, Yu Rucong,

Zhou Tianjun. 2009. Numerical simulation on the sensitivity of heavy

rainfall over the western Sichuan Basin to initial water vapor condition [J].

Chinese Journal of Atmospheric Sciences (in Chinese), 33 (2): 241-250,

doi:10.3878/j.issn.1006-9895.2009.02.04.

Y, AMAR, ZRUE. 2010. —ARIL R Y IR 1 BUE A A K PR e
BERK I RN 2B (0], R SRS, 33 (2): 35-42.
Luo Kai, Li Yaodong, Qin Li. 2010. Numerical simulation and application
of moisture helicity and moisture vorticity budget on a rainstorm process
over North China [J]. Meteorology and Disaster Reduction Research (in
Chinese), 33 (2): 35-42, doi:10.3969/j.issn.1007-9033.2010.02.005.

0y, W, Bk, A 2013, PUNPRATIIRTH (M]. Bl PEREAC
1l K2 H A, 70pp. Ma Li, Feng Hanzhong, Yang Jin, et al. 2013. The
manual of the weather forecast in Sichuan Province [M]. Chengdu:
Southwest Jiaotong University Press, 70pp.

ARSrum, PRIE, Dukik. 2013, H550 ) B F IR R 5 K HA—51)
AR IEX TR (1], HHRAER, (3): 12-16, 29. Niu Ligiang,
Chen Changsheng, Ma Hongbo. 2013. Multi-dynamical parameters
system and its forecast verification to a shear torrential rain areas [J]. Jilin
Weather (in Chinese), (3): 12-16, 29.

A3, REHETT. 2000. SRR G T T AR R BRE I A A
ERBE W T [, PBR2E4R, 58 (11): 8094-8106. Ran Lingkun,
Chu Yanli. 2009. Diagnosis of vertical helicity, divergence flux and their
extensions in heavy-rainfall events [J]. Acta Physica Sinica, 58 (11):
8094-8106, doi:10.7498/aps.58.8094.

Fdh, SRR, MRS, 2014, <7217 2R AR S g K7 2 R TR T

7% [J]. KR, 38 (1): 83-100. Ran Lingkun, Qi Yanbin, Hao
Shouchang. 2014. Analysis and forecasting of heavy rainfall case on 21
July 2012 with dynamical parameters [J]. Chinese Journal of Atmospheric
Sciences (in Chinese), 38 (1): 83-100, doi:10.3878/j.issn.1006-9895.2013.
12160.

VR, SRMELE. 2010, DY) =K H AL B (0], malst
K%, 30 (4): 860-868. Shen Peifeng, Zhang Yaocun. 2011. Numerical
simulation of diurnal variation of summer precipitation in Sichuan Basin
[J]. Plateau Meteor. (in Chinese), 30(4): 860—-868.

AR, WA, RO 20120 HUBX TR —IROKE T B S

BAEWETT [J). K% 24, 70 (1): 65-77. Sheng Chunyan, Gao
Shouting, Shi Yuguang. 2012. Numerical simulation of the dynamic effect
of the orography on a Mentougou severe torrential rain event [J]. Acta
Meteorologica Sinica (in Chinese), 70 (1): 65-77, doi:10.11676/
qxxb2012.006.
TERYE, AERST, ARLEMS, 55 2013, “FERIT R wy G 0E R R B
WAL Wi (7). KARE2EIR, 36 (2): 147-157. Wang Lijuan,
Ren Chenping, Cui Xiaopeng, et al. 2013. High-resolution numerical
simulation and diagnostic analysis of rainfall amplification of Bilis (0604)
[J]. Trans. Atmos. Sci. (in Chinese), 36 (2): 147-157, doi:10.3969/j.issn.
1674-7097.2013.02.003.

VPS40, BRI, 4. 2013, SR AN TAREA IR “SLRsE
(0908)F& R 7% DX (S Wi 5 TR FT [J]. KR, 37 (1): 23-35. Xu
Luan, He Jinhai, Gao Shouting, et al. 2013. Diagnostic and predictive
studies of torrential rain location associated with land falling typhoon
Morakot (0908) using multi-dynamical parameters [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 37 (1): 23-35, doi:10.3878/j.issn.
1006-9895.2012.11156.

TRAAE, ERE, W] 1991 PUEIUR (M) JERT BT, 298pp.
Xu Yuhua, Wang Zongde, Wang Ming. 1991. Climate of Southwest China
(in Chinese) [M]. Beijing: China Meteorological Press, 298pp.

BRI, HZZH, 2R 2012, PY)I SRR K H AR AE 53 AT AN
L [7]. HeERRFUERE, 27 (8): 885-894. Xue Yujun, Bai Aijuan, Li
Dian. 2012. Analysis and numerical simulation of diurnal variation of
precipitation in Sichuan Basin [J]. Adv. Earth Sci. (in Chinese), 27 (8):
885-894, doi:10.11867/j.issn.1001-8166.2012.08.0885.

B, BRAK, st 2013, AKVRBRNERE R R ) IR e AR AL B <A
R” WFEFR RN SN [I]. HERPIELAE R, 56 (7): 2185-2194.
Yang Shuai, Chen Bin, Gao Shouting. 2013. Diagnostic analyses and
applications of the moisture helicity and the thermal helicity for two
strong “sauna” weather processes in northern China [J]. Chinese J.
Geophys. (in Chinese), 56 (7): 2185-2194, doi:10.6038/cjg20130706.

Yang S, Wang D H. 2009. Diagnostic analyses of the modified convective
vorticity vector in non-uniformly saturated moist flow [J]. Atmospheric
and Oceanic Science Letters, 2 (3): 142-147.

Yang S, Gao S T, Wang D H. 2007. Diagnostic analyses of the ageostrophic
Q vector in the non-uniformly saturated, frictionless, and moist adiabatic
flow [J]. J. Geophys. Res., 112, doi:10.1029/ 2006JD008142.

Yang S, Gao S T, Lu C G. 2014. A generalized frontogenesis function and its
application [J]. Adv. Atmos. Sci.,, 31 (5), 1065-1078, doi:10.1007/
s00376-014-3228-y.

HEHE. 1984, DY)t KBl B8 F I AR A 5 e i 0], i, 3



=

Y3

N = 40 3%
356 Chinese Journal of Atmospheric Sciences Vol. 40
(3): 58-67. Yu Shuhua. 1984. Resultant analysis of large-scale 54, 29 (4): 819-831.  Zhao Yuchun, Wang Yehong. 2010. A case

heavy-rain storm over Sichuan Basin [J]. Plateau Meteor. (in Chinese), 3
(3): 58-67.

HEBLAE. 1986, U )1 M R PRl 9 2 W IR 6 B AT ——( =) TR A )2
gikaEE ) msA%, 5 (1): 62-70.  Yu Shuhua. 1986. The
compositive analysis of broad heavy rain storms over Sichuan Basin.
PartIl: The fields of temperature, humidities and unstable stratifications
[J]. Plateau Meteor. (in Chinese), 5 (1): 62-70.

AU, WREEEE, fTOGEE. 1998. i[5 B AS IG )1 734 G 34 5 P 4% W
WA R 0] KAFRME, 22 (3): 379-383.  Yu Shuhua, Teng
Jiamo, He Guangbi. 1988. The numerical experiment of plateau terrain
influencing for a suddenly arising torrential rain in the west of Sichuan
Basin [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 22 (3):
379-383, doi:10.3878/j.issn.1006-9895.1998.03.14.

TR, AR50 2002. i @ REWMETY o I [J]. M5
52441, 25(3): 420-424. Yue Caijun, Shou Shaowen. 2002. Comparsion
of wet Q vector divergence with w field [J]. Journal of Nanjing Institute
of Meteorology (in Chinese), 25 (3): 420-424, doi:10.3969/j.issn.
1674-7097.2002.03.019.

R, 9008, A5, 5. 2011 BRI /E IR IE 2 Fh g M RS
PN IRERE [J]. FEF K, 30 (2): 107-116.
Shou Shaowen, et al. 2011. Progress in application study of helicity to

Yue Caijun, Guo Yu,

severe weathers [J]. Torrential Rain and Disasters (in Chinese), 30(2):
107-116, doi:10.3969/.issn.1004-9045.2011.02.002.

BT, . 2008, KU SR TE B RIS WA R S TR S (D]
KAFI, 32 (3): 444-456.  Zhao Yu, Gao Shouting. 2008. Application
of the convective vorticity vector to the analysis of a rainstorm [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 32 (3): 444-456,
doi:10.3878/j.issn.1006-9895.2008.03.03.

AEA, EMAL 2010, w5 ids A2 oG eg s K w R AR (9],

study on plateau vortex inducing southwest vortex and producing

extremely heavy rain [J]. Plateau Meteor. (in Chinese), 29 (4): 819-831.

B, VRN, EE. 2012, 174 s R AR T R T [J].

Ak SIREENST, 17 (5): 607-616. Zhao Yuchun, Xu Xiaofeng, Cui
Chunguang. 2012. A study of convective rainstorms along the east slope
of western Sichuan Plateau [J]. Climatic and Environmental Research (in

Chinese), 17 (5): 607-616, doi:10.3878/j.issn.1006-9585.2011.11056.

JEHE, AAZ, AR, 5. 2010 PYJIARIE 50 ARk AR AR K

S [J]. HFE2ER, 66 (5): 619-630.  Zhou Changyan, Cen Sixuan, Li
Yueqing, et al. 2011. Precipitation variation and its impacts in Sichuan in
the last 50 years [J]. Acta Geographica Sinica (in Chinese), 66 (5):
619-630, doi:10.11821/xb201105005.

JHTERE, VS, RIS 2012 AR UL BRI R

BRI BRI WM 0] KR, 36 (1): 23-34. Zhou
Guanbo, Cui Xiaopeng, Gao Shouting. 2012. The high-resolution
numerical simulation and diagnostic analysis of the landfall process of
typhoon Fungwong [J]. Chinese Journal of Atmospheric Sciences (in

Chinese), 36 (1): 23-34, doi:10.3878/j.issn.1006-9895.2012.01.03.

NI 2012. 2009 4 5 H — R L ZR BRI O BUERADAT S [D]. RRtfs T

FER2EMWI 2440718 3. Zhu Gang. 2012. The numerical study of the
rainstorm occurred in Shandong Province in May 2009 [D]. M. S.
thesis (in Chinese), Nanjing University of Information Science &

Technology.

AcHtide, TR, 2003, 11X B 2 B K R AR DR AR (LR AR B 55 RO

WML R [J]. KB, 27 (6): 1045-1056.

Rucong. 2003. Interannual variation of summer precipitation in the west

Zhu Yanfeng, Yu

of Sichuan Basin and its relationship with large-scale circulation [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 27 (6):

1045-1056, doi:10.3878/j. issn.1006-9895.2003.06.08.



