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Causation Analysis of Severe Torrential Rain Process
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Abstract; The WRF (Advanced Weather Research and Forecasting modeling system) was employed to sim-
ulate the local severe rainstorm process caused by typhoon Haikui over the northwestern of Zhejiang Prov-
ince from 6 to 9 August 2012. The analysis of the simulation result combined with Doppler radar data,
TBB (Temperature of Black Body) data, and automatic weather station data shows that there are several
mesoscale systems embedded in spiral cloud band of the landed typhoon. Mesoscale systems develop, rein-
force and weaken after division from spiral cloud band. It brings the local severe rainstorms over the north-
western of Zhejiang Province due to the direct effect of mesoscale systems. There generates the mesoscale
divergence line which is responsible for the rainstorm by northeasterly flow and northwesterly current un-
der advantageous topography. The topography of the northwestern of Zhejiang Province can increase the
intensity of rainfall but is not so related to typhoon track and range of rainfall.
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Fig. 1 Observed rainfall (a) from 08:00 BT 6 to 08:00 BT 9 August 2012 (shaded, unit:mm) and

typhoon track (solid line), (b) hourly precipitation (unit: mm) at Shiling Station

(Black triangle in Fig. la represents Shiling Station)
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Fig. 8 (a) Observed (shaded, uint; mm) and simulated precipitation (contour, uint; mm) by no terrain
experiment from 08:00 BT 8 to 08:00 BT 9 August 2012, (b) the difference of precipition from
08:00 BT 8 to 08:00 BT 9 August 2012 between no terrain experiment and control experiment

(Box is the range of terrain cut in no terrain experiment)
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Fig. 9 Vertical section of divergence (shaded, uint;10

> s ') and vertical velocity (contour, uint; Pa+ s ')

along line CD in Fig. 7a at the (a,c) 28th integral hour. (b,d) 29th integral hour;

(a,b) control experiment, (c,d) no terrain experiment

(Black triangle represents Shiling Station)

10a 2R 28 h i E K 7Tah ABEL(RI &
JRURU T 58 A DX 1 5 BE 37 (B8 R SE A7 3500 T 19 XL
Y a (FHE  EERN R ESE —X
A} 1) ) 2R b XU B . 200 0 R A HE 800
hPa, P XGHZE 30 m» s ' B, FEEWEUE
PUER A o0 3 Jo HOR T 08 1Ly DR300 R3S f 3T e T 1R
HOMEEE] T —1X10 ° s LA b, 1 76 35 KUk 9 58

Mot U BT SRR AL, B KUFE A P B R 2
Ja AR B TR TR SE TR BLAR . A I A 30 XU R
WG A8 & AR T BT s gl MR T KUE A
B SR T T DL X T O OR 2 W A 4K

Xk 5P R 2R A — B FRE IR E Y
B 1ob g L g Y R R 48 AR GE T
DRI - DA T ) T B R 00 (R0 R A i



742 A

% 5540 %

PO A — P AL XU SO0 O i BT 2
T, o R T 24 me s ARRZPH LB
AR TAERES .

Lh 25 30 KU b RO R 58 T ik ead 1 i
U ARG 2 A s 2 R O AR Y 3l g b T BC R
PRAE T A0 Ve AN (B 10c) T AR b XU 20U A TH 52 2 5
M B2 37 (&L 10d) b AT AR 5 W] 2 7 31 G ik i 12 o
O B R B A I T AT R — A IR B i
O B R A AR T R BN P R RS
T 38 B T 2 J5 23 T o 3+ (E-t 2 F) s HG A= i ot

A5 68 L A A B T e A T O i DX XoF R )
i 11

il X 5 Kz S TR A5 R G 0 AT T LA B
FEAPZ @M. — L RARIEW. 75— I 2
UL WIS 2R AR AR Z AR 18 Y B B A SR T i
M REERSG . 72RO R HES T o RUE R G A Wr
A i T L DX 0 Ly X R R TR L
o 7 3 Sl R K S A AR . Pt PR
JE 2R G Je 3 A U R K B 2 TR AR L T T U
KT T U [ KPR 58 JEE

i il =_orroots Z A SETEIIC
0 100 200 0 100 200

A BHE/km B A PR /km B

TR BT T X

Fig. 10  Vertical cross-sections along line AB in Fig. 7a of (a,c) wind speed paralleled with the cross section

(contour, unit: m * s ') and divergence (shaded, unit: 10 °s ') ;(b.d) wind speed perpendicular

(3) & XA B ZR AL G PG I8 XU Dl 79 U 73
2L W M RO 8 & 2k o RO R & 2k g

4008 27 o TN S
500p AT
€ 600 &
rs 6
R 700
800 & .- 488
900 L 288028
: e 1
10000 100 200 0 100 200
A P B /km B A PH B /km B
B 10 WE 7a v ABLINZS 450 (a, OB S G 167107 s~ D FNEAT T #1119 W3 45 7
(R 3 .m» s~ ), (b, ) IR E I G, B4 . 10
CGFHZ AL m « 57 1), (an D) FIPEE 28 /N Cen DFRIFER 29 /N
CRE=MIBRRTIE)
to the cross section (contour, unit; m * s ') and vorticity (shaded, unit; 10 °s ') ;
(a,b) at the 28th integral hour; (c,d) at the 29th integral hour
(Vectors are the wind circulation. Black triangle represents Shiling Station)
___b N
4 ém I/B

G X5 DL B RG] 56 2 AR 9T V08 Bl AR A HL
% N BT 5 3 S 1B A W VLV b Ll DX A Y 22 kA
WP IE LR T EE T . A SCE X 5K
2 P9 ol i K o R R B 5 XU R R R R S
Hr AR B 2598

(D bl & KN E A Z A b RE = I AE 5l
AW A5 IR 0 2R AE s I A — A TIN5
JEE 2 1 T A A AR T AR R AE R R 2 Y
PERIT 20 45 5 0 1 — IR L — K B K G 7

(2) & MU AR AR R XL 9 R 2 B RURT
LR HESY I1 R R W HE B T b RO R A W &
J EE TR Sl . T BT PG AL A DRSS W i g
T R R G E L G i RS R G2 5 i 5 KU 2%
R A R P o e A K R B k| e T L T
iz B 2 5 KB T B B A6 2 2 A

05 5 RUBE ZR 58+ AR R SR B 7K DX 0t BE A 9 7 o
ROBE S 5 AR AT DX 3k o RUBE A 3 e 0 22 A+ 20
HEAEH .

(4) WL PE LR I X I8 %) F 5 X2 T A 4
i A ) 5 e 5 T 0 gl ok A S L B T A e
HTE 300 7547 X T B AR BRI B AN K

S % Uk

MR AR TR 3E. 2000, mkas & 5 & MR A T M b ROEE & W
ARG AR M 11(3) :271-281.

BRIK AR T —I0. 1979, PHARCF 7 & WIS, JU AT Bh2# R AL

NS R F L E /N S 2011, & RV E BE B R BT R B
KGR, 27(1) 1 264-270.,

TIASE TR DL ] 423, 45, 2001, AR 4 ) %8 MR 5w R B A R
OB B M50 O AR F R 17(2)  144-152,

FhECRL L BT LS A L 45 2011, 598 K A KR AR R A LA
FH X — WK B T R A B . < 52, 37(7) - 847-856.



5 6 3]

S . & Xt 3%

1 WP 11 X % TR A A R 743

2R U L AR 2009, 3T X 8 5k £ KB 0 A K S TR 1 40 4 4%
Hr. K% .35(9) :3-10.
BB AR, B . 2007, & XU Rananim 5 i 19 ) 3t 8 X 3L B
K VGG F 52 0 (4 B SRR 5. KRR, 31(2) £ 233-244,
Z5E P Uy . 2008, HUJE X B Bl G XU 2 5 (2005) 52 0 1 50 {8 AL 100
5. K4 . 34(6) :60-66.

BB A R T AR BRI L 55, 2013, & XU DU 112 W 52 R 04 25 55 3 % H
BT, K5 39(4) :428-435,

A2 PYOBE, PR, B S, 4 2007, B RGBT R E RS
FHE. K% .33(8) :17-23.

VLR 5RO AR 4. 2005, FA4F X2 Fitow (0114) & /i 19
JRUOBERRAE B R H 4307 . ity g2 3. 21(1) £ 24-32.

ASHE, RIBE L ERAL T L 2. 2010, B il 2 XU Rananim (0414) 31 3% 4 H
ROBESR A R MTE R R T 5E. R4 %4 . 68(5) :640-651.

R FRHTIL B I, 45 2000, 9608 5 & KUK H A1 [ 5% 7 A R
MR AR . PR . 16(4) :316-326.

MRBE X Xy, 2007, & R e T o R B A 4 i, K5, 33
(2):22-28.

XU BRI, 822 22, B N7 2008, & R P51 K b1 2 W9 K XU R A 2R
B, K% .34(12) : 72-80.

X2 W)L 2R LKA e L A 2011 I AR R B K T B R T A9 & XU AE
M. K% .37(9):1091-1099.

T ARREAE MR AL 2002, 9406 5 & X5 4 R S A HAE
B A ROBE R AE. 424 60(1) : 31-38.

VAL LSRRI B AL 2006, “96087 5 & KB B AL 131 & AL 7 ok
ZM Y ROEEXT IR RN, AR 24, 64(1) :58-71.

TN L R A B, A FE T AL 2009, — R IEFE B & KR T AT, K
%,35(5) :34-41.

TAA B . 2011, P X5 8 Bl S KR A 1 2 T 3 R 32 I8 B L
BEBL. KRR =24 . 34(6) :662-671.

FWETF AR 2007, HLTE X 0604 5" 55 R 7 " %% Bili & XU 2% W19 52
Wi, 5 R K .26(2) . 97-102.

B0 AR Fu B 2009, BBl A KUER R A — Y HP R B X O o R
AR %273 .20(3) - 267-275.

WoCE R AR TN 4. 2010, B il B XU H R S0 O 2R 40 O
AR B A IR AL IR S HT . R 253, 68(1) :88-101.

M 2T BN 2007, 3R E W b X 54a & R E KU FEAE 43
Mr. KGR, 27(4) :413-418.

e RS RIE 5 , X35 %5, 2. 2008, LU 7R 45 18 BE B8 B e 2 I AR 5.
KB, 66(2) :236-250.

A A 2R e W SR AR 2011 BN T B XU I B O KU IX R
S, K 4.37(11) :1416-1422,

il bl P ES T L 2R TE L 4. 2008, B L9, 37 KR K BTN Y P RUEE 4 M. i

TR 224 AR L 35(3) £ 336-342.

BT B RS L Tt 2011 5] K AR AR B B 1 TR RUBE X O R
G R AL 5. R AR, 35(5) 1 945-962.

JE B T L I PR L AR ML A 2009, 0505 45 57 B X AR T ECE A
I A BT KRR 5 33(3) £ 489-500.

REEMR  MRER B 47 30, 5. 2000, KA TR B A5 B (55 = 0. b
5B RAL . 507-555.

Anthes R A,Kuo Y R,Benjamin S G,et al. 1982. The evolution of
the mesoscale environment of severe local storms: Preliminary
modeling results. Mon Wea Rev,110(9):1187-1213.

Chen L S,Luo H B,Duan Y H,et al. 2004a. An overview of tropical
cyclone and tropical meteorology research progress. Adv Atmos
Sci, 21(3) :505-514.

Chen L S,Luo Z X. 2004b. A study of the effect of topography on
the merging of vortices. Adv Atmos Sci,21(1) :13-22.

Chen L. S, Luo Z X. 2004c. Interaction of typhoon and mesoscale
vortex. Adv Atmos Sci,21(4).515-528.

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

Grell G A,Devenyi D. 2002. A generalized approach to parameter-
izing convection combining ensemble and data assimilation tech-
niques. Geophys Res Lett,29(14):1693-1697.

Hong S Y,Dudhia J. 2003. Testing of a new non-local boundary lay-
er vertical diffusion scheme in numerical weather prediction ap-
plications, 20th Conference on Weather Analysis and Forecas-
ting/16th Conference on Numerical Weather Prediction, Seat-
tle. WA, USA.

Hong S Y,Dudhia J,Chen S H. 2004. A revised approach to ice mi-
crophysical processes for the bulk parameterization of clouds
and precipitation. Mon Wea Rev,132:103-120.

Hong S Y,Lim J OJ. 2006. The WRF single-moment 6-class micro-
physics scheme (WSM6). ] Korean Meteor Soc.42:129-151.

Mlawer E J, Taubman S J,Brown P D,et al. 1997. Radiative trans-
fer for inhomogeneous atmosphere; RRTM, a validated correla-
ted-k model for the longwave. ] Geophys Res,102(D14) :16663-
16682.

Parrish J R,Burpee R W,Marks J F D,et al. 1982. Rainfall patterns
observed by digitized radar during landfall of Hurricane Frederic
(1979). Mon Wea Rev,110(12):1933-1944.

Schumacher R S,Johnson R H. 2008. Mesoscale processes contribu-
ting to extreme rainfall in a midlatitude warm-season flash

flood. Mon Wea Rev,136:3964-3986.



