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profile radar, as well as infrared cloud images from the Fengyun 2G Satellite (FY-2G), we investigated two local
torrential rain events in coastal Zhejiang Province caused by two typhoons with similar tracks, Soudelor and Dujuan,
2015. Both rain events were generated after the typhoons had weakened to tropical depression or remnants and travelled
far from Zhejiang. It was found that the rain event associated with Soudelor was triggered by long-duration convergence
of a strong low-level southeast jet and a south jet as well as topography. Meridional circulation with persistent water
vapor transfer by summer monsoon provided a favorable background for the long-lasting life cycle of Soudelor and its
precipitation. In contrast, the rain brought about by remnants of Dujuan was produced by a mesoscale inverted trough,
comprised of the east-northeast boundary layer flow out of the cold high in the high latitudes and the east-southeast wind
in the north quadrant of Dujuan. Zonal circulation, weak steering currents under a powerful western pacific subtropical
high, water vapor transport cut off by monsoonal retreat, and vortex entrainment were reasons for the rapid decay of
Dujuan and reduced duration of rain compared with Soudelor. There was no external transfer or convective available
potential energy (CAPE) conversion to kinetic energy for both rain events. Rotational divergent wind effects and energy
transfer between resolvable and unresolvable scale motions, as well as frictional processes in the lower and middle levels,
were main-impact factors in the kinetic energy budgets of these two rain events. As a result, convective forcing and heavy
rain occurred despite the small CAPE of Dujuan. Diabatic heating associated with condensational latent heat released by

local precipitation massively increased the sensible heat energy in the air column, and consequently, potentially promoted

Vol. 43

meso- and micro-scale vortices and an inverted trough. As a result, the rain events were intensified and sustained.

Keywords Typhoon, Local extreme rain, Divergent kinetic energy, Rotational kinetic energy
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Fig. 1

(a) Tracks and (b) intensity of typhoons Soudelor and Dujuan. The dashed line square in (a) represents the time period when Soudelor and

Dujuan was affecting Zhejiang Province. (b) Time evolution of the central sea level pressure of Soudelor and Dujuan from 200 km east to Taiwan; the

dashed line circles and the cross circles stand for Soudelor and Dujuan, respectively, when they had weakened to tropical depressions
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Fig. 2 (a) Accumulative rainfall (gray shades; units: mm) and (b) hourly single-station rainfall (units: mm) from 2000 BT (Beijing time), August 7
to 1400 BT, August 10, 2015 during the affecting period of typhoon Soudelor, white contour lines stand for the total precipitation (=100 mm) of local
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contour lines stand for the total precipitation (=50 mm) of local extraordinary rain from 1800 BT, September 29 to 0800 BT September 30, 2015. The

black arrows in (a, c¢) stand for the location of the stations in (b, d); the black rectangles give the computational areas in Fig. 8 and Fig. 9
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ticks in wind barb represent 4 m s™') during the affecting periods of (a, ¢) typhoon Soudelor and (b, d) typhoon Dujuan: (a) 1400 BT 8 August, 2015;
(b) 0800 BT 29 September, 2015; (c) 2000 BT 9 August, 2015; (d) 0200 BT 30 September, 2015
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Fig. 4 Doppler radar reflectivity (white contours; >30 dBZ) at 0.5°elevation at Wenzhou station and the objective interpolation field of minutely
extreme wind (red wind barb, full ticks in wind barb represent 4 m s™') from AWS (Automatic Weather Station), and 1-km resolution terrain height
(shaded, units: m) during the affecting period of typhoon Soudelor: (a) 1529 BT 9 August, 2015; (b) 1737 BT 9 August, 2015; (c) 2153 BT 9 August,
2015; (d) 0551 BT 10 August, 2015; (e) 0725 BT 10 August, 2015; (f) 0917 BT 10 August, 2015. The purple circles in (a) give surface vortices, and
the black line 4B in (b) denotes the cross line for Fig.7b
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Fig. 5 Doppler radar reflectivity at 0.5° elevation at Ningbo station (white contours; >30 dBZ) and the objective interpolation field of minutely
extreme wind (red wind barb; units: m s™') from AWS with 1-km resolution terrain height (shaded, units: m) during the affecting period of typhoon
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The bold purple lines stand for mesoscale inverted trough, and the black line CD in (b) denotes the cross line for Fig. 7d
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Fig.7 (a) Wind profile from Dongtou station during Soudelor. (b) Reflectivity cross section along line 4B in Fig. 4b at 1737 BT 9 August, 2015. (c)

Wind profile from Cixi station during Dujuan. (d) Reflectivity cross section along line CD in Fig. 5b at 0007 BT September 30, 2015. The charts on

the right side of Fig. 7a and Fig. 7c give the vertical velocity profiles corresponding to the time denoted by the red boxes in the left charts. The red

bold oval in Fig. 7a stands for the low-level jet, and the red bold curve lines in Fig. 7c stand for shear lines

2b T HEFT 7N o TH SRS 1A] D B Kk A2 T 46 i 10 4
NI FE A AR EE A, 4300 9 8 1 8 H 20:00 % 10
H 08:00 LA & 9 A 29 H 08:00 2230 H 08:00.
51 Fheelx

Chen and Wiin-Nielsen (1976) Fi| i #5 = 0 00
TG4 R, AL 5 S BhRE 1% B4R B sh et g
PR R REENIEN, ERe A R EE
WERE Bl Refe i . ARSI I iR FE S AR 37 A 4y
fife AT e AFIEICRE X, 98 F AR A1 e XU e 2 IR )
FEA BN RN S A KRR AT W T . 2
i F A ES RS AR T e L) 45 J2 B R 5 D XU
Z A4t PR Z RN, BEHRAAE10°~10"m s,
TH S5 B Ae S h BRI S SR BRI L (R 1
L.

R SCHR 4 Buechler and Fuelberg (1986) )77
1%, RHMIBIRECZ TR T -
0
aKD:H - VRdA—
ot ot
DKD INTD
[ﬂ —f(vRuD - uRvD)dA + ﬂ —C(vRuD - uRvD)dA +

Af

Az
v,
ap

ok
d4 +
ap

B

[ -] -on,

C

]+

dwk A+
ap

VF

[ -vovpda+ [ vavyaa+| -

GD HFD



N T 43 3%

1408 Chinese Journal of Atmospheric Sciences Vol. 43
ﬂ]%.ﬂm, (Rl “FEB” BiREKIES A8 H20:00E 10 B 08:
00 B E XU AN e M EZ X5 5 R XUa K Fi e 3HR E
DD Table 1 Mean absolute differences between original and
oKR ﬂ aVDdA N reconstructed wind components for lower, middle, and
at oot upper atmosphere during local heavy rain event caused
DKR INTR by Soudelor from 2000 BT 8 August to 0800 BT 10
August, 2015
JI 7f(VR”D - ”RVD)dA +ﬂ - g(VRuD - ”RVD)dA + - -
I 5 UG K7 (R 4% 5 2 /m s
Af Az u v by
ks vy {9z 142107 3.13x10*  6.74x10°
ﬂ _wapdAJrﬂ ~ Ve ap dd |+ (700 hPa L4 F)
B C )z 9.77x10° 3.79x10 1.62x107
(700~400 hPa)
ﬂ = Ve -Vgdd + ﬂ V-kVydd +JI Vi Fd4,  (2) B2 7.70x10° 2.45%10* 1.89x10
(400 hPa ) 1)

GR HFR DR
He, V=V, +V,, Vo NI, V, AEUER,
U~ Vps Ups vy 73 IR M ANEREOR 7 &5 k=
by + ko Vi Voo ke =12(V - Vi)s ky = 12(V, -
VD): SRR R T35 CONMEANIRE; o N EE
FEs Vo NALBEEEE; FNEEHE S A NiH5 X 1%
HIAH
EEALKR T RSB S BRI N

KR = [[kedd, (3
KD = [[kydd, o))
ﬂM:gLMM@@, (5)

Hrp, g NEIIMERE, p NRE. KL AR
TR (K A5 A
K=KR+KD+HKVKAL (6

A (D Q) 435 %R BUR e i 3l Re i L
TR, Az (1) M DKD 55 Al DKR 35 53 5 A
R R R EE BhRE I S AR T AC (D A1
HESH RN RIS, oMk, R
KR FI KD 2 [f] ] Ge &2 ;. GD il GR TN 3l g il
I, AREA R BES KD KR 8] [ g B i 4
HFD T A HFR T3 53 77 2% 7~ EH 8 H0ORUR i 2 R A
(S B BEK T B B B ;s VF TN B 30 1) 36 B8
EHUE, % DKD IiA #01; DD LAl DR TN #E
BRI, EHEE P AR SR A RIS Bl 2 IRl e B
il ;s INTD JURT INTR 5043 5 jig 5% XU KD
AR HOART KR & s m i, 5240 (60 Hm
Ve Vo R

F2 MBS BiusEREKIZEI A 29 H 14:00 =30 H 08:
00 # B RFNHERE KB B 32 RUF 5 R RUIF R F A L3R ZE
Table 2 Mean absolute differences between original and
reconstructed wind components for lower, middle, and
upper atmosphere during local heavy rain event caused
by Dujuan from 1400 BT September 29 to 0800 BT
September 30, 2015

HE NI 5 IR0 I )T I R 22 /m 57!

u v Nl%
=S 1.84x10 6.07x107 1.35%10
(700 hPa LA )
2 2.02x10* 2.14x10* 2.36x10*
(700~400 hPa)
== 1.07x10* 2.15%10* 1.32x10°5

(400 hPa A 1)

WRPE A (D) A () HHEEBIRE B e i
AL L S R Bon, “Op il R s B KO AR
Hi, INTD T AT INTR T & e KB REVR, 23R
TTHA > 5 0.72 W m2 F10.88 W m?, 82 Jie #4 )X
JEE PR FE B 315 DR T =15 -3.96 W m2, & i %
M Bhaeil s INTD Bl & Z K AP ZE (044 W
m?), INTRBEHHIAEMKE (048 Wm?), {K
J A = 2 i ) i B XU BE R AR (DR B2
1.8 Wm™), I /ZX s e m RN (& 8 /&
D)o “HkLES” JR HhuR BE KRR R B BE R E N
8.02 T m?, ZMEEISEL “I5ili B Bhfg s & 28.75
ImPE 5132, SRR % 12 3 1) HE & 5 # 0
DD (0.54 Wm™ FINTD I (0.45W m™) &
FER SRR, BE X B AE B0 DR SN 3 BRI



WEENIASE: PANHI LIS A5 G IRk A i R Hb AR DK 5 R [ B2 DR L 1 R e A Skt L 43 #r

6
No. 6 PAN Jinsong et al. Comparative Analyses of Mechanisms and Energy Budgets of Local Extreme Rainfall Events ... 1409
1000~10hPa 1000~10hPa
@ | a (b) | A
K 2875 K 8.02
DK -3.75 DK -0.51
0.001 0.001 0 0
GD GR GD GR
VF 0= 12.45 -0.001  |10.21 VF 0—] 4.03 0 2.60
— 0 HFR —
HFD0— KD [CrorR | KR [° HFD0— KD [CroRR | KR [ OHFR
018 = 090 N /1308 ™~ 306 054 =] 098 N A 994 ™~ 0.8
DD DKD | 0.72 0.88 | DKR DR DD DKD | 0.45 0.04 | DKR DR
INTD INTR INTD INTR
VRVD  6.09 VRVD 1.39
DVRVD -1.56 DVRVD -0.55
(C) low level below 700hPa (d) low level below 700hPa
A K 925 A K 338
DK -1.06 DK -0.26
0 0.001 0 0
GD GR GD GR
VF 0= 3.28 0 479 VF 0= 1.30 0 1.57
HFD 0— KD [TCKKDKR) | KR == 0:HRR HFD0—] KD [TCKKDKR) | KR =0 HFR
DD DKD |-0.01 0.48 | DKR DR DD DKD | 0.08 0.05 | DKR DR
INTD INTR INTD INTR
VRVD 1.18 VRVD 0.50
DVRVD -0.45 DVRVD -0.16
(e) middle level 700~400hPa (f) middle level 700~400hPa
B K 12.87 . K 287
DK -2.08 DK -0.35
0 0 0 0
GD GR GD GR
VF 0—] 5.64 0 3.77 VF 0= 1.72 0 0.61
HFD 0= KD |TC(KD,KR) | KR =—OilER HFD o= KD | C(KD,KR) | KR — 0 HFR
02077 015 N\ /] 157 [~ 183 0.01 =] 0383 N /] 030 IS 0.31
DD DKD | 044 0.26 | DKR DR DD DKD | 0.32 0.01 | DKR DR
INTD INTR INTD INTR
VRVD  3.50 VRVD 0.55
DVRVD -0.66 DVRVD -0.38
(g) upper level above 400hPa (h) upper level above 400hPa
A K 460 A K 1.33
DK -0.32 DK 0.12
0 0 0 0
GD GR GD GR
VF 0—] 2.62 0 0.95 VF 0= 0.75 0 0.31
HFD 0= KD | C(KD,KR) | KR — 0 HFR HFD 0= KD | C(KD,KR) | KR —OHFR
DD DKD | 0.24 0.08 | DKR DR DD DKD | 0.01 -0.01 | DKR DR
INTD INTR INTD INTR
VRVD 1.02 VRVD 0.27
DVRVD -0.34 DVRVD 0.02
K8  “Ipdi®” (g M CRLRS” CHFD SRR HsE KRR F ARGl (av b) B 1000~10 hPa; (c. d) 700 hPa BL FILZ

(f) 700~400 hPa ' /=; (h) 400 hPa bl L2, K (FAAEBhEE) . KD CGE#EIEE) . KR Ciefkahie) . VRVD i HUR R RS KU A
FHAERIZRE MRAN ) m?, e S RAL W m?; TR E 2a Fb s

Fig. 8 Mean budgets of divergent and rotational kinetic energy integrated (a, b) from 1000 to 10 hPa, (c, d) from 1000 to 700 hPa, (e, f) from 700 to
400 hPa, (g, h) from 400 to 10 hPa over the computational and temporal domains of Soudelor (left column) and Dujuan (right column) local heavy
rain events. K (kinetic energy), KD (divergent kinetic energy), KR (rotational kinetic energy), VRVD (kinetic energy produced by the interaction

between divergent wind and rotational wind) are in J m™, while others are in W m™. The computational area can be seen in Fig. 2a and Fig. 2b
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Fig. 9 Time evolution of sensible heat energy (left column) and latent heat energy (right column) during (a, b) Soudelor and (c, d) Dujuan local

torrential rain events. The computational area and levels of heat energy are the same as in Fig. 8



6 1 WEENIAGE: A AR AT & R AR I R M AR DK 2 R 1 J3 R BT 1 0 e e WAL SORT L 43 #
No. 6 PAN Jinsong et al. Comparative Analyses of Mechanisms and Energy Budgets of Local Extreme Rainfall Events ... 1411

A b T 200 AT PR /) R Vi TE B 08 75 21 38— 25 IO IR
K&, XN R K B AN 4 RS A R4 O
B34, 1995; 5KIFEE, 2006).

6 it

A2 F) B ERA-Interim 0.5° X 0.5° F 43 #71 % K}
H sl /N Ry BN E R FY-2G 44 =, £
U 850y B TS R X 88 R kR T T S A v FE AR
5 i A R D55 A AR 2 R AR S AT AR T T
L IX 5] R JR Hh o FRK ) <o B 7 Fn “ALEg”
G XTI AT, AR

(D “FRilZ” TR AT, AR 55
fagfadt by ZERUR A SRR KR ik, Al
BRI ER WG Ak, BFKE
Ko “FLEY” FARFRF, EmEEET S5
WS, AR T NS B2 X RUE AR E K
b, ZKIRE&MEZE, & REREfE RIS, 5200
AN FREEI AV . BRREKED

(2) “Fid B " Bk JE N ) w5 X IR 55 N
PO R (IR JRAEWTVLVR I 51 & 1 R o K
F2 B2 58 7R B R i B 20 K ) TR0 A5 B 1 3
TEMLAR I o “FERS” 8Bl A A2 5 10 I 55 A s A1
B AR = F2 5 ABLEE N B B0 X 5 ARV LT i
FEAE SR R B K, 2E R e A b T e RS
RARISMME RS “FERS” JbRBR AR 2 7R 7 XL
AT R F0 R ik % 3 R

(3) WA & KUK RIS TE A1 BB 50 e izt ANk
HA AL RERI B Re e e, R EZZ P K)Z
R IR IR IS Bl e R HIRE IR 37 DA R T 44 i B8
PRI . X2 “FEAS” SHRA R B B ME AT
R H ISR AR R K B SRR o K R R
G TGS R L AR LS RO A A Sk B
MR AR R, ERIKE AR, B AR
PRI A, b {5 R RN RO SR e — P IR K
J&, WA B 7K A 81 48 s AT 4

SEZ 3k (References)

Buechler D E, Fuelberg H E. 1986. Budgets of divergent and rotational
kinetic energy during two periods of intense convection [J]. Mon.
Wea. Rev., 114(1): 95-114. doi: 10.1175/1520-0493(1986)114<0095:
BODARK>2.0.CO;2

WRIETT . 2008. FHALEG X “Z8 A7 A “ 5387 (BB BLUATNS L 73
Br [0]. K% B, 36(3): 262-267.  Chen Lifang. 2008. Numerical

simulation and comparative analysis of typhoons Talim and Saomei
[J]. Meteorological Science and Technology (in Chinese), 36(3):
262-267. doi:10.3969/j.issn.1671-6345.2008.03.002

Chen T C, Wiin-Nielsen A C. 1976. On the kinetic energy of the
divergent and nondivergent flow in the atmosphere [J]. Tellus, 28(6):
486-498. doi:10.3402/tellusa.v28i6.11317

BRICE, T 1. 1979, PR & KIS [M]. JEat: B2 i,
491pp. Chen Lianshou, Ding Yihui. 1979. Introduction to Western
Pacific Typhoons (in Chinese) [M]. Beijing: Science Press, 491pp.

FRIE S, BRIKAF, IHE, 25, 2007. 1960~~2003 4F- K [F #f S i b K 1
25 40 A R AE [J]. B2 A TR % fit, 18(4): 427-434.  Cheng
Zhengquan, Chen Lianshou, Liu Yan, et al. 2007. The spatial and
temporal characteristics of tropical cyclone-induced rainfall in China
during 1960-2003 [J]. Journal of Applied Meteorological Science (in
Chinese), 18(4): 427-434. doi:10.3969/j.issn.1001-7313.2007.04.002

FANES, T E R, B 5201, 552007, B 01857 MUHIRIE G KW
HEFFHLELIT I [J]. P AR5 R (F 2 BHE), 43(6): 621-632. Du
Xiaoling, Yu Zifeng, Lu Chongming, et al. 2007. A research on the
mechanism for the Shanghai heavy rainfall event on 5-6 August
2001 caused by a tropical depression [J]. Journal of Nanjing
University (Natural Sciences) (in Chinese), 43(6): 621-632. doi: 10.
3321/j.issn:0469-5097.2007.06.007

BT, BRIBEAT . 2005, #Aviy )% “HERE” (0114) HF KR IR 12 Wi it
58 [J]. RAFE, 29(3): 343-353.  Duan Li, Chen Lianshou. 2005.
Diagnostic analysis and numerical study of torrential rain associated
with the tropical storm Fitow (0114) [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 29(3): 343-353. doi: 10.3878/j.
issn.1006-9895.2005.03.02

S L, ARV, AR L 2005, Bty e SR ASAL BT FCBERE [1]. R
224, 63(5): 636-645. Duan Yihong, Yu Hui, Wu Rongsheng.
2005. Review of the research in the intensity change of tropical
cyclone [J]. Acta Meteor. Sinica (in Chinese), 63(5): 636-645. doi:
10.11676/qxxb2005.062

Fuelberg H E, Scoggins J R. 1978. Kinetic energy budgets during the
life cycle of intense convective activity [J]. Mon. Wea. Rev., 106(5):
637-653. doi: 10.1175/1520-0493(1978)106<0637: KEBDTL>2.0.
CO;2

Fuelberg H E, Jedlovec G J. 1982. A subsynoptic-scale kinetic energy
analysis of the Red River Valley tornado outbreak (AVE-SESAME 1)
[J]. Mon. Wea. Rev., 110(12): 2005-2024. doi: 10.1175/1520-0493
(1982)110<2005:ASSKEA>2.0.CO;2

Gao S Z, Meng Z 'Y, Zhang F Q, et al. 2009. Observational analysis of
heavy rainfall mechanisms associated with severe tropical storm
Bilis (2006) after its landfall [J]. Mon. Wea. Rev., 137(6): 1881~
1897, doi:10.1175/2008MWR2669.1

ERREDR, R SC, BUEER . 2007, F [ B KRR R R ST TR B A
M [J]. K% B2, 27(1): 35-41.  Han Guirong, Tang Xiaowen, Wei
Jiansu. 2007. The extratropical transition analyses on two landfall
typhoons [J]. Journal of the Meteorological Sciences (in Chinese), 27
(1): 35-41, doi:10.3969/j.issn.1009-0827.2007.01.005

Wik, 2595, B4 . 2013, & X\ Nari (0116) % ki & 753k i v 45 g it



KA B

1412 Chinese Journal of Atmospheric Sciences

¥ 43 %
Vol. 43

AL L W4 M [9]. KR, 37(1): 81-90.  Hu Shu, Li Ying,
Wei Na. 2013. Diagnostic analysis on Nari (0116) structure and
intensity changes during its landfall process on Taiwan Island [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 37(1): 81—
90. doi:10.3878/j.i3sn.1006-9895.2012.11115

B, F5E, TLURVE . 2010, AR LL” A1 PR BRI AHILG KUk
FUXT LG AT [ W TR, 27(1): 49-52.  Huang Ying, Guo Liang,
Jiang Yuanyuan. 2010. Comparative analysis of heavy rains due to
analogous typhoons “Hagupit” and “Sally” [J]. Marine
Forecasts (in Chinese), 27(1): 49-52. doi: 10.3969/j.issn. 1003-0239.
2010.01.009

FeE T, AT, I, 451995, — Uk RUEZ R A e i YRS ik 23
Br 1. A %, 21(4): 11-15.  Jiang Ruibin, Zhu Ping, Wang
Bangzhong, et al. 1995. Analyses of turbulent characteristics during
the process of a mesoscale system [J]. Meteorological Monthly (in
Chinese), 21(4): 11-15. doi:10.7519/j.issn.1000-0526.1995.04.003

ZHur, TEWM, sKYEE, 452003, & REIEP B i REEARH S AF K
ST B R[], SRR, 61(3): 312-322. Jiang Yonggiang,
Wang Changyu, Zhang Weiheng, et al. 2003. Numerical simulation
of extremely heavy rain and meso- 3 scale low vortex in inverted
typhoon trough [J]. Acta Meteor. Sinica (in Chinese), 61(3): 312—
322. doi:10.11676/qxxb2003.030

AL, R, B /Nig L 2008, AR & X Winnie (9711) PR 8 4=
P4 [0, KAEFE, 32(3): 629-639.  Li Ying, Chen Lianshou, Lei
Xiaotu. 2008. Frontogenesis in the circulation of typhoon Winnie
(1997) during its extratropical transition process [J]. Chinese Journal
of Atmospheric Sciences (in Chinese), 32(3): 629-639. doi: 10.3878/
j.1ssn.1006-9895.2008.03.18

ZELITN, FEIESR . 2017, 2014 SR 95 ORI BR A2 5200 25 1 B OB /K 22 37
R o HE 0] R %, 43(11): 1339-1353.  Liang Hongli, Cheng
Zhengquan. 2017. Cause analysis of precipitation difference between
two typhoons influencing Yunnan along similar tracks in 2014 [J].
Meteorological Monthly (in Chinese), 43(11): 1339-1353. doi: 10.
7519/j.issn.1000-0526.2017.11.003

T AL SRR, 552015, S AR R AN £ X Meari Al Muifa
T WO U AR AE (6 B AT (0] KRR, 39(6): 1215-1224.
Liang Jun, Li Ying, Zhang Shengjun, et al. 2015. Comparison of
synoptic circulations of heavy rain associated with typhoons Meari
and Muifa over Liaodong Peninsula [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 39(6): 1215-1224. doi:10.3878/j.

Robertson F R, Smith P J. 1980. The kinetic energy budgets of two

severe storm producing extratropical cyclones [J]. Mon. Wea. Rev.,
108(2): 127-143. doi: 10.1175/1520-0493(1980)108<0127: TKEBOT
>2.0.CO;2

FhVEEAHE, FEBREK, B ME . 2006. “9608” 5 & K CEFEIL B 5| &AL T

RO 2 TR ROBE R IR R BRI S (], LR AE R, 64(1): 57T
Sun Jianhua, Qi Linlin, Zhao Sixiong. 2006. A study on mesoscale
convective systems of the severe heavy rainfall in North China by
“9608” typhoon [J]. Acta Meteor. Sinica (in Chinese), 64(1): 57-
71. doi:10.3321/j.issn:0577-6619.2006.01.006

FKIRF, 2R, M, 22006, — AL T B A E W (9406) BE B ARFIE 4

Br [J1. KA B2, 30(4): 645-659.  Zhang Suping, Li Chun, Bai
Yan, et al. 2006. Energy analysis on a heavy storm case in North
China caused by typhoon No. 9406 [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 30(4): 645-659. doi: 10.3878/j.
issn.1006-9895.2006.04.10

TS, VFoz e, XIBRIE . 2009, AR “weRE” S AR R

GURH AR F R0 — YRR 2 B (7], Bl AR, 25
(S1): 29-38. Zhang Xiaohui, Xu Aihua, Liu Xiaohui. 2009. A
diagnostic case study on the interaction between mid-latitude trough
and tropical depression “Neoguri” [J]. Journal of Tropical
Meteorology (in Chinese), 25(S1): 29-38. doi: 10.3969/j.issn. 1004-
4965.2009.21.004

TkER I, T, 5. 2010, PSR AR A AL B XU Y O AR R AR AL 23

B [J. i A% 2 i), 26(4): 392-400.  Zhang Jianhai, Yu
Zhongkai, He Yong. 2010. Analysis of a simulation of heavy rainfall
associated with two typhoons with similar routes [J]. Journal of
Tropical Meteorology (in Chinese), 26(4): 392-400. doi: 10.3969/].
issn.1004-4965.2010.04.002

AR, RN, ERIE . 2008, 1 E KUK EE 51 R HL AR = RR

WA 0], % ¥, 66(3): 423-436.  Zhao Yu, Cui Xiaopeng,
Wang Jianguo. 2008. A study on a heavy rainfall event triggered by
inverted typhoon trough in Shandong Province [J]. Acta Meteor.
Sinica (in Chinese), 66(3): 423-436. doi:10.11676/qxxb2008.039

JARCTH, FE R, EARIE, 55.2009. 05055 “iFH” 6 MM EE

ARG AN 34T [7]. KSR, 33(3): 489-500.  Zhou Lingli, Zhai
Guoqing, Wang Dongfa, et al. 2009. Numerical simulation and
analysis of typhoon Haitang (0505) heavy rainfall [J]. Chinese
Journal of Atmospheric Sciences (in Chinese), 33(3): 489-500. doi:
10.3878/j.issn.1006-9895.2009.03.07

issn.1006-9895.1503.14191
PanJ S, Teng D G, Zhang F Q, et al. 2018. Dynamics of local extreme

JHESTN, B E PR, TARE, 55.2011. 0713 % “FHiH” G ENHFR
JEE BB B 50 AN AE X B 45 0 4 Bt [7]. R AUREE, 35(6): 1046
rainfall of super typhoon Soudelor (2015) in East China [J]. Science 1056.  Zhou Lingli, Zhai Guoqing, Wang Donghai, et al. 2011.
China Earth Sciences, 61(5): 572-594. doi: 10.1007/511430-017-
9135-6 structure of 0713 typhoon Wipha [J]. Chinese Journal of

FrHkEk, XS . 2004, — GG R 51 R i RE K R W I R A R Atmospheric Sciences (in Chinese), 35(6): 1046-1056. doi:10.3878/j.
FE R G o 1 [T KA A2, 28(2): 254-268. Qi Linlin, Zhao issn.1006-9895.2011.06.05

Mesoscale numerical study of the rainstorm and asymmetric

Sixiong. 2004. An analysis of mesoscale features of heavy rainfall in Zhou L L, Du H L, Zhai G Q, et al. 2013. Numerical simulation of the
Shanghai on 5-6 August 2001 [J]. Chinese Journal of Atmospheric
Sciences (in Chinese), 28(2): 254-268. doi:10.3878/j.issn.1006-9895.
2004.02.08

sudden rainstorm associated with the remnants of typhoon Meranti
(2010) [J]. Adv. Atmos. Sci., 30(5): 1353-1372. doi:10.1007/s00376-
012-2127-3



