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Abstract Torrential rainfall often occurs at the coast of South China, with background of frontal rain band over

northern South China or the Yangtze River basin, but it is difficult to forecast. Based on multiple observation data and
ERA-Interim 0.125° X 0.125° interval 6 h reanalysis data, we researched coastal torrential rainfall event from 15 June to
16 June 2017. We contrasted the precipitation characteristics and ambient atmospheric conditions between frontal rain
band and coastal rainfall, and analyzed convection initiation and maintenance mechanisms for the latter. Finally, dynamic
effect of the convection maintenance was proposed. The results are as follows. (1) There was considerable discrepancy
between frontal rainfall and coastal rainfall. The former is presented as stratification cloud rainfall and weak convective
rainfall caused by synoptic scale system (cold front), and its intensity is heavier to the west than that to the east. The latter
characterized with convective, local, concentrated, and long-lived, which occurred at midnight. (2) Horizontal water
vapor advection and vertical water vapor transport within boundary layer accounted for discrepancy between frontal
rainfall and coastal rainfall. Owing to convective instability in middle and low troposphere associated with warm and
moisture transport, rain rate over coastal South China is notably higher than those under the east of frontal rain band. (3)
Lateral friction and direct block from the Lianhua Mountains and the Emei Hills caused vertical vorticity develop in river
valley Luohe, ultimately triggering updrafts and convection initiation. Horizontal vorticity developed with strengthening
of vertical wind shear, while southwesterly jet in boundary layer enhanced at midnight, and horizontal vorticity then
partly converted into vertical vorticity, overlying the vertical vorticity originated from lateral friction and direct block.
The process above is responsible for the long duration of coastal rainfall as well as dynamic effect of convection
maintenance. (4) Rainfall sustaining long duration is also associated with the coutinuous releasing of convection latent
heat. Upward vertical velocity caused by thermal buoyancy related to convection latent heat accounted for 39%-75% of

total updraft vertical velocity.

Keywords Frontal rain band, Coastal torrential rain, Rainfall characteristics, Convection trigger, Thermal dynamic
mechanisms
1 3= 2009; Zhang et al., 2011), k45 i BB HUE &

P4 7 b 35 B R VLI S8 A DR R BE 5 T R i 7
B, AR VR IR L R PR AR i 0
MAPEREIK, FREEm K. 24 h RREKERIA
300 mm DA b, XA G AT IR G K £ K.
e S F Gl % o & K Tk (Quantitative
Precipitation Forecast, f&i#X QPF) &I, Kk 3
KA T Ly (European Centre for Medium-Range
Weather Forecasts, f&jF8 ECMWEF). 3¢ [H [E KI5
U T

Prediction,

(National Centers for Environmental
fil # NCEP) « H &< R JT Japan
Meteorological Agency, & IMA) ZEHLFI 2L
BRI E 1 5 R G TR LS R AU Tl A 5 #B AH
MM, F[E GRAPES Meso. SMS WARMS (f
AR X3 23 HE AR ) A5 e ROBE B0 B =) it 3
RAMELE N, AR R R, A D)
LRI 58 B2 /K R AR R AL BETT e 73 #

T DX i A 3 £ S A 2 SR B-
MCS ¥ % 1) 7 RO ST & B (Akiyama, 1984,
Chen, 1992; T 7IR%E, 20015 540 i Akt

[ IE R BHE AR TR R didy, IF HEtdig
MR G ER I R AR R XA R S 2
WS hnes (EsFEFANEGE, 1984, 2
FEAERR S VE W B EHLE] (ERLME LR,
1996; FhEEFREHE, 2000, 2002; FEFERMZE
FEME, 2002). F{EBISE SRR, Rt
MR, 2 HIUTRAL T, sREmESH L
EAMERR LG, U B T 78 AR CE XTI R
e P ETE (B EHES, 2008; MEE
2, 2017 BHELE, 2018). FEEZ KM AN E S
IR — X R R KR kB IE, SRR
X7 A 0t v B W ) 3 R AR AE (BRI
S, 2011, fH/mHLZEM 8= 45t REEIR B 2%
MR REREY), KBS ITRE . FFEKIR
ik KA E R RN, A KRR R AR
ek RESSRARRNHLALE S KBRS,
AT 5] B4 7K V% X A58 2 (Wandishin et al., 2008,
2010; Zhao etal., 2013; FhEEAESE, 2014). FHA
BIF TN N 58 () J2 T B R T) A8 A2 il e X T 4
H1 2 73 HL #ll (Weisman and Klemp, 1982, 1984;




6 1 BT 20174 6 J — U HE R IR I P K SRR PR RS I B B T LT T
No. 6 ZENG Zhilin et al. Convective Characteristics and Thermal Dynamic Mechanisms for Coastal Torrential Rainfall ... 1297

Weisman and Rotunno, 2000), {H 5 K& ¥ & I,
TR AT VRO I AT R 5 Z ) T LX) AR A S ok 4
FE, Qg DO B R ) 2= A7 55 3 BT 38 %A
TAFEREBCC I A 4EHE e (PMNARFA, 2014), X
Tl 73 B i) 5 22 A T 1A v R AR
(Luo and Chen, 2015; Wu and Luo, 2016), JEAL
WS ARk PRV IR . BT TR A I LA
Rt o Hra R LW, S TR A 5 R
P 2 X 5 ) AR B DA S il 1 5 R4 22
A% YIX A& (Chen et al., 2014; K7k Ja%k,
2015) . KT MR VR SR B Y IO BOR PERME, K&
AL = 52 5 FOE AN D9 BRI 22 2R H AR AL Ak
(Jiang etal., 2017), *EREFELFZRIE (\)D
7454 (Du et al., 2014; Du and Rotunno, 2018;
Lietal., 2018). il 5t K Ry PRI I 3& B f) 238
¥ 7+ 5k #5% & (Wu and Luo, 2016; Chen et al.,
2018) Aof i R A7 1H2 s A B R TR R o o ) 11 P 4
WA RBE . T TR 5 2% 25 07 SR AR e Vi 2
R, RO WA I 2R B2 v R, 48 m
WILEH KRS =KW, R RE B R R (5=
WEHEEE, 2018), i LAKCME 5L 2 HE UK B %1 1 4 e
SR R SAIIGY, W RE e T 2R i
MY 7] PR PR AR ) 3 22 K] (Pappenberger et al.,
2011; Melhauser and Zhang, 2012; Wu et al.,
2013) . SEE TR ™ 0SS ATV R K B TR 3
RO I, R R LERYE . st
MY 14 B A K Bk ik % (Huang and Luo,
2017,

MR L X R R PR /K ) 2 KX (Chen et al.,
2013), ST AF R HE 1 I8 DX UL P 7K B T L 2L A
o (A ailhsE, 2006; A6, 2004; Meng et
al., 2008; Wangetal., 2014) HUSA /D AR Rk
R B AT Fiatr i B il kL 4ERRALE S DT T
(Rotunno et al., 1988; Menard and Fritsch, 1989;
Weisman, 1992; Ciesielski and Johnson, 2006; Li
etal., 2006; Davis and Lee, 2012) tH K& Hr
AT AT %

BEXTIT AR AR R M i e R A, AR 2R KUK
WA (A Fk SCMREX) JF & T £ 855 (Luo et
al,, 2017), (HXFT-HEmg i 59 R U iR 1 5%
AR R P A R AL VR SRS,
T M A E W I BRI R A A, IR AL
AR EE, W5 ST RBUE AU LRI AT IR .

2017 46 A 15~16 H 7E 4 b &6 1 5 1 W 717 15 3]
EHT, HERARMINERREN IR . A0k
TS TH 5 I I PR K RRE T R b, 85 A
PRIH IS OR B R (0 fih % . 4L R B, DA R
XX AT RN R AR & e #8T1. BJIHLE] il &
FRAR, LRSS TR S 555,

2 MRS

SCECSR A SRR S m L R R
LI AL DL R BRG] A 3 R A il 0 (Buropean
Centre for Medium-Range Weather Forecasting, ]
FRECMWF) #2{tff) ERA-Interim F§ /3 T % kL. H
AL AR RN TR i e RS HRR S
2418 M E K J Bl CEFEAERS . FEAR A —
B 60536 X E Bk, RSP T h, W
A E/ TR DR TN AN S WA 1 7/ S > N L
Sl AU, EEA T BRI gt PSR R
JERREI M MR T ARl Sk TEP
#N IR L BR 25 54 - ERA-Interim £ 75 H7 558}
I 6] 73 $E 30 6 h, A3 A7 HE A€ 0 0.125°X0.125°,
FEATRAREE R, PREAREFMHN
T o

3 EESIEEEEKEFES T

201746 A 15~16 H B [E 5 77 # X 3 K0
B P N R A, T AR . WA e
B YLV ER WIVL R ER AR R LA R AR
WKW RRW, oy KEWNSUF KRN,
WA RE B A R R /K50 B K S5y
M, M24h BRFEKE (Bl 1a) MK FEHE
(E 1b) #BAIRBL, XFEE 850 hPa V)48 2k 4H Bk &R K
KNFERERIM A (LN MOV PEK,
MK REE R, HERMN R FHEE, B
W 2 ARIEAR VUM EER, K2 1500 km, 5
850 hPa 1] 4% 28 1) o7 B L AN B, WA B 7R B
(At FHEE (CH D) A KERX, AF
ZNEWEL (50~100 mm), CH kK HEMN
& (=100 mm) . ER R EKFPORE, A
TG HUT RARIEE Boo) mARE,
RPGK L1330 km, FEWEXEF, HHERE,
A 44 H B 1) 24 h [£KE >300 mm, K



X K B % 43 %
1298 Chinese Journal of Atmospheric Sciences Vol. 43
0| | L 0,
28N (a) 0BS prec:|p [mm] mm 28°N
300
26°N -
250
150 24°N -
100
50 22°N- .
VVVVVVVVV e o 6 o o o o e B e 25 :
20°N -} = - S o o A S T 20°N [
e - D AT g g g g g g g N e 10 ]
A A A S A S S A S S 1
pppppp :’z:././////././///././/.//./ |
18°N | p— t T T ] 1 f 1 f f f f ——1 180N = T T
105°E 108°E 111°E 114°E 117°E 120°E 105°E 108°E 1M1M1°E  MM4°E M7°E 120°E
Bl1 201746 H16 H () 200 (Abxiht, FED 24 h #FEKE GAEM, 47 mm) 508K 850 hPa g, AriExRFAMERH L,

PRIE AT A B, ITRE NS B E Bl s 5 K

Fig.1

(b) 061 10 7> X &Ik B2 & A3 (fiz: dBZ) HFA]
(a) Observed accumulated rainfall (units: mm) from 2000 BT (Beijing time) 15 June to 2000 BT 16 June 2017, and 850 hPa wind at 0800 BT

16 June 2017, labeled letters denote heavy rainfall centers, labeled triangles indicate AWSs (automated weather stations) and information in frames

indicates AWSs numbers and observed accumulated rainfall; (b) radar composite reflectivity mosaic for South China at 0610 BT 16 June 2017
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Fig.3 (a) 850 hPa wind, PWAT (precipitable water; color shaded, units: mm), and integral vapor flux from 1000 hPa to 900 hPa [blue solid lines,
units: kg cm™ s7' (100 hPa)~'] at 0200 BT 16 June 2017, red wind barbs==10.8 m s™', gray shaded areas indicate terrain==1500 m, white solid frame,
dashed frame, and point dotted frame indicate regions B, A, and C, respectively; (bl) cross section along 115.7°E at 0200 BT and (b2) cross section

along 108.2°E at 0800 BT 16 June for relative humidity (shaded, units: %) and stream lines (combine meridional wind with vertical velocity, 25 times

for vertical velocity); the wind, specific humidity (contour lines, units: g kg™'), and pseudo-equivalent potential temperature (shaded, units: K) in cross
sections of region A (26.5°N-28.0°N, 115.5°E-117.5°E) and (d) region B (22.0°N-23.5°N, 114°E-116°E) from 2000 BT 14 June to 2000 BT 16 June

2017, red wind barbs==12.0 m s~
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energy
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Fig.8 Convective latent heat release (red dashed lines, units: °C h™") and vertical velocity (black solid lines, units: m s™") triggered by convective
latent heat release at (a) 0200 BT, (b) 0300 BT, (c) 0400 BT, (d) 0500 BT, (¢) 0600 BT, and (f) 0700 BT 16 June 2017, gray shaded areas represent

terrain elevation, red triangles indicate maximum positions for convective latent heat release and vertical velocity from convective latent heat release,

yellow dots indicate maximum locations for observed hourly rainfall
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