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Abstract: By using conventional observation data. dual polarization radar data. ERAJ5(0.25°>0.25°) reanalysis
data, the weather background. environmental conditions. triggering mechanism of mesoscale convective system.
radar parameter characteristics of the two extreme rainfall processes in Zhejiang on July 16 and 22, 2023 are
compared and analyzed,the result show that: (1) The two processes occurrs in a similar circulation background of
500hPa with westerly trough moving eastward around the Subtropical High, and the typhoon or tropical depression
in the South China Sea or the Western Pacific of east Philippines.Both processes are triggered by the surface
mesoscale convergence line. (2) The background of middle-low and precipition area are different, process 1 (July
16,2023,18:00 to 24:00) occurs in cold shear at 850hPa, the rainfall center is located in Jiaxing on the edge of the
Subtropical High and the rain belt is distributed in a north-south direction, while process 2 (July 22,2023,14:00 to
20:00) occurs in consistent southwest airflow at 850hPa, the rainsfall center is located in Hangzhou on the
northwest edge of the Subtropical High and the rain belt is distributed in an east-west direction. (3) The thermal and
dynamic conditions are different.In process 1, the continuous enhancement of the southeast airflow at 925hPa
enhance the transport of warm and wet advection in the boundary layer of the rainstorm area, and the energy loss
caused by heavy rainfall is timely supplemented, while the cold and warm advection increased synchronously and
vertically at the same time and the atmospheric stratification s highly unstable.In addition,the continuous
enhancement of southeast air flow results in the convergence of wind speed, strong horizontal frontogenesis, and
vertical frontogenesis in the middle and high levels.In process 2,the southwest airflow in the boundary layer is
weak which resulting the weak warm and humid advection transport and layer instability. The energy loss of heavy
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precipitation can not be replenished timely, and the entire layer is mainly dominated by vertical frontogenesis. (4)
The mesoscale convective systems and microphysical characteristics are different, in the early stage, it is formed by
several convective cells after they were born and merged northward into 5 scale heavy precipitation cloud clusters,
while it is jointly caused by the "backward propagation” and "train effect” of mesoscale precipitation clouds in the
later stage, recipitation particles are mainly concentrated small raindrops in process 1.In process 2 it is caused by
the "train effect" of multiple newly formed convective cells, with precipitation mainly consisting of particles with
large diameters and small concentrations in the early stage,and it is caused by the combination and strengthening of
systematic linear convection and locally generated convective cloud clusters, with precipitation mainly consisting
of particles with small diameters and high concentrations in the later stage.
Keywords Extreme rainfall, Frontogenesis, Train effect, Dual polarization par-ameter characteristics
55

e % MR 3R 1) EE R FEMER R —, AAESRBU™ERIRT AT e i sE R E, ARk
7R SERAR AT NRK AN %4, BT HBUMERS, — B DR B M T, )
i e PR A BRI ZE 57, AR MBI A i % RO OS5 RO R G bk SAERFBLA] . /N ROEERFALE
SEAF(EIE 2 5 (Lehmann et al, 2015; Lietal, 2006; Zhang etal, 2013; ZF#525%%, 2018) . iRFREF (2021)
X MR R S PR K AT T BE A B, R = 2R R AR S A A 26 E T, Aom K Umis
55 T MR X PRI ZR ey R (0 B A5 A 58 46 T+ e Al P K ™ AR I B 2R R IR3RSE (2018) 70#fr 1 2017 4F 5
H7 BN R R A R KR R AR REERAE, RIS A% 4% 512 ) 27 22 28087 2 5 AR i o 7 AR 1
FEJFRZ —, [FIN BRI\ DRI E 08 1 XOEAR &, 4R S R & T A S T s TR R X, A A
T EIEa k. EAEAE (2023) 70 107117 L S AR o P KO AR, i H et o RBE D) AR A
A R R ) 22 SR A RO UL R A R B i 2 P K ) EL RO 2R 48, TR SR P K X A o
JRUEE 850hPa iz 1138 42 5 M [T 2k A e b B RUE b T D)2 B AR 5 2 36 R P A A 1 A s gk o

W A e B — A2 3 0 R TR A R R S 8 A B KUl I A #1288 W i % D T R X B KCRE AR
& IR AR AT BRI AT RE . EARKAUREHRE R T, FKREEEE &2,
AN [E) R 93 55 o7 (R U IR S BURF IR B[R] (2545, 2019; Kumijian, 2013; Songetal, 2015; A7ipR%E,
2019) . mEEEFEE (2022) M Z MR 7R S B E R RREERE, KIXURIREILS E
JERER ) 73 A 5 s B K AR EAR VI . WSS (20200 FIFH S U BOSU iR B 32008 T 11 X1 — (bl g A T i
B K SAFBEAT 10 b, KL Ko (ARSI 9 HIWT R 5o 5 1S KRR, Zor (ZE0 O ZHEE T
5 Kop FERITEASN T HU T FY SR AR B TURYE, Rl R RFSEpE KR T, Zor (Kop) FERIFFREEAJE
FR & FEK R GEH BRI 95

WA AL T IR E AR I, R T IR R A 2= XUk, b b X D08 3, TS i
WERE, BN TR R RS R Ib RN A =R 08 TURATR (BN, WX
VIR, BRAED)ARTY ., bR R  RXGHR (RilgEE XL, #vilf RGi8 « 6K (EHE#S, 2013) .
RAEE (2019) Fiit 1981-2015 4 rf [E /NS B /K Hs, &I 39.0% HAAN S it I o B /K T4 A= AE ) e P2 55
RN LIRSS (20220 SEvt-wiiTaksm ks sl fe K Bs . A M S A I i B /K B 5 U B DA%, S
W2 TR, BRI R P K R S IR SR AN R, W AR R T b Ry o AR SR B B s
KRNG5 TR BRI R A, HEA R, W AR R, Bl R, JUHAE R
AR I R Y O TR BE LS, R BN AR, PR AR R R TR A R RO Pk . 2023 4 7 H 16 H
22 H#LER BN BUE RS e, ASSOR A AOW ISR, S B BORUMAR T A Bk, [
RS R LB AT 50E (ERAS, 0.25°%0.25°) %5, XFHbarir 2 itlom &M fE M R 5. 37
Bkt PREXNRAGMAN ] FIASEREEE, DIV e Ja bk o 2 7 F 0 A LR, 2R A0
AR RS RGeS

1 B&E/KSCHLXTH



2023 £ 7 J1 16+ 22 Hr ALt o i B I £, 161 1 ki 2 6 /N R E AT (as b) REF
OUNIZ/NE I AT (eo d) , ATRUE S, i 1 (2023 457 H 16 H) 18:00-24:00 Ny £ RFIbA /A6, B
KRG SR AL ED, 6 3l B 1L 200mm, 55 K0 F K3 295.4mm, /N Y 5% e K 523 B 23 135.3mm,
WS LRI s 205%, 53 9 ANk AL 1hy 3h. 6hy 12h. 24h YRR G SRR AR, AR o & W 36 AR 2 A3 T T
UK, 75 AbMN ZEPEAAREERUK, AAEY)SZ2 R S A 1360 wF, ki 85 . HIRLT#ik 6326.14
JiJGo

12 2(2023 4= 7 H 22 H)14:00-20:00 [ 7 AU [ 5347 BR/R G AP AERUMIZR S, 2 3l Y B85 150mm,
K e FH S SR A ik 208mm, /NN R 9 KON B BHORBEAS 112.4mm, 52 K 3 /1N R 958 04 & B S 50R 198.1mm),
PR 1h, 3h VR 2285, PomBRm sl KIRE. EH 252N, HEiRaFrHik 1.8 1247T.

A WPUGE TR B B RGN R FEAOREER . SREEKI B, AR, RAVERSE
R o
B 1 PUGLRE 6 /NN R M C(a, b, ZLEROBUIMID) FORG S & H b FKIESE (o) SRFNE () B/ ES A E (A mm) (a: 7 H 16
[ 18:00-24:00, A AF/KIEYL; b: 7 A 22 H 14:00-20:00, k4 52 5k 5D
Fig.1 6-hour rainfall distribution of the two processes (a. b, red line represent Hangzhou Bay) and hourly rainfall of Baishuitang Station (¢) . Shijiacun Station
(d) (Unit: mm) in the center of extreme rainstorm (a: from 18:00 BT to 24:00 BT 16 July, black dot represent Baishuitang Station; b: from 14:00 BT to 20:00 BT
22 July, black dot represent Shijiacun Station)
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Fig.2 Distribution of height at 500hPa (contour, Unit: dagpm) , wind field at 850hPa (Unit: m s) (a, b) and T-Inp (c. d) C(res dot represent the rainstorm
center) (a: 08: 00 BT 16 July; b: 08: 00 BT 22 July; c: 14: 00 BT 16 July; d: 14: 00 BT 22 July)
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Fig.3 Water vapor flux (black solid line, Unit: gs*em™hPal) and water vapor flux divergence (red dashed line, Unit: 107 g st €m™?HhPal) at 925hPa at
18: 00BT 16 July (a) , 14: 00 BT 22 July (b) (blue dot represent the rainstorm center)
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Fig.4 Evolution of wind speed over the rainstorm center at 700, 850, 925hPa (Unit: ms™) (a:16 July; b: 22 July)
3.2 $JI%ME

B A0 Ose S 1R RIRATARSL, MR AP HIRERE . EEARER . KURRUE R
AR B A AT O RS 0se KPR (K bay b) ATLAEE], #2116 H 45 600hPa LL
T Ose (A A S, HEEREEMmEDN, RURKIPOAAMERERE, LT RE M ERS.
15 i ja 925hPa AT IR s UK i, JEHZ 17-23 I g 4R RS 410 K 61 Bk, 5 925hPa 7R Fg i
BRI B, T AR AR B R R a5, Bl 1 KRR RPN X, SRAR-T- A 4mid ] LG 2
XA E RE R84 78,  DIAMFE R K BB B (FRIEIRAE, 2014) . 34haEE TS A P
RERIPREZI MR-V -IR-7 70 A, AR SARE 2SN, FW O fom K B (20-22 1) HILE
RER IR I ERMEH B . 24 I )5 s 2 g, R B il ys, Mokl . 2R 2 1
FRE Ose FEL D MEGIRE 1 HHE, JLHELIE Ose (Hik 370K LI b, RUPKTAA L mKIATRER
&2, EEMIEPAR TR TR, SECMUZES AR E RS,

g bordfr, AR 1 7 925hPa ZR MR RFEEE o, A 5% T XL 5 2 WA T s g o, SR B K B0
REEIFETT UL AN TS, RIRHMIZ A BRI R D KO BE I, (R UR AR E TP, A



AT ol AR, TR 2 h BAR R SAE E RE B, 5 925hPa TTFI SRS, SEURIE-FIRHIE KEEN
FsETEtRES, smbEK TN RERBAEA AR LA TS, XM 1 B ORKERTERE 2 KRR Z
KI5 JLEMIL 0se CPfiz: KO PR CGRAL: Ks) IIEE M (a: ¥ 30.75°N. 121°F, 7 J§ 16 H 14:00 % 17 H 02:00; b: #} 30°N. 120°E,
7 H 22 11 10:00 % 22:00)

Fig.5 Vertical distribution of 6se (Unit: K) and its advection (Unit: Ks) through the rainstorm center (a: along 30.75°N. 121 °E, from 14:00 BT 16 July
to 02:00 BT 17 July; b: along 30°N. 120°E, from 10:00 BT to 22:00 BT 22 July)
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Fig.6 Vertical profile of horizontal frontogenesis (shadow,Unit: 10°°K m ™ s1), vertical frontogenesis (black line, Unit: 10 °K m* s*) through the rainstorm
center (a: from 08:00 BT 16 July to 05:00 BT 17 July; b: from 08:00 BT to 22:00 BT 22 July)
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Fig.7 Distribution of ground wind, temperature(red line, Unit: °C), terrain height (shadow, Unit: m) and rainfall in the next hour (blue dots represent stations with
hourly rainfall of 20-50mm, red dots represent stations with hourly rainfall of 50mm or more, blue line represent the ground convergence line) (a: 18: 00 BT
16 July; b: 19: 00 BT 16 July; c: 15: 00 BT 22 July; d: 17: 00 BT 22 July)
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Fig.8 Combined reflectivity factor of Jigking radar (a. b. c¢. d. e. f) , Ningboradar (g. h. i j. k. D C represent the rainstorm center)
(a: 18:20 BT 16 July: b: 18:44 BT 16 July; c: 19:37 BT 16 July; d: 20:25 BT 16 July; e: 21:18 BT 16 July; f: 22:06 BT 16 July; g: 15:01 BT 22 July;
h: 15:25 BT 22 July; i: 15:49 BT 22 July; j: 16:26 BT 22 July; k: 17:02 BT 22 July; 1. 17:38 BT 22 July)
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Fig.9 Time and altitude profile of Zy; (a, b, Unit: dBZ) , Zpr (¢, d, Unit: dB) . Kpp (e, f, Unit: ° km™) and evolution of per minute precipitation
(g,h, Unit: mm) of Jiashan Station (a. c. e. g) ,Shijiacun Station (b. d. f. h)
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