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Abstract: A downburst event triggered by the merger of two convective cells occurred in Ningbo, Zhejiang Province on July 17, 2022. To
better understand the formation mechanisms of downbursts in multi-cell storm environments, particularly those initiated by convective cell
merging, a detailed analysis was conducted using sounding data, minute-resolution automatic weather station (AWS) observations, dual-
polarization radar data, and dual-Doppler wind field retrievals. This study focused on environmental conditions, storm evolution, and the
downburst generation process during the cell merger. The results are as follows. (1) At the Tangtou AWS, located within the downburst
downdraft region, a sharp pressure rise, temperature drop, heavy rainfall, and peak wind gusts up to 33.7 m's™' were recorded.
Simultaneously, the Qifeng AWS, situated in the outflow zone near the incident site, registered gusts of 30.1 m-s™', with peak timings of

various elements being well consistent with those observed at Tangtou. (2) The multi-cell storm system propagated northeastward. Before
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the downburst, a cell on the northern side intensified, exhibiting a strong updraft and a distinct Z; (differential reflectivity factors) column

indicative of vigorous lofting of moist air. As the southern cell approached, its upper-level outflow and cold downdraft suppressed the

northern cell's development. Eventually, the merger of the two cells triggered a collapse at the cloud top of the northern cell, initiating a

strong downdraft. (3) This downdraft was further enhanced by precipitation loading, melting and evaporation of ice particles, entrainment

of dry and cold mid-level air, and cyclonic rotation. The resulting intense divergent outflow directly caused the severe surface wind event.

This event indicates that during the merger of neighboring cells in a multi-cell storm, if the target cell exhibits rapid cloud-top collapse and

a descending strong echo core, a downburst should be warned. Special attention should be paid to the suppression effect of upper-level

outflow from an upstream cell on the target storm, providing a key precursor signal for ground high-wind warnings.

Key words: downburst; storms merger; collapse at the cloud top; wind field retrieval; three-dimensional wind field

51

T

T e — P AR KRB/ GE R <
10 km) {H % IR J7 B K 0% K 3 Pk 5 R (RT 35 F3 4,
70~92 ms ), HfaFRE 5 A& XWAY (Fujita, 1985),
60%~80% I B 2 R TR I 2 F o 2 0 09 & A&
(Wakimoto, 2001). 27 ZATHI S8 T ol B2 L YL I
FRIFJ T R E ST, B 3224 b T 09 X6 3 XU
& (AT, 20065 2245, 2018; £ —H 4, 2022)
Frb R XA 248 (MCSs) (Fujita, 1978, 1981; H5 7k
JEAE, 20165 i B 55 4, 2016) X P KBE RGE T =4
1N d BRI

PRSE R 7 A B T o 0 322 XU i T T
AR T M JZ R B A (275 T4, 2023), 1% TR
it AR T A A K BRI R (RO . VKD AHAR
AR (nZE % Rk KRR S 75 ) B SRS I
J1%N (Wakimoto and Bringi, 1988; Proctor, 1989; Fu
and Luo, 2007), DL S K &EEY) 1 28 AEH o AU iR B ik
L 1 — 2548 715, VKT Rl AR B ) [ TR & kL7,
A R R RN KA E R LA I s A o R
JE R 2 B (Richter et al., 2014; Kuster et al., 2016;
Mabhale et al., 2016), BAN, —L6AFiRF5E FBH/NRUE
WATE (A% TR TE) A B W] RETE fih & B,
Jn ) 4G R U0 O TR S AR (Kessinger et al.,
1988; Roberts and Wilson, 1989; Neilsen and Schum-
acher, 2018). Zhu % (2025) F HI X % B Al 4% 4 5 i
LI e et Ko FL R Ak 45 SR, A A RN — R s T o 2 0k
AN, Fa R KB B Al & R DT, K2
JE ™ A e 1) T 4 30 SR B ) R

MCSs 1 T 5 28 Ui 8 5 S 2 AP B R Y
FL[EAEF, AL HE SR X I AR ) R TR B . TR
V3 1 5% B2 I DA RS A 20 (RUD) W 8l i B
&5 (£F5W5F, 2023) BEBIIRI, R s T %
B3R T U 4R 0 T S B T 38 XU (Mahoney and
Lackmann, 2011), AR 38 A7 <R A BE 7 AR B m]
77 UK KA (Markowski and Richardson, 2010), =

T2 1] 8 T vty 1) 4 S XU B I O 5 RIT B Ay oG
(Weisman, 1993), {H RIJ fig 7 St Je 3= 5 3 S M A L
il 7547 %E (Wakimoto, 2001), It A ,— 84~ 1F 53 38
SR UE T MCS PR Z RO 16 Jié B LA B 1 1 3 XoF
b 1A 5 XUE B ) B 2P (Sechenkman and Xue, 2016;
Parker et al., 2020),

Fujita fll Wakimoto (1981) 4§ ! T ili B IR AF1EA
W) )RR 45 AiF, (H B0 0F 9% 8 24 o 1 97 KU
MCSs X I R G T A T i 20, X FEL ik
AE (O FIRSL AR 5 R MCS Z 8] 1) —FIE )
FHEAE TS 50T 7= A 0 5 R 3, e fioh 2 #L i i
ARSI B Z . BRI, 250k R R
G5k A TR, AL — S TR A S
TR A 22 [) B8 A SRS (T 3 4, 2022; 428 iU 45
2020), {HX}F Z BAR X RGN HTA . A T &
B 9 T i B A el A0 AR, RERIR SR GO R
WA] 52 ) 3045300 04 fik & I ik, E T S8 o R
S, AR Py LS G AN B . 2022 4F 7 H
17 H WL P Xk A — Uk 22 B RO s i)
T B (/NI 45, 2025), 22 B XU 2 A ] 4R
A6 1 B 2y, A R — BT 1 A5 H 1) ) X i B
A A= B, HE e 0 A X 3 AR A 5 G I AR X
TR A IR, AL B R 5R 2R DA 2T b
T 9 3 R R

IR A PR 2 AR R 5T N 2RI K
BL, BE5E BAR A IF 2 A X T o 2 ok 2 T2 B B L
B, ARSCRA 2022 4F 7 A 17 H 7P R I B g
PR TR 52, SR AR 2 SR X2 A A B O
ST A ), RIS . A SIS | SRR
TR IR MW Z ) B Tk RO A R, X vk KR
I BRBATIRAMG, TR T o 2 o 72 1 36
355 S AR RN 22 BRI XU AR AR, DL S 3R BRLAAR B -
SUN ST TR & NN Y AP =g % ]
TR IR TR o R Ik & i B S m BIL R, TR
ARG 215 5 T T o 2 T L3 A1



470 BT

*F #4585

DRSS AN BEIE 2%, oy P vy 1 ol 2R 070 U fiE 7 4
BRI,

1 AREFTE

ASCAT R GERE 2% T 2 i R R A B B
(2022 4 7 A 17 H 11:00—14:00, L 51, FIH) LA
TILZEBRE: (1) WiLA A R R AR & TURE X
Y. 151 BE S LA AT sl 2 25 BRI B2, T X%
IS ST . (2) WV G SR A B A M v 434
2 A shul I E s, 1T iz S o BT
PR K AR W, XU, RRAFEE R . (3) Wil
BARZRPMER T U 2% FHl, B BTN 55
XU P 22 % 8 K AR B B, FH T 02 8 i 3
AT BT o BRI G 24X R B IA XX
I FRHFEAT OB Bh I SRR S AT . PR AR R IR
By H A WU IR B8 T, AT LASRAS = 4 0 S s AR i
ARSON TF 2250 R R R T (Zpp) RS 1T T R
Gi i 22 AL B (B AR HESE, 2014), XF T 2243 ML H B
(Kpp) YRS 4T T H B A5 (Wang et al., 2009),
It HEZEE RO R EUAF W L Z8CE H ) THER
Sl (A, 2018).

E I W AR G I R R £ 3 42 PR
TSI E R B, AT UL, S e Az 1A% ik B
A7 B AR T P A ah A~F 90°3%2 £1, 43 S AR I 7= %
ik 65 km, 4245 K 88 km, RN A IE I W E
YT I8 =4 I R 67 & 43 AT (Doviak et al., 1976),

T 2022 7H17H12:34:44 (JLEED) 1 5

B 1P RT LA AL B XUBARRT T, 24 PR R Ik s 1

AR AN 2022 45 7 A 17 B 12:34 T A 1.49°004

PURIEINBDR3 ke N i S R B i o s A P U R e
ik, LIHER R X7 B X )

Fig. 1 Positions of two convective cells A and B relative to the radars in
Ningbo and Shaoxing (And this is reflectivity factor observed at 3.3°
elevation by Ningbo radar at 12:34 BT on July 17, 2022. White
circles represent the radars in Ningbo and Shaoxing, while

the red box represents the retrieval area)
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Fig. 5 The (a-e) radar reflectivity factor at 3.3°elevation angle, (f-j) the radial velocity at 2.4°elevation angle, and (k-o0) the vertical profiles of radial

velocity along the corresponding white lines in the storm cells from Ningbo radar at (a, f, k) 12:18 BT, (b, g, 1) 12:24 BT, (c, h, m) 12:30 BT,

(d, i, n) 12:36 BT, and (e, j, 0) 12:42 BT on July 17, 2022 (Black arrows indicate the direction of radial velocity, and circles denote the

affected disaster locations, the same below)
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A e ) XL PR R R 55— 2k, BT/, AR,
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BRI (9 EAF R TER).
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Fig. 7 (a-d) 2 km height horizontal wind field (arrow, unit:m-s™") with reflectivity factor (shaded, unit: dBz), (e-h) 2 km height horizontal wind field (arrow,

unit: m-s ') with specific differential phase (shaded, unit: km™), and (i-1) 5 km height horizontal wind field (arrow, unit: m-s ") with reflectivity factor
(shaded, unit: dBz) obtained from the dual-Doppler radar retrieval at (a, e, i) 12:16 BT, (b, f, j) 12:22 BT, (c, g, k) 12:28 BT, and (d, h, 1) 12:33 BT
on July 17, 2022
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Fig. 8 The (a, d, g, j) vertical profile wind field (arrow, unit: m-s™) retrieved from dual-Doppler radar with reflectivity factors (shaded, unit: dBz, (b, e, h, k)

specific differential phase (shaded, unit: km™), and (c, f, i, 1) differential reflectivity factors (shaded, unit: dB) at 12:16 BT, the rotation of points (a)
(121.34°E, 29.35°N), (b) (121.33°E, 29.35°N), and (c) (121.33°E, 29.35°N) at 12:22 BT, the rotation of points (d) (121.37°E, 29.35°N), (e) (121.34°E,
29.35°N), and (f) (121.35°E, 29.35°N), at (g-i) 12:28 BT, the rotation of points (121.36°E, 29.35°N) clockwiseby 30° in the north-south direction

on July 17, 2022 (The white arrows indicate the locations of descending air currents, the ellipses represent the high K, value regions)
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Fig. 9 Evolution of two individual cells during this downburst process in Ningbo Zhejiang Province on July 17, 2022 (The red airflow represents the

southern cell, while the orange airflow represents the northern cell, and the purple arrow with thick lines represents the direction of high-altitude

outflow from the southern cell,the horizontal axis represents the east-west direction, and the vertical axis represents the north-south direction.

T1, T2, and T3 denote the positions of the storm at three different moments)
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