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Abstract The characteristics of cloud-to-ground (CG) lightning activity of hailstorms are an important issue. Based on the CG
lightning data and wind fields retrieved by three groups of dual-Doppler radar, the characteristics of CG lightning activity in a hailstorm
process that included three hail events and their relationship with hailstorm dynamics and microphysical conditions are analyzed and
discussed. The results reveal that: (1) Three consecutive hail events occurred during the whole hailstorm process, accompanied with three
peaks of CG lightning activity, and the CG lightning flash rate increased rapidly prior to hail falling. After the hail began, the CG
lightning flash rate decreased rapidly; (2) During the whole hailstorm process, the vertical velocity at 0°C and —20°C levels corresponding
to CG lightning position were concentrated within the ranges —2—2 m/s and —10—10 m/s, respectively. However, the CG lightning
positions during the three hail periods respectively corresponded to the strong subsidence airflow zone nearby, the boundary area between
strong rising and sinking airflow zone and weak subsidence airflow zone at —20°C level; (3) The three radar echo parameters, i.c., the
maximum reflectivity of the hailstorm Z,,,,, the maximum reflectivity at —20°C level Z,,x o, the grid numbers of greater than 40 dBz
at —20°C level Sum(z_, .. >404Bz), had the same trend as the CG lightning flash rate, and their correlation coefficients are 0.64, 0.64 and
0.76, respectively. The two vertical velocity parameters, i.e., the absolute value of maximum vertical velocity at —20°C level

corresponding to CG lightning position |W| .« —20c and the volume number of the vertical velocity absolute value greater than 5m/s above
—20°C level |V]s ws 1-207c, are proportional to the CG lightning flash rate and their correlation coefficients are 0.72 and 0.65 respectively.
The maximum values of parameters of the stage corresponded to the CG lightning flash rate maximum value of the stage. Considering the
dynamic and microphysical effects, the precipitation ice mass flux F has the most significant correlation with the CG lightning flash rate,
and their correlation coefficient is 0.85. The CG lightning flash rate was low in the second hail stage, when the hailstorm developed most
rigorously. It is inferred that the characteristics of charge structure under strong dynamic process is not conducive to the occurrence of
the CG lightning. However, the dynamic process played a positive dominant role during the whole hailstorm process. The updraft

changed ahead of the ice crystal mass and lightning rate changes, and affected the radar echo changes.
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Fig. 1 Hailstorm process trajectory route on 15:22—22:23 BT 8 April 2016

(The trajectory is determined by the locations of the maximum reflectivity in hailstorm at each time,

the hail symbols represent hail observations on the ground, the red triangles represent positions of the four observation radars)
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Fig.2 Temporal change sequences of the maximum reflectivity during hailstorm and the CG lightning flash rate per 6 min

(Arrows indicate the starting time of the three hail events, blue dotted lines represent the division of the three peak phases of CG lightning)
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during the hailstorm process

(a. reflectivity at 0.5°elevation, b. reflectivity at 1.5%elevation, c. cross section along the purple line shown in b)



106

1A 8 K R AE (o 26 R 45, 2017) o MR L I %) 19 I
05 ) T (& 3c,) o n] ULy A2 | 55 B 71X, 5 [n]
P B R 2 PR AE, 1] 3 b, A W 8 A IR [ 3
FRAE (P /i Sk 8 78 ) o T AE 17 B 10 43 F1 20 B
35 433K PSR I 20, 5K UL AR D | Al N
G SRR, A M B ] AR A5 A, (H 17 I 10 43 L
20 B 35 43 BT G —4E

I 2 B2, BN R R 3 KRR KA
553 YR b DA 06 L I BB R 6T R, b T ORS00 £ I S 6
it 20 5 b R VR (R /(6 min) ) H B0 B A KA B 21
WA A —B0PE . I ELFE 3 U BRI i DN AR R 2
FHERIE IS, & 2 W3R 1 IR BRI ZI R 48 23 H (A
BT G 305 55 2 WK B L I 20T 61 434 b DA A3 vk
FEURYE N 565 3 K BRI ZURT 48 43 b I3 45 Uk T 4
Hahn . TTE 3 RFER TR IS, Hh DR SRR 35 R
T PR T RE SR Bl VKR A R TR S B s K
AFRL 75 £ 2 [, [) B AR 8 1) i P R s sS T  T
SR, RS 2 AR e IR AR 5% B CRR A% 55, 2010
Xu, et al,2016) . i BFK FEE f5 MDA Bk 58 %, {H B
Je M TRV R SR % JR e ke, S RN 7 R SR R 4
SR, BaiR B I PR R, R 3 IR E KR
S ML N AR AT . B R ROk E ,
Nl RIS U A Ak SR T, 8 2o R 1) 38 i N 55 5
DRI ATV 118 438 5 RO 555 s 0% L G BB 1), 2h i R LA
IE S ECVE .

R R 2 TR 2R PN e R R I R b DR AR 3
R EE R S ER SN R S r FUR =S N
2 KBTS, F AT X 7 f KA i PR AR v (s A

82

(a) 20 (dBz/3 min)

xxxxx

—R¢s/3 min

70

Reflectivity
~ W
(=)} =)

W
N
T

N
NS}
T

IO An

15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:0

K 4
Fig. 4

30

125

1 20

0

Lightning flash rate

0 BT

Acta Meteorologica Sinica ¥ 2020,78(1)

SV KRR AR ) o ML R R | B B
KAB 5 5 K B IFAE A G

[FIFE—20°C )2 5 BE R R S 3 (Z . a0c) T HIIA
YR 348 9 A N7, AR — o AR OC (] 4), Hi%
SR RIS 2 YRS 2o 2t V82 % IO e K ) b DA 43
W & 4b HHLINATR KT 0 A Zoa 20 LA
FFEAMR e 5=0.59%Z,0 20c—21.98), HEEFHCH0.64.
IR R R R S AR S M IR T 0 LA A G
REIk 0.64 (FUA WS )

&5 1 —20°C 2 8 BE S K T 40 dBz 4
5 Sumy, ~a0as T H N B KBS BL A E R N
( Reg s=0.14xSum ,, 4048, t1.02) , #H K F % ik
0.76, {FHb ST R AL KIS 1 YR B 3k A 00T R 55 /)N
E@ Sum(zfm >40dBz) ©

AR 3 AT IS i S 55 Hl DR AU ) 38 0 AR AL
A — B, (H D DA G B A K5 1 IR R 2 A
HIXt R W (B e /N TR AR R S i, FA g S 8
b TR RS 2 ORI R Ao R 0 U X I R K Y i A

4 M TN I Bl 55 K 45 R R R Y S ]
P B O &

P 6 2 3 UK B N 20 1) b TR 3% 8 5 1 e . e BT
B Y 2 TR C E . AR 1 RN ) (17 B 10 43,
Kl 6a,, a,), 0°C JZ 7w A B85 B Ui U 7, Hu IR
i, HAH AL 2 XN AE-20C JZ i 5k T T
SULDCHET o 57 2 BRI 20 (19 1F 05 43, 4] 6b, |
b,), B 5 A Ik B G, 0°C JZ= v AU R 5

30 F
(b)
25
20
15 ¢

10

CG lightning flash rate ((3 min)™")

45 50 55 60 65
20 (dBz/(3 min))

35 40

11111

—20°C )2 i B R S5 28 S b AR (¥/(3 min)) A TR] 84K (a) B2 e R UA (b)

(a) Temporal variation of the maximum reflectivity at —20°C level and the CG lightning flash rate

per 3 min and (b) their relationship fitting
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Fig. 6 Spatial configuration of CG lightning activity and echo and vertical velocity at three hail events

5

(“0” represents negative CG lightning position, “+” represents positive CG lightning; a, b and ¢ correspond to time 17:10, 19:05 and 20:35 BT,

respectively. CG lightnings that occurred within 1 minute of each time are marked. For example, the ground flashes occurred between 17:09 BT

and 17:11 BT are showed in Fig. a for the time of 17:10 BT. a;, b; and ¢; show retrieved horizontal wind fields (arrows)
at 0°C level (4229 m) and radar echoes (shaded). a,, b, and ¢, show vertical wind fields at —20°C level (7668 m)
retrieved by radar. bs, by are vertical velocities and echoes of the north-south and east-west cross sections along the two white lines
P1-P2 (24.53°-24.67°N) and Q1-Q2 (116.89°~117.01°E) shown in by, respectively)
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