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Abstract Total lightning data observed by the SAFIR3000 3-D lightning locating system were combined to the data of radar to
analyze the characteristics of the lightning activities and electric structures of a hailstorm occurring in Beijing on 31 May 2005.
The results indicated that there were two active periods for lightning activities during the hailstorm process. The hail shooting
was found in the first period. After the end of the hail shooting, lightning frequency was decreased suddenly. However, more
lightning activities occurred in the second period with lots of them appearing in the cloud anvil region. The peak time of light-
ning activities was prior to the hail shooting about 5 minutes. Only 6. 16% of the total lightning discharges were cloud-to-
ground (CG) lightning discharges. Among them, 20% were positive cloud-to-ground (PCG) lightning discharges. In addition,
the PCG lightning discharges before the hail shooting were more than those after the hail shooting. In the stage of the hail
shooting, the electric structure of the hailstorm was inverted, i. e. , the main negative charge region lay around the —40 C-lev-
el, and the main positive charge region lay around the — 15 C-level. In addition, a weak negative charge region had existed be-
low the positive charge region transitorily. With fast and persistent adjustment after the hail shooting, the electric structure
changed to a pattern of usual tripole with the upper positive charge, the middle negative charge and the lower positive charge
configurated. However, the electric structure was tilted under the action of the west wind in the middle and upper levels. It
was found that lightning activities and electric structures showed a close relationship with dynamic and microphysical processes
in the hailstorm. The reason why the inverted electric structure formed was discussed in the article. It was believed that it was
easier for severe storms with very strong updraft to form inverse tripolar electric structure than for usual storms and produce
more PCG lightning under the effect of the lower two charge regions.

Key words  Lightning activity, Electric structure, Non-inductive charging mechanism, Bidirectional leader transmission

 E G AIH SAFIR3000 = 4 (A B AE I R 48 19 4 I E A BErk 5 35 ik 45 A %) 2005 4F 5 A 31 H A FAbmt i — R vk & i
T 1) DN B3 0 R L 7 25 R AR R AR R AT T 2R B o M. SRR X T B W TN HL IS B A T U BRI B — SR BRI R AR TR

x T IRAE [ R H R I 4 (40475002) FE 52 T 5L mbF 5 & TR K9 H (2004CB418300)
TEH T AR, EEMNE KRBV . Email: zhd@cams. cma. gov. cn



I8 ARAE  — YO S 1 DR P AT TRy 25 4 A8 WF 5T 249

BB A L N LIS S SRR L S BE BRI S A T 2 M I b — 8 b T b X . DA HL T B 0 (B T I EZ S min
ZEAT S DN HL T Bl v i DAL 6. 16 00 AL TE S DR o S DR £ L 31 i 20104+ L R85 T I L 3t DA B ) e R U v L R R AR S
IENAR D R A o BRI BL. 2 5 0 i) AL A X R BN RO MR S5 ., — 40 C A XK 2 S5 i E ol X, —15C A
A3 X3RO 2 5 i Y T T LT DX 7R IR R DR S AT AE — R I SR X R RS L AT A R T T R A R
R R AR LTRSS 2 UCIN LG BRIVT L 2 5 0 32 B IR B IE R R SRR AE R B B OE - - TR IR Z P R AR R
e = AR PSS A I BUABURE . Bl 0 A B AR G 0 A 2 B DR R T Bl R R A 45 4 1 R AL 5 TR B S N A Bl ) R BT AR K A
S SCHOGE BOAR A HL A 45 K TR R T BERL R BEAT 1P L OF B B R A TR UM Y O R T RE T B R R = ARk
R HL AT 5 A W AT TS LA DX A TR P A B 2 B IE LI

XK#IA
REEDES P427.32

1 5 H

ER: IR A INCIR I E: g D E YA A N
(Takahashi, 1978; Jayaratne, et al, 1983; Saun-
ders, et al, 1991; 1998) I\ Ny . AS [RDKL T~ FiF 485 75 (1 W
i B 2 AR T B 45 R R A K = AL
REASC O PHL M A B T 2 5 P9 2 8 o DX A9 B G 20
fii . Kasemir(1960) $2 ti I & i€ 1 X In] & & | #& 1K
AN i v Y 5l S A SOME A8, A D IE L 5 S TR I
-8 I SN G R i A S B LT Bl A A SR
DA fif 71515 [ 0 FRL A DX AE AT AT IS T8 — U TN 1
AR . R ROk BB 2 AT R A B kR
(Mazur,et al, 1993; 3k X Z4,2002,2005,2006) ,
— S s S R T X ] S 5 0 AR B (B S A
2002, 2005, 2006; Mazur, et al, 1984; Mazur,
1989a,1989b; Coleman, et al, 2003),

B 2 1 DA FL R AR R R AR T B % ) F AT 45
G0 S R ORI AT TR s HL A G A A TR
WIELEA . FIE Wk 8K 2 800 2 0 R
07 45 F S AR AR P £ 5 BV b 8 O — 1B AL A X R AR —
R fF X (Wilson, 1920), B ZE INRBITEA . AL
R BLTR XS  BR 2 1Y) P AT 45 ) L 3 LT ) B T RE R B
IS A% B = A e COE P 6T IED 458 (Williams,
19895 ik 74§, 20005 28 75 45 45, 2005) . £L 2= A 7]
feis®) 4 ek 5 > W fif J2 (Stolzenburg, et
al, 1998) ., Marshall % (1995) ¥ ¥ | H1 48 25 1 3
IR ) 1988 4EN7 T Texas i) — 45 2 B A [
P B s 5 AL BT T R B R B AR N R B H A Y
DX 38R Sy T H AT X 7T O FL 7 R DX Sy B H A X
2000 4F £ E JF B 1y STEPS(Severe Thunderstorm
Electrification and Precipitation Study) 3£ K &7
LMA(Lightning Mapping Array) %} — & 55 Z& i B

TR FL 3 B o FL A7 45 A o AR SRS FL BIL AR 1) S A5

FR) LS00 5 B S TSR 4 R B A A (B S A
2002,2005) , I 5 — L8 H3 3 4R 25 o 000 2 S A Y
L {7 45 74 (Rust et al, 2002, 2005), #5755 3 3
R J2 23 T TR (DA L RS AL R R SRR M 1
F4 (B REZ 45 ,2004) . 3k LRI 5 A & LU B L bR 1 3
AR AR TN = A 1 P A 5 4 B R T 1) R A 5 A
Wt AR AT R AETE — RIS . B TN R
A TE AN [ 1 R AT X A R P i DX i TG 22 ] 1 o 55
TR BT DN E T B AR A — R R AT LS e
T 11 B 25 R R AIE

LA T FEL A 45 1) 1 AF 90 B8 22 14 i B b T R 3 19
ORI AR AR 480 43 T Bl B A (VHE) = 4E (4]
F, i S LR AR AT RESE A R4 s i 2 5N
MO MR RO R4S M RRAE. A SC A M
SAFIR3000 R4 (A48 WA 2 3543 /Y IN B 56 5 5
= HEWLIN B L 25 2 )OS TR R — IR UK
T o 11 DA R RO R R 7 25 R Y S R AR R AT A0 AT L I
XF g Fy A B AT AR .

2 RAE R UL N BT R

200545 H 31 H, — W HE AL RN 1Tk
B DR J 8 PG 1) AR A% 2 0 28 b b st X (& 1) L 3
DX 43 b DX MR B T T B RN . 14 B 25 43 (bt i,
T 22 A v UL B R 0 R L VKB B 2—
3 cm, FFLEN[E] 2 15 min, ZH 2N — iR PR, 52
M) 3 AR 8/ AR RS S A e . AR 303 B v 32 AT
JH T SAFIR3000 =4 [ Hi3E 7 5 52 14 42 TN BRI
IR U T RE L B 14 T X S A Lk
fE .

(1)SAFIR3000 =4k [A] H 7 A7 £ 48 %5 A HEL T 3
AL, SAFIR3000 F 5t & H] 1 ¥ i I 4 N W, 7
WSS TEM B VHF:110—118 MHz,



115 116 117 118°E

K1 200545 H 31 HE&EEB
AL 3 258 53 A
(m:SPBEL, &:SAFIR3000 = £ [N WL 5E {1 & 58
Y D EINUNS REI i SR | 5 R P E e
LR R 3R o A% A KR ) B P 1 AR
Fig.1 Hailstornts moving trend and the distribution
of the observational stations on 31 May 2005
m: S-band Doppler radar; ¢: The sub-stations of
SAFIR3000; * : Automatic meteorological stations;
%: The center of Beijing; Dashed circles
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Fig.3 The soundings and state curves at 08;00 BST
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the Figure indicate the heights with the unit being meter)
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Tabal 1 The stratification parameters at 08;00 BST
31 May 2005
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temperature with height at 08:00 BST 31 May 2005
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Fig. 5 Temporal changes in the lightning activities in the hailstorm process
(a) Total Lightning, cloud-to-ground (CG) lightning and the ratio of CG lightning to total lightning;
(b) CG lightning, positive cloud-to-ground (PCG) lightning, negative cloud-to-ground (NCG) lightning

and the ratio of PCG lightning to CG lightning. “y ”: The start and end time of hail shooting
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Tabal 2 Statistical characteristics of lightning activities
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(The temperature lines of 0 C, —10 C, =20 C, —30 C and —40 C were labeled in the figure)
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Fig. 6 Time-height distribution of the ratio of the lightning radration dots and

temporal changes in the height of the maximum ratio (shown with the thick fold line)
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