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Abstract A new lightning locating technology, called Lightning Mapping Array (LMA), has been developed. The system
takes the advantage of GPS technology to measure the times of arrival (TOA) of lightning impulsive VHF radiation events at
cach remote location. The temporal and 3-D spatial development processes of lightning are described by measurements of the
system with high time resolution (50 ns) and space precision (50—100 m). The charge structures in thunderstorms and the re-
lationship between the charge structure and lightning discharge processes are revealed. The temporal and spatial characteristics
of preliminary breakdown process in negative cloud-to-ground(CG) lightning discharges are analyzed based on the data of light-
ning VHF radiation events. The effect of the positive charge region in the lower part of thunderstorms on the occurrence of
negative CG lightning discharge is discussed. The results indicate that the preliminary breakdown process with longer lasting
time of negative CG lightning discharges is an intracloud discharge process between the negative and positive charge regions lo-
cated in the lower and middle parts of thunderstorms respectively. It initiated from the negative charge region in the middle part
and propagated downward. After entered the positive charge region in the lower part, the lightning channel developed horizon-
tally. The characteristics of preliminary breakdown process are consistent with that of inverted intracloud lightning discharges.
The stepped leaders were initiated by the K type breakdown which occurred in the last stage of the preliminary breakdown
process and penetrated downward through the positive charge region. The existence of positive charge region in the lower part
of thunderstorms is the reason why there is a preliminary breakdown process with longer lasting time in thunderstorms before
the first return stroke of negative CG lightning discharges take place.

Key words Cloud-to-ground lightning. Positive charge region, Preliminary breakdown process
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Fig. 1 3D distribution of radiation events of a negative CG lightning at 00:01 UTC June 12, 2000
(The changes of colors from blue, green, yellow to red in Figures indicate the variations of VHF radiation
events with time. Different panels show (a) height-time plot, (b) north-south vertical projection, (c)
height distribution of the number (N) of radiation events, (d) plan view, (e) east-west vertical
projection of the lightning radiation sources, respectively. /\ indicate the time and location

of the occurrence of negative CG lightning. [] shows the location of measurement station)
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June 11, 2000, with the same convention as Fig. 1

A T 2 A0 HRL AR AE T MR % 5 5 F 1 U 3 B
Shy WY (1) 0 1l A R AE
2.2 = TEBIERFAIRNE

3 FIE 4 43 B0 2000 4 7 H 10 H Kk it
DR RSN &5 3R 33 R O DA L O A A R 2 1 ] — X
B A2 10 min, MK 3 AT LA HLJF 4 ML 6 km

1o R T L 1) T R AR 1 A B S T i
A AR R R RBEIT 2 km w5 L BEIS AR 2 K
JeFEBOITIA N 7 km & B 1) R KR I M AR
Ul AN R RS R A T 5 i dr . TR
[l o7 22 [R] R R 9 i i B B dl o K i 280 2 7R N
30 A G FL AT DX i) Y AR T 1) K P SE AR T 2 40 km,



G LA T R IR A XA 0 N B 5 A

[Fi Fsf 10 Sz ke H 2 P 97 i XD DA R DS B IXC 1 1
BWA 8 km 5 BEREARE] 5 km 7247, 33X BN
19 e A e Jiaed e A R0 20 7 A v L TR R )
U Il 22 i A T o A A A A S I AR T R
Fh R AT DX L R O 1) R A . (R AT 4 AT
10 min Z J5 75 7] — DX I8 AR 1Y o5 — U 0 TN L
AR AR AR5 & 1 AE 2 A i D LR AR —

279

XU M TN 38 A7 P [l A I B JF B AL 6 km
HEREN T RE, 2 5 km & E 25 KR L
J& T2 5 km. B N LI GE — 23 Dy IF 0 Bl AL A
PR JE T 2915 A5 km, 3 —Bir Bedif 4k 729 150 ms,
N LR ST R 2 o A AE 45 km /L Z )R 2R
SAE N B R IR XU 7 km = R &R RS
FEARTE IRl B A S — T IR A K Ry

12 3
10:7(3), E
g C i
24 [ .|
~ 8 — -
[}
o C .|
26 =
= = ]
< - —
2 —
5.5 6.0
_12¢ 3
gm? é 10}
s 8E 5 8
26 =N
Z4F E
< ,E 35| 5890 pis
-5 0 10 0 200 400 600
J‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘ \‘\H‘H\‘H\‘\H‘H\
70; (d) { 70 (e)
60 | —
S z
50 |- —
CRe ]
S ]
s I ]
g r ]
s r ]
540 - 7
ﬁ |- -
s r ]
EREN ]
C/l) = -
g L ]
2 L ]
[=} [ . .
30 - O — 30
20 - 20
C o ]
- O 1
:\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\m\\\\ : \‘H\‘\H‘H\‘\H‘\H
50 —40 -30 -20 -10 0 10 246 81012

East—West distance (km)

Altitude (km)

B3 2000 4E 7 7 10 H 09:21 UTC i [N = 4545 #5315 QLR E 1
Fig. 3 3D distribution of radiation events of a negative CG lightning at 09:21 UTC

July 10, 2000, with the same convention as Fig. 1



280

Acta Meteorologica Sinica K%k 2008,66(2)

H4E @) =
~ 12 —
Eh= E
X210 —
= . . —
2 == LIRS il sipddad h e 3
= E % Co E

4 E

2; L A L L L A {

13.0 13.2 13.4 13.6 13.8
time

14 () ERSIINC ]

g a9 12f 1
Z10- = 10T ]
< ¢ ]

g 8F q 8 1
2 F ]
2 6 0 6f ]
< r ]
4 0 4f ]
F B 1634 pts ]
L L L L LA A L 7 2 L L
X
-30 -25 —20 ~15 —fo -5 0 0 100 200 300
50 T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T \7\ 507\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\7
L (@ i

45— — 451 1

40~ — 40T 1
El i
&

8 : A ,
§357 A ; 1 354
2 L % 3 i Wf
o Y re ;
s | 7 ;
2 [ i
F30[° D s ; 1
Z o LI % 1 & 1)
; 7, R ] ]

25] e 1 25

20[ | 20| i

Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il 7\ \‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\

-30 -25 -20 -15 -10 -5 0 2 4 6 8 10 12 14

East—West distance (km)

B4 2000 4E 7 A 10 H 09:32CUT)— ¥k 4 [N = HE L5 #4047 bRl D
Fig.4 3D distribution of radiation events of a negative CG lightning at 09:32 UTC

Altitude (km)

July 10, 2000, with the same convention as Fig. 1

AE—BC AR K el i Z B N L E o R TR T 29 200
ms, HCEE 3 FE 4 v 1, 3 P I I HRRAE Y 32 2

SR Wl 2Z R T 2 O R R R A A
[F X Al RE F Rl TAE 4—5 km &8 AR IE
S P T G Y I I N SV I i e S L S 2
HY 25 A B R AT D K O A% B B TE & R S IE L e

DX KP4 Ji& o i LAty 20 0k A 45 S i () AR A . (HLIA]
A Jr 7 B DR R S A SR A X9 IR SE T LI R KR
FIE =N W AE LA DX 2205 e g K F e R L DT 7 AR
TR AR PG AR . X R AR BEE TR K
Joe IS R B3 5 5 2 T B I R AT Y v RE A A A S
I R N 2 R DA R R A R TR ) R ) L i A



K SCHE T AR IE R X A5 570l I8 ik 2 AR

K TSI 1 &L 4 Fir 7% 09 TR B B K AR kR R 1k
B B2 45 2 W g 9 4518 340 7 2 3 2 p WL R IR A
Moo Hr

3 ZEE IS

T o X 07 L DA = 4 I S 0 A AR AR Y 20 A ml LA
33N LLR 4518 A 1 Ol i Z /i B A K] 2 ) B
i 2R B U N T S AR R s op A A
X5 T I R A DX 22 R R — B2 PR A R HL i
HL P AE 5 B 1 2 DN T — 380 72 S 9 1) [A) i 3 T
F AR =N B IE H A DK & AR IR AN & — kot
SER IO . BB A S Tt KB o 5 Ok O i R
Sf 1) DA H S 2 Bk D L R R I N g . = R R
1 HAL i A7 AE 2 T B0 b D K B R) 2 P e R Y R
B

KAy 2= INTHOHL I 5 b TN B A A2 R B R &R
SOV EVN DS S E S O = RS2 S N [T PN A B oy
SRR I L 2 P o A R S B S R
TR IR R AE— 1 DA 2 PN 45 R B B )
SR A A — SR B TE O e XK AR (B 1.2
o,

Krehbiel 25 (1979) F F 8 3t i) b 187 H, 3% 72 £k )
HAT TP B0 N BR O T AT s N A R A R
GER KX — i B — 2R Sy o AR IR AE K
-0 ) b A A P O TA H TR gy A RO A e T 2
C M1 3.6 Cfyfirsfif. Rhodes fl Krehbiel (1989)
H 25 AU e B A — > BN s M N o B R 5
RTA T I R RRSE T 20 100 ms, ¥ L
a5 th X — A Ta) N A ol 2 R SR I B JE A 3 AN )
i) i K 5 R S MR TR SUE R
Richard Z£(1986) LI M Proctor 2 (1988) {1y Wi il 4o,
S BUAT I 1l TR Y e AR A R s T R — AN O3 SR
B HuTH . ER UL T B PR 3 00 A 4
AR T BTN R B] i Z Rz O e R (H R
a7 M T I H AT Y B ) A ST G A 4 R gk —
A SRR T X B 45 5L L [R] B S i T 2 R S O L e
XoF A7 1, DA 0 FRL SR I 19 5 ) L 3K o 5 e ) 0 ) B
R A T i — 2 I A AR .

(ELAT 1 2 AE b T b X Wk el o 2 i B A A
] ] 25 Pl R ) B TN 7 B A 2 A (R & 1000
AL v [ 74 Tl DR 7 R e it X el T R i 45 4
TREE (5K SCEESE L 20000 3% A AL 1) EE 191 38 o (A

281

75 154 . 2005) , [a] VLN & & BLAE v 1 P I b X 1)
0l A H L NS AR H PA) [ 2 i Y B g AR
T 1815 Z 05 A Ot 04 22 )R] A4 1) 2 A F e
. ZBF5 555 (2003) F] T H 17 L 3 78 A0 o, 25 A
e A 2 WL B R — WA B AT T 0 b R Bl
d7 J5 W = R o A8 R 2R T = R B A 5 R R E
LA X Z 0] S R PE = R H e A A e AR R
0 53 AT UL 0 R 3 G 2 0L G5 A RRAIE S R A 2 Hp
70 H fap DX AT BB 1E B A DX Z ) 4 & IR R ) | R
P J7 ) B AL A . 24 4% i 2 0F 57 £ DX T
BT T A A S OH GE T L AR S AE TR S IE e X
PLZ 53 SUIE K4 J s il , B 3 K-8 e 4
1R JE s A E B AT i KRR L I R B A Bl
A bR e i 5 R 2 TN TR G R e M
—EHy . X R B S 20 ms RS & A
FREERE A1 2928 136 ms, T LLE W 12 02 3 A4 TN HL oot
(9 —F8 43 o 6] BF 3 — 2 U W] = 7 3 1 W ey DX R A7 7
52 W 2 B % v DA B P e R DA R R AR AE . W
3 e I3 — 171 b A [ o 22 i A 900k 2 ook R 1 e
IR ALK 2900 90 ms, & B R Wil & 3] 17 ] @
Bz N &G B 2 PR PRI 14 DA R 3 G 1Y) R
TEANBE IS 28 Hb R B0, BT LA [l i Z2 )5 1 2= P9 JCHEL i 7
R 5 Il Z H Y R S AR - BOE A T T
L BTk oE

JAE AL a3t il B3 1 7t DA e R e (] o
ZE R R = AR R fr X5 = R R IE FL A X2 ] Y
IR PR o R TR FRL 3 T OE R Ay XOKOP S i (H TR R
A FLAap DO A A 1Y A A B —E s 7 gk
N %4 (Zhang Yijun, et al. , 2004) %} F 5K & 57 75
R R 1 T N (SR B =0 UN o e o €
= ER LA X 5 2 T BB AR HL i 2 ] R M s
IN s = T BB AEAE 35 K Bl 1) T FL A X b DN 35820 T A
HAXTE R B K W e A &4 . XAE— & B bR
T S IE Ry XX b DA Y AR B — S B R
A FE B — D IRA R A GRS BB 4518 .
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