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Abstract The data from the Doppler radar, SAFIR3000 lightning location system and high-density automatic meteorological
stations observations are used to design a variety of radar quantitative parameters and analyze the evolution of cells structures.
the lightning activity and electrical vertical structure of the severe rainfall cells structure in a Leading Line Meso-scale Convec-
tive System (LL-MCS). The relationship between convective cells and f-mesoscale LL-MCS is revealed. The conclusions are as
follows. At first, the four cells (Gu’an in Hebei, Shunyi and Fangshan in Beijing, Baodi in Tianjin) in the single squall respec-
tively brought rainfalls of about 23 mm, 50 mm, 27 mm and 70 mm in one hour. In the Fangshan cell, two smaller monomers
were merged. The cell of Shunyi was followed by the other cell. In the Gu’an and Baodi cell, their development is related to
LL-MCS by feeding and swallowing. Secondly, V,, (40 dBz echo volume range), Vyups (40 dBz echo volume above the height
of 6 km), Sgri; (echo area range at 11 km level) could describe the 3D quantitative structure change of a cell, and F,, (CG light-
ning frequency) and F; (IC flash frequency) were closely related to the radar parameters, such as its correlation coefficient with
Viours being between 0. 63 and 0. 97. The flash frequency of IC was more sensitive than CG to echo structure change. Thirdly,
the height of the radiant point maximum concentration area in the Gu”an cell was below 6 km, which was far lower than the
other cells at the same stage. At last, the feature of lightning frequency of CG and lightning frequency of IC increased with the
main positive charge area significantly lifted after the merger of convective cells, and the characteristics of the lightning frequen-
cy increase showing relationship with the rainfall intensity increasing as well as the lightning frequency peak leading the maxi-
mum of rainfall intensity have positive significance for warning of disaster weather.

Key words LIL-MCS., y-mesoscale convective cell, Structure evolution, Radar parameter, Lightning activity
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Fig.1 Schematic diagram for calculating the radar parameters

using the radar data in the orthogonal coordinates
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Fig.2 Horizontal distribution of the echo top (shaded) and IC lightning (sign “+”) from 05.:48 BT to 07.48 BT
18 July 2007 (Time interval is 24 min. Pink panes indicate Shunyi severe rainfall cell.

Red panes indicate Fangshan. Blank panes indicate Gu’an, and Blue ones indicate Baodi)
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Table 1 A survey of the four severe rain cells in a squall line from 05:36 to 08:24 BT 18 July 2007
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°l 23 Shunyi cells at 06:00 BT, 06:12 BT and 06.30 BT,
4 65 (f) and (g) are Gu’an cell at 6:36 BT and 7:24 BT
2 H 70 Red dashed lines represent the range of LL.-MCS,
38.99°N,115.75°E 39.21°N,115.99°E 39.43°N,116.22°E pink. red and black squres represent

respectively Shunyi, Fangshan and Gu’an celD



1042

4 %5 R K A Y 5 A TS TN LS B Y
KA

4.1 BIEBE Vo MABEREHE R

HI %5 2 5 AT A Vieur s (R XS P HLRTE 6 km |
i 40 dBz 58 19k AR R #E — R b e TR
RIEWIRERRFEEE . B 580 BT st B 4 A~ Bk
W Viours 5 Fio JFo I 8] P51 A8 A A OC R B, #E)
SCHR R = 0. 772, R, = 0. 63; 7€ Ji5 1L B A
R.=0.819, R, = 0. 874; 7 [ % Kk v, R, =
0.952; R, = 0. 929; 7 HE ik, R, = 0. 974, R,,

280 180

200+

1204

Total number of grid points

40

05:36  05:48 06:00 06:12 06:24 0636 06:48 07:00 BT

2500 300
c)

Vaour—s
o f
i
r 200
1500+

r 100

Total number of grid points

0
08:00 08:12 08:24 BT

Lightning frequency

Lightning frequency

K2 2013,71(6)

Acta Meteorologica Sinica

=0.894, A WL, AHC REOITE 0.63 LA b dx i ik 5
0.974, Bt #i iR B AR S5 48 AL 1 B A S i Viewrs
5N USRI 5 R D) . LR BT xR e ]
BE— 38 1d Vigurs 5 Fio JF o B R BN BT 3 5
X ARG AR E R

JI5i SCH A AR 05 B 54 43,06 B 18,42 43, Vigurs
B2k B BLARA (E da)  XF I F BRI R H BLARA . ]
U2 TN 6 BR A FR B 5 30 6 ke 35 BB AR AR AR /N
FKRBHEY] . £ 06 BF 18 43, H B T A 45 0F — 4 i
R — W F. 5 F, 2REMER.

800 140
(b)

a
=
= 6001
a 1100
T 5
= =]
o0 o)
o 2
3 4001 =
-
& re0 g
e £
g ®
E 200+ Viour-6 —
8 6——=o i
) =k r20

0

05:36  05:48  06:00 06:12 [06:24  06:36:  06:48 BT

2500 400
(d)

— Vaour—s
2 oo F
=} L
é —aF, 300 .
= 5
515007 =1
o =
© F200 “:0
.
£ £
g 5
=} =
= 20
e F100
S 5004

0

06:54  07:06

07:18  07:30 07.42 07.54 08.06 BT

B4 W () B il (b) V& 2 (o) VEHR (D AR T IE S i Vigues F1 25 INBUEL Fic B INSEL F o B9 105 8] F 51

Fig.4 Time series of the radar parameter V,oups and frequencies for IC and

CG respectively in Shunyi (a), Fangshan (b), Gu’an (¢), and Baodi (d) severe rainfall cells

B (AR Viours 1 2R 06 B 12 43t BLARAF (]
4b), XFHE & 3a.b AT AL, B G 2 A4S B A S
Z0 )5 Viours HZEPLH B TE, IE7E 06 1 18 43t B
UG . HT AT R AR O S HE RS K R B AE A TR
], iR 6 km DL BB FE A RE. X5 AR5

(2011b) , B 5B 45 (2012) By WL 352 — 5, Vieurs
£k 06 B 36 43 LI A L 4 Lo B i [l 3 T ey 1R
(LB AT BB B Ll FLR YA B 2 S0 B 2
BB i B B AR 6 km DA AR B R AT 5%
1. fEHAR TR e Viours lT 2R BUARA 19 06



Iy S 4 SR T RUBE O I 2R G P 20 A 5 g K B Y 5 4 9 I DA v Bl R

B} 12,36 43 Fil = W 1 06 Bf 06,18 435 4 A HF 2% 22
JE HY 612 min Y%7 BLAE FIIE(E . BEH = A
sV 5 T X Bk 6 km DL ERYS5HY 2 4L .

Hi &l de Al DL 76 [ 22 SR TR & N VI8 2
DN Y Bl 7 0 I B R R 2 A Y B (07 1 00—18
30 DA RO i B 0 KRR T 0 22 5 A ek 5 B B (07
f 48 730 L INHLIE S5 . n] Lz IR (o) ATt
NI CE )5 Vigues HR PR 5

& 4d mf DL, SR AR AR 07 B 30 53,08 B,
Viours BNER HH BL/NBE B T Foo L Fo M 26t 48 1 Hh ke
Ko BE— 25 Ui W1 TN HL 3 3 AR R B B 32 X O R 4R
6 km LI EZSH AL B R WA . fELAT LAY 2 . AE 08
mf 02 43 EHE A G ulic 5 i e 4 (RUk
T AL IR XU Ta) S8 KU RIS ) 5 i 28 /)N 1 5y

16 160

o= F

(a) 160

—_
[}
(=]

oo
(=}
Lightning frequency for CG and posiave C

Height (km)

Lightning frequency for IC
.J;
(==}

(=}

05:36 05:48 06:00 06:12 06:24 06:36 06:48 07:00 BT

1
20 150 300 500 600 800 900 1000 1100
1 300 1120
e—eF‘C
14 i
. positive F,,  [250 100

12

53
[=3
(=]
0
[=}

Lightning frequency for CG and posiave CG

— W R LN 0O O
v 2

D

(=]

Height (km)

Lightning frequency for IC
- T : . :
(=]

[5%3
S

)

07:00 07:12 07:24 07:36 07:48 08:00 08:12 08:24 BT

—] [ T
200 400 600 800 1000 1200 1400 1600

& 5

1043

JE R HAM I TR A KA T — IRt

IEA b o3 A 45 s TN G 3 5 5 3K S i Viewes
AH AR 5 Viours 1B 47 M SR AE T X5 37 B4R 19 & ¢
FOEE G AS AL RAE 76 SR I F0 2 A% 0 Y I 20 L AR
6 km DL EARBUG IR FAARAE . NG S A 75 )G T8
PRESH ALY S, 5 1IN AH LE 2 AT 3l B O UK
o L A
4.2 BESE V., MABHHHXER

TmiEZ R Vi [ARMBE P 40 dBz {5 AR
T TR K B 5 8] P S R AP R ZR K& .6 min
W Vi 7E— & BB b RAE 13X — I B iy B &, |
Wif T 2 2

[l Sa—d 43 5l 2 4 A5 B K SRV, 5 B
() 73 A1 F 2 DA S 3 DA X 3t DA 35 ARSI (] 7 51 g AL

16 160 1609

(b) 6—o Fic ©

14| —F, E

+— positive Fy o ‘g

12 120 7 r120~

— 5 g

=] = =t

£101 gl o

2 94 gl ©

& g/ 80 180 &

k2 5808

= 71 = 3

61 & g

5 1 é %

S|

3

2 E

13 =

; ; : : : . 0 Lo .o

05:36  05:48 06:00 06:12 06:24 06:36 06:48 BT  —
100 200 300 400 500 600 700 800 900

16 400 1209

@ - op S

14 - ch %

= positive F, o[ 100g

1] 1300 =

— 5 b

=} “=r80 =

=104 g o

£ 9] gl ©

o0 g %—60 5

Q fh=r]

= 7 & -

6] Zla0 5

5 g% 2

4 & &

33 2120

=}

2 g

! — )

07:30 07.42 07.54 08.06 BT  —

06:54 07:06 07:18

— |
300

[ T
800 1200 1500 1800 2100 2400 2700

N SC Cad 55 1y (b)) (822 (o) IR (D) LR I T A 2 ik Vi (B EE S UL - RS AN B0 T BL2> A

2 DRIABUESC DR A3 T b DR 3 50 g A8 IR L AR B 67 < 4> /(6 min)))
Fig. 5 Time-height diagram of the radar parameter V,, (shaded, unit is number of grids)

and the evolution of frequencies for IC, CG and positive CG respectively in Shunyi (a),

Fangshan (b), Gu’an (c¢), and Baodi (d) severe rain cells



1044

(1) PR L3R 3% BRI 55 Vg 189 AR DXOAE X 1z o B3R I S
B CE 5a) LAAN B Vo 3K o IR H S350 25 R i 1
ZtaH . LU LI B A SR = AR R OR &
JEMTE BR o (2) Vo 1 R AR A0 3 BUAE TN H BR 3 s 0
B 22 )5 U0 BH B 5 5 7K 37 TN R Pkt 34 22 g e
2ZJ& . Rutledg % (1988) ,Holle 4£(1994) | Soula %
(20071) 3,45 ¢ TR IR Ho, e {F 8 T 3 7K 5 32 06 BT 1) 2
% . Williams 45 (1989) 7k X 4245 (1995) 1A K [N HE
) B g8 Ak i3 J) i B RGO (R
BE TS Y DKL 14 il I 38 < o AT o R i
KI KA. FEE Sa o Vi shuts H BLALE TN B 35 3l Y
U 55 00 % WY AE TN H 9% 20 9 553 B AT AT o BB K
(3 Vo 1Y AR 0 T AL 55 BE B 7E 3 ke BRI . 330
G2 B 5 [ e A FEOR B A /K o JE R ik
4.3 BEMKBRGNFTEBRFTRMUENTHIFME
A 43 A1 5 DR F 0 8 5 0T B AR 485 g A8 A 1Y) 5%
F AR N L TG S AR KRR B2 B IR T = ML fif 2
45kt . T 52 SAFIR3000 1 48 5 5 % RH e 3 B 5

18+ =800

5]

= =
e Z
= %
oo =}
-5 [aN)
e e
200 5

Develop 1 Mature | Weaken 0

05:35 05:48 06:00 06:12 06:24 06:36 06:48 07:00 BT

1400

8

= - 1000E
£ g
z E
] 600 'S
= =
—~

&}

200

05:35 05:48 06:00 06:12 06:24 06:36 06:48 07:00 BT

Acta Meteorologica Sinica S 2013,71(6)

If) b o 3R B T PR 3 B BIF 5 4 B R LA R L H
SR B R R R T L R T S A A, A
MR EW ., X—FE R FIEHE A XTESE, ®H RN
FL, 3 T 114 R T T o 5 L 25 5 I 31 ( Thomsa
et al,2001) . T X [] 515 3 1% 4 455 784 35 B L IA) W il T
F18 70 A 1 o 25 bk o 2B B 2R AR OE H e X (R SCAE S
2002) , FBHRAE (20100 F %X — 17 B /R T vk B
TR TE & J WE S I, 2 I fL £ X3 B2 SR AR A T L IR A
N IX o S SR . IR 4 AR FEK AR, IR
o DX e 8 Y A 19 00 S A e 2

T2 B T AR T A B A A B B . Sern K
JIN B T 5K I B 1 R e R T HCAE R R e X O B
S X AR R R FLAR B . FEH S 2 AR X R
B R B BE s S B4R 3 3, 150 B X O B 1A
FE R B o VA (R B3 i B 6T 8 B 0A ) 2035 3 HE %, T 1
F WG U SR A AE D 55 I 0T . AR Ser il 22722 1k
BORE A5 5 R K AR I A i sk R o A TR) B B

N5 SCEAA (&L 6a) | B 1L B A4 C(T&T 6b) N Y T2 TR H

18 800
16

l —

14+ i;a

g127 2

E 10: ‘é’

o g g
5] |

T 6] g

] 200 5

|
|
Develop I

Mature ‘ Weaken Lo

06:48 07:00 BT

:35  05:48

06:00 06:12 06:24 06:36

‘(d)‘ 1800

._.
S
=)
S

b

(=1
Grid point number

Height (km)
=
(=]

D
[=3
(=}

[55]
[=3
(=}

Mature Weaken

05:35 05:48 06:00 06:12 06:24 06:36 06:48 07:00 BT

6 8 10 12 14

K 6

16 20 24 28 32 %

MBS Cad s G 1l (b)) | [ 2 (o) SR (D iR B 7K X8 3 SRR B Sy CHIER S B0 - P A A £

TR S5 w5 BE T 03 AR T LA A (BIRE ) 19 T A

Fig. 6 Time-height diagram of the radiant points ratio (shaded) and time series of the radar parameter Sgri

(curve line) in Shunyi (a), Fangshan (b). Gu’an (¢), and (d) severe rainfall cells



Ty SRPE A - 2R P RUBE X I 2R 8 P 22 4 5 e I B AR ) 25 4 A B TR v TG Sl 4R AT 1045

i DX R A 1 45 B B 2 A R R KO U TE R R R
Ul 55 B B R A A LA A A B E A L 2 A
RAE G

FHCHLAR (B 6d) P e B B B s o B 2 IE
H o X2 B G TR A, TR I B [ SRR
B Ll BRI, F20E AL AT X 4E R4 . iX 5 Hansen
5 (20100 B 251 AHARL , B 5 o5 fe K IX (R IEHL
o DX T AL 1 v R R S B R LA Y R R T T
R 55 T AR AT 1 e 4

SR 1] 22 A (&) 6¢) PN 1Y) =5 TF H A X 5 3 ¥
AR5 HA 3 AN BLRAS [ - 7E LAY B 3 IE LA X
YRR BAG R B 5 AR DS B Bt B 2 A R AE G
P, X5 (20100) 4% 07 19 VK & SR ik — 3%
(R o

5 4 &

) FH £ 3% 808 ik . SAFIR3000 = 4 [N L 5E v &
S0 Bl G ik A LI TR 32 B DR rp RUEE X
TMARGNZA v R 5% B K AR N B 9E X 4. 48
N TR ZEVBRRS Brh RIEZLR R RSENZ
PR .G 2R BT 2 A 1 38 2 i X S0 ) 2 ) Y AR
HEAT R S AL A F — 25 57 T X I B R ) 2 R T
AR N HLIE SARAE XA R, BRI TSR

(1 S B 1 22 52 38 O6F 300 SR A4 43 501 3 i
T 1 hFEF 23.50.27 F1 70 mm, 76 A8 o # s
5T SC B AR Ty — A ARGE I RS Bl SR AR A 2
AT /N B B A A R T 28 L 5 B 1 ) A D
RIEE B RIELR ARG LW IR AKX

(2) FiE S Viurs 5 N G 3 19 AH 56 PHE R
15 s Vigues AR U b FAE T X 3 B4 19 A i e 25 4y
ACFRE AR ARG O — M 2O B K 6 km
DL B R B K B R AE 5 T HL Y Bl 2 I R R TR
6 kmDL b2 A8 fb 5 AR K, A3 95 J5 T AR 45
FAE AR R 3 55 b DN T S A B S 2 IR sl AR A B
U, BEA TR IA S Vi B8 K A A B 50 o 1 K
PR FEL A T R IS 30T 5 V7 1 KL DX AH X6 7 o 158 B TR F
TG BB X = R B KRR R IEER. Vi K
B H O 1 BRAE T P R 1 B3 05 1 =2 0 106 ) o i oA 7K
AR DA R DR B s 2 ) . X2 i T IN S
Sl e T8 i AR Ak HL g 0 T R R
[Fi] B s T pKORE KL - 22 18] A4 Al O 38 4 BT in 32

TR R K B K A . Vo HRts HE BAE TN R 3G Bl A9 D 55
B, AR N HL T Sl s ) T AR K

(3) 4 A IR AR P Fo GRINSREO il Fio (&
WHEO 5 FREEXRSRMAERNN LR S
Viours BIFH I ZB0AE 0. 63—0. 97, T X Ui B 44 v Fig
o7 1) 2 EL 25 A B0 AT % Bk [ AR A A R R Y B
TE HL AT DX I 4R T 5 1 [ 22 A A B B B, T HL A
VA 2 [ R R /N o S S 0 S L= 1 =2
SR E R I TG S 0 0 RHIE B S R e R L H R
5 B T 8 9 KA HR BT B0 DK AR
IR 1 F 467 43 A R ALE

4 FEX ARG G, BB F Ml FoB 8
K F0F HLfef X B SR R TE A RRAE . AR LR v R X
L2 58 N T AR TE A JF R ] (29 6—12 min) 5{ £
ol B, Fo M1 Foo BB A L FIE AT X T
Bt 13X — R A AT B R B OF IS TN H T 2l RIDES 3 5 1
AEJE o TRV o DA P 5T 5 ) IBE 8 R 0 XoF o 7K iR 32 1
R KRR AR 1 PR A U

Brigh: st BB E TR B K R AUE K E S
B AR ML T Ik = PR HOR
2%k

A
iR

wu

T, 2577 J%. 2005, WA rf RS X R G5 9 W 7K 45 4 A AL
fE. K54, 63(3); 314-324

AT R L. 2011, B R b DX 00 1R 8 B R 3 4
P58 0T, B4, 30(2): 489-497

W&, BEH, DS, 2010 4Edb— R REXT R ARG PN
HTE S RRAE S S H B s D B R R FSR. KRR, 34
(1): 95-104

R, B, MR, 2008, — YRR G £ P AR 4 K R Gt B 1A R R
MR 2 AT, AR, 66(4): 621-636

EEE, BN 1983, RS RE R M. AR ¥ M. 41(2):
204-210

ER, BEF, AFTE. 2011a — SR W 8RR G
H RS 1 I 20 8k BR o E &G . R
%, 30(4): 1067-1077

FAR, BHES, BRIGF. 2011b. — W 5Ok [B] 3 58 % i X2 K & It
WREFE I« WL 80 ik SO = 4 X Hr. R4, 30
(4): 1078-1086

HREL, UK, R, 1996, T B A N A A AL A A ST
K1 :oWERTEmW. SR, 15(4) . 425-437

Gy, B Ak, AR 2009, AU RGP INE S 5
5 (813 TR (1 06 2 S B R AR, 4% . 35(2): 34-40

Gl KA, WKW, 2012, — Wi XUES fi R B 2 SR 0k B A
B I b BRI 43 BT, KRR, 70(5): 974-985



1046

AT/, BEFE R, REIE R4S, 2006. £ 3% i KA K5 5 0 55
A dest: KM, 314pp

P, AT, 2010, FEF TRMM TR — A 1 G2 1) IR v TG 30
B H 5 K S5 1 8 RBFSE. RAE#, 34(1): 58-70

B, R LA, FmE . 2010a. bt X 2 A AR A 5 T R K
MR R R, B AR AN, 21(3) : 287-297

M. 5K U, W SF. 2010b, —YRE A 1Y I8 FL R AE N e 45 A J
ARRESE. AR AN, 68(2): 248-263

o, T, FBELE. 1995, X AZ AR = & RIS B i &
AR B A R 0 Hr. W AR, 14(14) « 396-404

K LFE, WK . Krehbiel P R. 2002, 8 % i SO A F e 7
gitly. BhaEdR, 4715 1192-1195

W, FEL, AVEOFE. 2009 FEHE. duat. KRG,
384pp

. wH, WA, 2011, BRI R G POz I SO0 o3 A
KGRE, 31(1) : 100-106

B, WIS, BPSE. 2012, AR KRB BN R & A O o B i Al
Bl RSB, 36(4): 697-712

Dennis A S, Jameson C A, Koscielski A. 1970. Characteristics of
hailstorms of western South Dakota. J Appl Meteor, 9(1):
127-135

Gauthier M L, Petersen W A, Carey L D. 2010. Cell mergers and
their impact on cloud-to-ground lightning over the Houston are-
a. Atmos Res, 96(4): 626-632

Goodman S J, MacGorman D R. 1986. Cloud-to-ground lightning ac-
tivity in mesoscale convective complexes. Mon Wea Rev, 114:
2320-2328

Hansen A E, Fuelberg H E, Pickering K E. 2010. Vertical distri-
butions of lightning sources and flashes over Kennedy Space
Center, Florida. J Geophys Res, 115(D14), D14203, doi: 10.
1029/2009JD013143

Houze R A Jr, Smull J B F, Dodge P. 1990. Mesoscale organization
of springtime rainstorms in Oklahoma. Mon Wea Rev, 118(3)
613-654

Holle R L, Watson A I, Lopez R E, et al. 1994. The life cycle of
lightning and severe weather in a 3 —4 June 1985 PRE-STORM
mesoscale convective system. Mon Wea Rev, 122(8). 1798-
1808

Keighton S J, Bluestein H B, MacGorman D R. 1991. The evolu-
tion of a severe mesoscale convective system: Cloud-to-ground
lightning location and storm structure. Mon Wea Rev, 119(7) .
1533-1556

Lang T J, Rutledge S A. 2008. Kinematic, microphysical, and elec-

trical aspects of an asymmetric bow-echo mesoscale convective

KL 2013.71(6)

Acta Meteorologica Sinica

system observed during STEPS 2000. ] Geophys Res, 113
(D8), D08213, doi:10.1029/2006JD007709

Lang T J, Lyons W A, Rutledge S A, et al. 2010. Transient lumi-
nous events above two mesoscale convective systems: Storm
structure and evolution. J Geophys Res, 115(A5), A00E22,
doi:10. 1029/2009J A014500

Liu D X, Qie X S, Xiong Y J, et al. 2011. Evolution of the total
lightning activity in a leading-line and trailing stratiform me-
soscale convective system over Beijing. Adv Atmos Sci, 28(4) .
866-878

Rutledge S A, MacGorman D R. 1988. Cloud-to-ground lightning
activity in the 10 — 11 June 1985 Mesoscale Convective System
observed during the Oklahoma-Kansas PRE-STORM Project.
Mon Wea Rev, 116(7) . 1393-1408

Saunders C P R. 1993. A review of thunderstorm electrification
processes. J Appl Meteor, 32(4); 642-655

Soula S, Chauzy S. 2001. Some aspects of the correlation between
lightning and rain activities in thunderstorms. Atmos Res, 56
355-373

Steiger S M, Orville R E, Carey L D. 2007. Total lightning signa-
tures of thunderstorm intensity over North Texas. Part II: Me-
soscale Convective Systems. Mon Wea Rev, 135(10): 3303-
3324

Stolzenburg M, Rust W D, Marshall T C. 1998. Electrical structure
in thunderstorm convective regions 1: Mesoscale convective sys-
tem. J Geophys Res, 103(D12): 14059-14078, doi: 10. 1029/
97]D03547

Takahashi T. 1978. Riming electrification as a charge generation
mechanism in thunderstorms. J Atmos Sci, 35(8): 1536-1548

Tessendorf S A, Wiens K C, Rutledge S A. 2000. Radar and light-
ning observations of the 3 June 2000 electrically inverted storm
from STEPS. Mon Wea Rev, 135 3665-3680

Thomsa R J, Krehbiel P R, Rison W, et al. 2001. Observations of
VHF source powers radiated by lightning. Geophys Res Lett,
28(1): 143-146

Weiss S A, Rust W D, Macgorman R, et al. 2008. Evolving com-
plex electrical structures of the STEPS 25 June 2000 multicell
storm. Mon Wea Rev, 136(2). 741-756

Williams E R, Weber M E, Orville R E. 1989. The relationship be-
tween lightning type and convective state of thunderclouds. J
Geophys Res, 94(D11) . 13213-13220

Zheng D, Zhang Y J, Meng Q, et al. 2010. Lightning activity and
electrical structure in a thunderstorm that continued for more

than 24 h. Atmos Res, 97(1-2): 241-256



