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Abstract Based on the lightning location detection data, Doppler radar data, and synoptic information, this paper
presents the lightning characteristics of a typical mesoscale convective system (MCS) in the north of Shandong Prov-
ince on 1 August 2005. It is found that the negative cloud-to-ground (—CG) lightning is predominant over the posi-
tive cloud-to-ground (+CG) lightning during the whole thunderstorm lifetime. At the dissipation stage, IC (intra-
cloud lightning) /CG is 2:1 within the detection range. And when the electric field changed greatly, the lightning
happened frequently. The CG lightning mainly occurred in the regions with high values of convective available poten-
tial energy (CAPE) and surface equivalent potential temperature. The comparison between the location of lightning
activity and radar echo shows that —CG usually clusters in the intense echo region with high reflectivity (=40 dBZ),
while +CG usually disperse in the weak echo (30 dBZ - 40 dBZ) region. Relation between the cloud-top brightness
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temperature and the CG lightning location indicates that most flashes occurred in the area with temperature lower

than —40°C, while the +CG lightning clustered in the region with the cloud-top temperature between —40°C and

—50%C. The comparison between the wind field retrieved from Doppler radar and the location of CG flashes indi-

cates that the flashes are usually located in the cyclonic shear or wind shear areas which corresponds to the intense echo.

The CG flashes are easier to happen in the stage that updraft reaches the maximum and downdraft appears.

Key words cloud-to-ground lightning, wind field, radar echo, mesoscale convective system, cloud-top brightness
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Table 1
factors and types of CG lightning in the severe storm at 2000
LST 1 Aug
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Fig. 1 The location of cloud-to-ground (CG) lightning with convective available potential energy (CAPE, units: J/kg) and equivalent po-

tential temperature (K) at 2000 LST 1 Aug 2005.
lightning (the same below)

“—7” stands for negative CG (—CG) lightning and “+” stands for positive CG (+CG)



X " B ¥
Chinese Journal of Atmospheric Sciences

98

34 £
Vol. 34

SN 2 N HLRRAE AN DN F AR P GRS AL
] RETE— 8 2 B I R 22 52 ) HL A i A (Carey
et al., 2005; Carey and Buffalo, 2007),

4 FIREXR RGN EERERHE

R EE XA 2R Gt Y 3t (R R AR AR AE
SRIR I DA R S RE 4 HH 7 28 X L P e DA AR
GHFRZBINE A =N BIE—EFE FREE
Wit R AT TG ShARAE . M A LR T T
A MCS s FE RN 2 (8]0 A (I, K BAR IR
MCS i #2 b IN B 5 5 H R SRS 0
1117 1 3t PN i > HL A i

P 2 20 FH M A E A2 A5 21 A A A2 T 2005 4
8 H 1~2 H M MCS He A= fiiy st 39 7] () 3t P8 A KR Bt
ISP TR] 30 A o AR T s LA B DR v 2 Bk, mlRE
MCS %53 =1 BB, 20:00~21:30 J& MCS 9%
B, 21:30~23:30 A H M B, 23:30 LIG
DIHEATE BT B, MCS #A A iy 52 h A o
S, G PR RS ] X U 4 4R R )L
T2, RGEKREN B, IS AE W] Y BR
B IE . SOINARIE AL AT Bt N ik E
(L, 3L PRI R 114 5 R (L B AR I 221 TE AL T MCS
WSS R AR A B, B . N AR
TR RGHEA TN S R(E] . BEHE RS
TN 2 s> =T T
4.2 PREMARZMBREHSZMREHXE

TR IR A A TN 5iR 7 05 B iR B A
AT H ARSCE A MTSAT i1k TR KISk
P NG 5 = TUE B R AT /0. 1 3
ZiHh T 2005 4F 8 A 1~2 H UMK TLE =TS

160

4.1

515 30 min AL SN, S INE L] LA
21 BHLARRACH M G E = B w5, B
I . 242 K2k 100 km, H0 ¥ 25 36 22 JH 6 5
—60°C, Sefik —32°CH = B Mk 10 km?, ik
BN 48 £, EESAAMT —40°CHTE
W 22 B RGN BB = 35 AR B AR S ik, IR T —
A0°C 1) = TR IX SR B e K s 2255007 b D3 9% 4 1 R
FE—40°C 1 — 50°C Z 1] Yk B2 6 B K A IX B Py 5 23
BGOSR BT RGTF I H M NS
WD, (AR o A A S R B R Y X, 00 B
RERBANE, SLRALT —50°C 1 I IT 1R
TR B3 A LTI
4.3 FREMRRSHMNENSTERBEN
Bl 4 g MCS AN [ & Ji i B 7 s 1] 555 1l DA 7
SINE . FERRER B, KT 30 dBZ (1 1n] 38 2 55 1
UL 250 km?, 21:22 (& 4a), #REIPIX (40
dBZ) fErfE MCS B3l J5 n) iR 2% . T HIN A b 4
AT 3R [T DX A G . T R [ DX A i 750 e A
PRI AR5/ HA3 A Ff it » 1 b DA D0 2 A2 b 53 A
FEXIL R GERTER I 2R 2 [ K3y (<Z30 dB2) .
RGN BB B . TR I8 [l I 1 i R 30, Y5
Pk, AP R LR XTR X . JEER R
TEEZAR S X o XA B B 2 1 AR EGA 31 e
HAIT B, 22.35 (& 4b) . I JLP 3 iEAEsR
[l 38 NS s U HAE 2R G5k (0] 9 DX A A6 5 17 1E HB A
BOEARAD, D EE RS G E R B PO N,
23:17 (40>, sRELERTERN M AR ITWT L, 1
i AEICER /L I F2 AT T IR R P R X3 I
i TE DN BRI H 3 A FE AR PR R K 138 XN

1401
1204
100
801
604
404

—CG frequence/(5 min)™!

204

Y
3

—o— —CG
~o- +CG

~+CG frequence (5 min)™!

2040 2120
1 Aug

2200 2240

—iil : ; Sor—or— ()
2320 2400 0040 0120 0200

2 Aug
Time

Bl 2 20054F 8 H 1~2 H MCS KAERF BB 5 4380 1E Gt N S5URR A (] ) v 2
Fig. 2 Evolution of flash rate of +CG and —CG per 5 min in the mesoscale convective system (MCS) during 1 -2 Aug 2005



13 R ARG ARAb—U b RUBE XTI R 50 HH B0 TR FL T SRR S 5 o B 3l 1 R i R R ST
No. 1 LIU Dongxia et al. Evolution Characteristics of the Lightning and the Relation with Dynamical Structure . . . 99

39.0°N

38.5°N

38.0°N

37.5°N

37.0°N

36.5°N

36.0°N A\ Z X

35.5°N & ? -

35.00N Lt SRR f‘é 3 2100 LST

115°E 116°E 117°E 118°E 119°E 120°E 121°E 122°E 123°E

39.0°N 39.0°N
38.5°N 38.5°N
38.0°N 38.0°N
37.5°N = 37.5°N
37.0°N ‘.{ 37.0°N

) 2300LST

" = = Y
E = ~,‘
g - - ol . o
14; <

2400 LST

K3 2005 4F 8 H 1~2 HZT5EiR S HIE 30 min AMBIN Y E N

0°N — . ' : 0°N? ; r—— -
1ISE 116°E 117°E 118°E 119°E 120°E 121°E 122°E 123°E  115°E 116°E 117°E 118°E 119°E 120°E 121°E 122°E 123°E
e — —
—60 —50 —40 —30 —20 —10C

Fig. 3 Cloud-top bright temperature during 1 -2 Aug 2005 with CG lightning within +30 min

R AT BB » 00:30 (J&] 4d) , 38 1] 705 Bl sk
AN SRR BT, AN BRI b, B
Hi A7 AT, T3 Bty (540 dBZ), TE A
BB A RN, S ERE MR 2 K T Y
4.4 FREMBRSEHNMANENSZARIGEN

KX F

R T RE T A DN HL TS Sl (1) TR R Bl T 2
FFAE AR SR B 22385 0 A 1 I T XU 6 3] i TN
a5 HEZ o NAKERIG LR, KRR
Sun et al. (1996) ZS7 ) 4D-VAR [Afb&EE:, FH
A TR IR AR I RS BT R . 18 5 W RSE
DA 20 64 7 38 BT 560 3 ke 185 JBE Ak 7K S XU 1Y
BN, KL AR FE M R PO A RE R o (R
Hh KGR HLS SO DD AR 63 el J&] Bl A7 A
HREEDIAE . IATE. Fa A AR HEL, X2 K3z s R
BELEA SRS S A H R IR R (KB
&, 2004) o PUASESZ 1 5 el 3 b 48 S A A D
A5, RN R YA . X R S kB, M4

HM AR 2 A E YIS — M B A XU R
IR T PG RV 202 40 35 813 0 P B 1 K%
F PG 5 R 2R b o 3 DY) 25 000 A 78 HAKCE K
BRI I, 21: 41 Bl 3 D L0 YR,
| 15 RN S ! N o P = 2 9 i o S T A VA R
Zor AR AR P A% . M 22:41 (TR
FRFTLAE WL, SR 4 AL BoRRg B, i X3 W]
ARG ARGy LR A BEEY AR, R R R
STEMEYIAS 10 A B b A = 43 A 7R 3 [ )
B HA RSV A X 3, 0002 K7 7edb B
588 [T 38 o0 R B R P R S AR i KU D AR L b A A
ZOr AR I, KD AR BH g 1 DX 3 B A U
RF TR, EET M AR SRS, 178
R SIVE T T R FREE AL K, i R B %
RN o

K6y 21:42 F1 00:06 I ZI R G AETT (i fA
2707 1) b W 2 BT A E X3, T T Rk
SRR 2R IG 3 404 N £ 5° % A N, BT



P 34 %

100 Chinese Journal of Atmospheric Sciences

P4 2005 4F 8 A 1~2 HIOANIUCHIIG 3 708 N R IS LA SO R S IE St N E LA . 7 [ 4 el [a] Bl 50 ke

Fig. 4 The distribution of combined radar reflectivity with superposed CG lightning within 4=3 minutes during 1 =2 Aug 2005. The interval

between the circles of radar echo is 50 km
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FEG BT UTI A 2 TR A AH DX A [ 257
L@ HUK R AR BRI 22, FeE i S oR pLIE
AT IR THUNR R AN, TR KP
WIS 5 b TS R3S LT DA S DR T4
R R PEHE .

DR F i A B s ik e AL 228 kg 2= v A Bt
P i ) R P 5 Pl 2 2 PR L i A 1 R R 3L
TN &AL RORS . BHET. BRXTE
o WIE A LE IE A W ML e GRRES,
2007; FEHHFESE, 2008), fHEmIA R IR
VKA PR Rl 2 e L PR SR AS 25 . A B R
T S L BTRR B K B BBk . oK i AE SR [ AE TR
i E7 2 = H B ff 20 A JE B, (Carey and Rutledge,
1996; Lopez and Aubagnac, 1997), i~ FZH
WA X, MiE# N Z 8 kAT ER B, E

B R T 5 I AZ O 1) 2R 25 B K DXk X 3k g [
BT s T LASRXT R 2R 2 X% A 1
INEIRIEEHLH] . Carey et al. (2005) 434 T R
KRG NS SHRHE . A TR B X 8o =
Wtk g A, Hor E B O AR R AE 4. 5 km Al
9.5 km &b, Tt far H T 6 km AL, {HXE
TR B X ) R 2% . B IE LA X 5~6 km,
HRER S A B T X 7E 3~5 km, N EBAETE A B9 IF
HLff X (BKRAE B 25, 2008), REANEEE ST &
HH L ap 3 A i L (L 2o 8 B 11 T % 2 v i 0 A A
VAL LA T Y 53 v MCS 3 75 o £ f 7 X0 PR 4%
Ko HOLFEHBERRAE, 1 o7 X 31 T 2%
ZIEEBECH: EAS, ARk XA S AL R . TR
H i X X6 L o 177 2 R A X 67 B AT X5 i
BERTHRR R . S 55T HUIE D, SEGEHIN
RAEBHED,

AR SCALET K — 1k RUBE X R Gt T LN
IENFHIE X 53 1 RO R, ARG AR 38 3l 1
ATy BB Z (AN — 2 UE 52, (HJE 2 T B IR
LLTS-MCS 3l J 25 ¥4 i) iy 38k v LA K DA | 36 31 A B
BUPE, M 222 )b 78 5 DN LT Bl A OC &R 5 TR A T
ST ERVIIFR B T — 2oy b 25 L . T HATELZ B
PG B LA S = WHLAT 3 A T Ol BN BE 4T
HIA X UGS B TP A N LIS hRRIE . A )5 . s G
FL I FIRE - R 2 ORI, 1) rp ROBE AR AR 4000
Tt 72 0 1) FELAT 43 A DA PR T B ARFAE
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