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Fig. 1

Electric field changes on the ground produced by a negative cloud-to-ground discharge

(a. Whole waveform, b. first return stroke and stepped leader; R1: return stroke,

R2: subsequent return stroke, L:

stepped leader, CC: continuous current)
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Fig. 2 The optical spectrum"® of first return stroke in Xining(a) , Qinghai province, and in Foshan(b),

Guangdong province (left image is the unprismatic channel;unit of wave length: nm)
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Fig. 3 The electric field change waveforms and radiation source location

(a. the fast electric field, b. the slow electric field, c. the radiation source locations in azimuth-elevation format)

ik A AEN Y F 35 B LMA(Lighting mapping
array) T 2000 4E7E STEPS X1 5 By W 0] 3 i %%
B = N R R EAT T . 4 2
13BN — WK 2= PN T80 2o R T X8 7 1) i ik U5 S A 45
Ho TR A L AR A A R S A H A X
i s S 1 .- | Bl i 1 G s T 2 = RN L D 2
R A AT DX KF R RH Y B e B B R
Je 1 AR AT DX KPR R o T Y R A i
IR L Y S P R 35 ) SRR AIE & 43 S0l %k 1 T b R R
T SO R T O € = O S o e R AR AN U S
o BB AR AR T AR IE L X R
BHL AT X Z ] R A A A SO i . 5 OE R

=N AN R 2 R = N i e R T s
PR I G LA DX 2 (] RS R R A R A X 1)
T F A XA
2.4 MABREESEREFMLFHHE

Hh ] R 7 b DXORITAE T 3t DX 673 DA 2 5 A R
IRAEIE A FEAIE 1 R A AR 0L, (EL 2 B % ol 3 6 A3 Mk e
f1 b ) ] o 08 2 A S ) AL 0T A6 R
FH s AR R G2 (1000 /) FIPR 18 R & 3722 1k
00 S A5 LI T BN T M R TR 14 2 4 TN R AT
TWESE s S BAAEAR 22 08 M e rL i A o 1) R OB G
TA A REH R R I A AT RS A AT A AT
FACH JUHARP 9 Z A Kt ] o B . AR A



539 AT 55 TN R R R A AR v AT S5 A I 649

14 (a)
12 - T e - -
Eh IFH' b e e B
= 8 3 s 2 2 ! i
< b i, P R g e e
4
2 =
15.60 15.70 15.80 15.90 16.00 16.10Time(09:52:00 BST)
14 ) 14| ©
12 12
E s I Sy ;
< 6 _’:;1 ; S 6
4 i 4|
2 2
0 10 20 30 40 (km) 0 50 100 N
70 70
(d) (e)
60 60 *
Gl
&
8
550 50
2]
o
i
z.
40 40
30 30
0 10 20 34 40 2 4 6 8 10 1214
E—W distance (km) h (km)

B4 — R T 3 AR e LI 45
Ca. [NHL VHF 45 55 I8 w22 B [ 424, b S8 SRR TE R b7 m B R8s, o ST EEHE (D
Wi v 2 1 LT A3 A s . R ST U ST T B R e R AR Y AR VG O T )
Fig. 4 A typical normal Intra-cloud discharge
(a. height-time plots of the lightning radiation sources, b. north-south vertical projections of the
lightning radiation sources, c. height distribution of number (N) of radiation events, d. plan views of

the lightning radiation sources, e. east-west vertical projections of the lightning radiation sources)
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Fig. 5 A return stroke with four ground contacting

points observed by high-speed digital camera
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Fig. 6 The time evolution of average surface electric field (a) under a severe thunderstorm

(the up arrows representing the cloud-to-ground flash) and the flash rate (b)

WL 2 1Y 75 6 e R 22 0 o LA =Rtk i
SERCIEAE v o L | ol S A S Rl PSS SR 2 R )
DX fE o J R 2% TR B B4 L R A DX B R VAR 4 X
U B = A S R 2 IR R 2 5
25 PR HL R 200 1 T R i
3.2 AEAEREFEAEENBERUFR

AISER PR VY3 i e et T YA RS
T3y BE- R A B JF BB WY TR 2R A
LKA 1Y IR 28 0 A R AE R IR A T
P/ ST/ NP N ST INE N3 TR R S S L 9
Pk, 26 A HHR AL 8 OF #2) 7 KRB B 72
BT WL 16 W RO R T L BIBR 2 3
T3 R AL D7 R KR T B L A% K L) EE K

B 5 7 B 22 A0 3R 51T 45 K ) Ha A VR B AR
i B s BB A T B 7.
Brp BB R T Hoh 3 MEBR R R
BE T, b i RS AL RAE A, F A 3l DX 38, 55 4
1 45 S 2 W B % T J3E R v )23 1 1 A0 o) 8 B X 1
ZHT S T A & 2 H B ER A F )2
EORAETR VBRI v R R AR B 1 IR AG. X N AL 55
1) B % 2 P SR 1 H A 45 40 5 35 1) G R Bz %
SR 10 B 2 BB A L T S 4 5 A o S 2 Il L
MR =R M T S50 . R RS T M X T2 S5 1R
AHaE TR A R RE (CAPE) &k, 3 1F HL i IX 1
o Ve B LR 32 0 L A FR far DX H O R B AR T (AR
P 235 4 B 5 o D X 5 N RSO BE RN S X R



5 4 AT 55 TN R R R A AR v AT S5 A I 651

55 2 T e JRE ARG« v S it A0 A 45 4 S T A 5 B O i IX
JREEATE A T Wi Z (8] 2% 22 B LR = A
VAT AE o I B T HL A 25 R AT — i 1 R T Y
TR Z A BIAR G L 2 R B A R E
ST o A AR A L A 45 R 6 L 14 P T 3 R R A
R U SRR A 6T L (1 R J2 - R4 A e /)

4 NTBIE N

P N 51 A N e 7 5 5% 2 L 3 B0 85 R A
FH— 7 92 B Mt » N kg i 7 5 — 415 A2 3t R i
IR] fh R DA R 22 o T | R DA A T R fh K 7 2, —
Tl by A 2 ik 5 T 3 B 1) R B 2 R S A R
A4 22 KT N 51 8 5 3 o5 — R AR O s Hp fjk
B A IR A A < T 22 00T S S B AR M
7T s 30 e — B A 2 001 K 9 4 2 i e 4 R T
Bk H 1989 AF LU, B B T 51 8 & K #i
TEH [ H IO A0 AU U IR BB L T
R IH AR PG RIS L L AR 3 M S5 A T 3 X
51 50 KU
41 HEBAGAFTEEREZFHTAISIZNEN

FHE

XA [ 3t X9 N T 51 5 52 36 B R BE g A B

[ R 5 A AL T N 5] S DN R A T Y 2

St b gy N fh A I8 A Il R A

15

9703
10| ® 9704
St M
= 0 i L 4 R 4
i !
~10}
~15
15:43 1553 16:03 16:13 16:23  16:33(BST)
700 9703
=350
Z
0
1 1 1
0 10 20 30
0 (c) 9704
z T
=0
-10 0 10 20 30
Time (ms)

B7 0 HOR P N 51 & IR LI 15 4% 2 b T 3
Ca) 117 10 391 (¥ 380 3 S 95 b, 97 D8 T2
(b, X R 23 5] 8 77 30 e X R TAE g 5] 07 20D
Fig. 7 Record of electric field evolution during the
lifetime of the thunderstorm (a), and the current of

two triggered lightning flashes (b,c)

()
)%

N

P
|

=2\ {L;::,.

B8 AL G ik % 75 3K Ca) A2 o fh 22 05 5 Cb) 78 7 B T 8 B 5 51
F1 79 K DA L i L o R R 4B B 29 80 )2
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80 m from discharge channel by using a kind of classical triggering technique (a)

and by using a kind of altitude triggering technique(b)
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Fig. 14 Distribution of CG flashes superposed on two PPI scans with a time interval of 10 minutes

during a typical hailstorm (‘+and "— * stands for the positive and negative CG

lightning within 10 minutes around the radar scan time respectively)
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STUDY ON THE CHARACTERISTICS OF LIGHTNING DISCHARGES
AND THE ELECTRIC STRUCTURE OF THUNDERSTORM

Qie Xiushu

(Cold and Arid Regions Environmental and Engineering Research Institute ., Chinese Academy of Science . Lanzhou 730000)
Zhang Yijun

(Chinese Academy of Meteorological Sciences, Beijing 100081
Cold and Arid Regions Environmental and Engineering Research Institute, Chinese Academy of Science, Lanzhou 730000)

Zhang Qilin

(Cold and Arid Regions Environmental and Engineering Research Institute, Chinese Academy of Science , Lanzhou 730000)
Abstract

The recent progresses in the study of the physical processes of lightning discharge and electric struc-
ture of thunderstorm in the last decade were reviewed. By using the self-developed lightning detecting and
locating technology with the high time resolutions, the characteristics and parameters of the lightning dis-
charges in different areas were obtained. The observation experiments on the lightning activity was con-
ducted in Qinghai-Tibet plateau for the first time. The special characteristics of the thunderstorm and
lightning activity were revealed and their cause of formation were studied by using the numerical simula-
tion. The theory of atomic structure was introduced into the study of lightning spectrum,and the lightning
spectrum in the bandwidth of visible light was recorded and identified. The technology of artificially trig-
gered lightning wan altitude was developed and the measuring technologies of the optical and electric signal
under the condition of rigorous electromagnetism were resolved. The results observed show the optical and
VHF radiation evidence of bi-directional leader propagation. The experiments of lightning protection were
conducted by means of the artificially triggered lightning. In addition, the relationship between lightning
and weather and climate were studied preliminarly.

Key words: Lightning, Thunderstorm, Charge structure, Observation experiment, Numerical simula-

tion.



