5526 % 5 1M
2015 4 1 A

VAN IR S o 4
JOURNAL OF APPLIED METEOROLOGICAL SCIENCE

Vol. 26, No. 1
January 2015

EREH BB RO AF. 20112012 4R JH @ ) B i G AR S

doi:10. 11898/1001-7313. 20150109

AR S 2E i, 2015,26(1) - 87-94.

2011—2012 £ M S ERYERBEBFLERIT

TRV BB
e K 135”
P O AR A B,

Ry Fo"”
o Y BRARY

2% e | R ES 610225)

2)<EP’%?ﬁﬂ%ﬁ%[ﬁ%%%mlﬂ%ﬁﬁa@u%/m R BRI B 4 T AR S8 = L Jb AT 100081)
PO AR B LR R A R K PR U 5 344 13 5] Q8T 0 . B9 AT 210044)
YTRA P E LT 510080)

i

C:o)
=

ST FEAN [v] o JEE B S S % B LRG3 R R ) L 6F 2011 4R 7 1 —2012 4F 8 A T JH i g S 8 vl WL I K o AR

By & G O Bolg AT it e b SRR G R 14

P A0 Y L CH Dl SR P T D 1Y 3 A 2

ST - vl ST (B ol 1 37 e B AT S AR T+ EL S S0 A e X T 3 Ve (L ) 3 R A TR L 5 JE AR 200 m DL B

A S L T R U T 0 3 U A 1Y) LA 2 (2
%f%(ﬁ 14

FELE 200 m DUF RS B 2.4 6% B E S S R [l
5 2 W ARAE LI 3 AY 20 Yl 200 m DL R SR TR R LA 13 (65 %6) TF HL 1 UK IRl 1 G 3 D

TE H B S 0 (A H 0 SR I (R B4R L i b 200 m DA B @SR 14 E R A 8 IR(GG7Y0) HBLIZ 4 540 K
AHYTERPA 22 W (55%) K2 8l 75 H, 135 A 8] o [ F s 18] 49 JL AT S35 {8 2 69. 1 ms, 22 [l o & A 504 75 L
10 W45 %) H B4k 5 [l 5 A w3 W (R T i vk Bl w3 e A B4R

KEWR: ARNE; MEAY;: Fd; WA IE

DN FEL S — i AR IR L i A I 1 B A o v A Dk
w o T RS R E . AR BT
V] Il B 18 PR S S L 2% LT R R L R R R
S AR I SCHR L2 A SCHE 2 & BE Ol 24 m
LBy s @ my) ok 2 . BNSMREZ
SN ST R g R T e
Bermudez % % & 2 504 b A o AR P TR LR AR
A Sy T RV B 149 S O BEAT TR BT A AT
B 1SR 5 80 TOAE AL Fn 4% T 7 P URAE e R
PLYEH AL HE ; Baba 2517 3L F MTLE (Modified Trans-
mission Line Model with Exponential Current Decay

with Height) [A A o] ofy T2 F2 452 28 X i 42 K CN 3%

2014-06-10 Y& F] , 2014-09-29 Wi | F % & .

(Canadian National Tower,553 m) ¥ A B 9] o5 B f
it As o3 A A5 B o m 2 S (553 m) B A Y
P, 37 W {1 R ) i (L 435 b, 7 e T 17%) B P, T 7
ARG EE R 2.6 £, ol — 25T 45 R ik R
Y, SR R T 0 H e R Y T 3 U (A 4
VEFIAI o0 1 ] ) 7 v & AR AU 7 FEL U R L P
W35 W B AE AR AT % . Diendorfer 257 i B iy )
Gaisberg 1] (#4k 1288 m) | 100 m =¥ FA T B
T 2 AT WL & B0 A XF T e 5 JR] F 0% i R i L
RABRUAG B S LTI Y T AR A R R R T
20% . Hussein " BFF3 43 1%k CN # [ 75 B it
TR 14 FL 1 7 1] o O 1) B B L P 3 8 AL R 1 [ T
CN 3587 H i 2 1 W 1% 3 Inl o 3 O DKl od et e )
LU RN RE S 1) B R B, B E LA AR Y R
KFR L HT N B BEFE 2 L X A SR 64T T 0 Hr

W hI H . E R AR ST &R TR (2014CB441405) , [ K A SR B3 410 H (41475003,41075003)

* WEVEH semail; wtlu@cams. cma. gov. cn



88 MM A

% 4R

% 26 &

Xof T[] — il XA [+ e B S b b DN R AR B BF ST AR
D AR XS )M M DX 22 A A (R B Y e A
Yy - 3 IR B8 1 S B R A R AT GE it 03 A

J7 M 2 B 28 5 AR R IR B ML IX 22— BT
SV 0 B e T A A 5 L v R S 0 A AR X 4R
A TR R A A K A X 2
1951—2007 FEWHEFEHERHEH N 76.8 d, 8 T £
XYL A 2009 AETF b i R B AE B O BE T
Y AP RSB EAE) RE IR/ —ERY
100 m Yy @504 TR A 7 1 ) M e 55040 2 vl UL
¥yl ( Tall-Object Lightning Observatory in Guang-
zhou, TOLOG) B 1 Z2 WL 1% 45, Xt & AE 78
TOLOG B J7 [n] i 2230 ) b B 5 ol 047 25 8 WL
TS AR IO S E A U B R, AR SCRE 2011
2012 4EFRAG WG S R HEAT et o i s LA s T M
e S B B AR TN L B A R ALE

132 00 00 R 5 e 3 B

FET N v S TR ULt 56 v o 0L i
N2 Bl B AR AL = AR AL L ) R
WA RPN R B R g
WA RL I KL . #hi KR h 75 Q [A) %l i 48
F Rl 58 100 Hz~0. 5 MHz, K3 1 i FLD
30 cm X 30 em, f HYEE Sy 10 V., HigA84k DL &
1063 75 Ak B4R 35 R Bl DL750 7% it 28 W) 25 R 42 470
RFERJE 10 MHz, il SRR BN 2 s, Wifil & 75
40% ., [EIEE A 22 56 KR B OF J& T %t 5 A I IR
I TR IR AT L. AE R A B 2L AR R A
FIFH T T 7R ¥ 07 TN P E 67 3R e 45 30 1 DN R R A I 67
BN [E] U (R SR R A A T AN ]
ALY bR G S 0 O R AE L AR SCIE R 2011 —
2012 4F 40 YK AE L1 TA 122 1 7 B R0 e [ < k8K
0 v A SR T R AT A3 BT TE A E R HL B b R AL
R L] OB £ A R T R R AR
(LIS LR R R AN R R R = Ot DDV RN S
125 73X 40 YT HLBT v iy 14 A & 2 500 -
oA AL B 2 g5 T 1 R 440 mo )T M E
s 4 il v 0 TS 1 7 RO i IR R AL B BRI X
40 YRR HLH2 1 81 BE R 90~ 600 m, 2 b o5 3 W
WS B FE 2SR 140 m~3. 3 km,

JUHRE SR Hj[ﬁ

, JReRIE
o (110 m,3%) (360 m, 6%)
(100 m,3ik) O
(163 m, 17k) ‘
Qo
(145 m,1%k) o
(95 m, 1) e
TN B i rp O
(120 m,1%)  © (440 m,6%)

(135 m,1ik) o (140 m,5k) *
(e}

(105 m,5%) (90 m,17%k)

[e] e}

(160 m,27%)
o
JUNEE
(600 m,47%)
200 m

- *

140 WINHE A 14 A E @5y
4 T 2 A ]
Fig. 1 The plan view of 14 tall objects
struck by 40 lightning flashes

B2 N FL1 mE g g e G as
Fig.2 A composite image of high-speed images of
flash F1111

2 s

2.1 BEAMEREDGHSEERE

P T i A SR 9 A 2 5 R A R 4 R AR T
Y2 N R S 7 U NS SR VAT
A B AR L R 3 DR T A o 28 K R I A )
A AT T S B R Bk AT Z AN
R L AE EATIN A AR AT N D, Bl T @ A
A B %8 DA R Jul ol 7 6 R A G A T L 2 O e 3R
Yy b e Il 3 R AR T G Al Xy
LRG58 )% . Hussein 551 TN 42 T H 8 171



%13

ER A 20112012 £ )0 m @ S0 B G R IE ST 89

(CLDN) F1 3£ [ 75 L & 7 % (NLDND £ 4 . % R
Sk CON 38y iy L 100 kem 2 72 165 Bl P9 149 TN Ha 3 2
HEAT T 4087 - R Bt of ON B0 A v 2k 2E 4k B 1
77 B LG S (B P WY SR T CON S i At X
S5 114 DR R BT R G 7 A ) LG S A

Bermudez %5 f 5 # [l o L B 0 b T B g
(BB IR1E S ¢ BRI A 1. 07 ps) o HL 3 I A
SR W o0 A% A 0 5 &8 O B S5 R 1 i [R] g Ay ¢
(=2 h/c o h @RS ), X >
o B IS e S B RS Y
<t BN XY O A E B L R R Y
T A TN IR R R S b R W R BT
DA b 58 3L 92 7 30 S B 00 00 5 8 1) AS ] s R A AR

Yy b 7R AR AR oA 1 D0 8 S o R
PL 200 m = B R4 ek (1=1. 33 ps) . RIS E4£200 m
P E G 200 m) B9 e g S0 M i BEAE 200 m AR B9
U . Ol T AR R P R B W) XoF i N 37 8 O ik
A1 7 DRI AL B o A2 BT AROE B A% £ Bk T DC~
50 Hz [ TARNE ), il ok XoF 0 I 5 100 08 T 40 A7 » 4
SR I 5 1 S W A 1] < ) B I ) S5 T S 8, X B
SRS R BE B 1 DN H T A B RS —
3] 2 km KEAFFIER 1, 78 40 Y EHH T,
45 7175 Wnlddy A O el Ak s 9]y
S 6 YR 4 G S OB A R ER 1 g
HT 34 YOE il A 131 WAk S ] i R 3 0 1
SRS S

®1 A LEEHFEERITER

Table 1 Statistical results of magnetic field normalized amplitude for return-stroke
VA — {1 3 W (L

R B ER BAREHME/ (A m™ D) JUMEME/ (A m™ D FfH/(Asm™ D) PRz /(A s m™ 1)
ER/ G HIK 4k )5 [ER/ 4 )5 IER/ G 3= HIK 4 )5

200 m BLF 20 78 1.97 1.34 1.53 1.06 163 0.92 1.57 0. 94
200 m LI I- 14 53 4.35 2.13 3,63 1.56 479 1.91 2,28 1.70
593 m 31 1.12 1.01 1.00 0.41

(g CN L8]

B 1 A %1,200 m PL BRI 200 m DAR B 5R
YrE Wl G Y W LA T A i
3.63 Aem "I 1.53 A« m ', 4kJ5 [l 3 04
BT (E 4 5 1.56 A« m 'l 1. 06A -
m LA LE 200 mo R BB SN R Y 1
SRAE A 200 m DL i AR AR N B W R IR
Il o @ S W (B LA P 3R 5 & Y 2.4 f5. B3
T 34 YT LT UK Il T — b R b 0 (B R
Yy BER 2 AL (B N S REA &, TR, i &l 3 7]
VL . Bl 2 S0 o B A 386 s 1 3 e A ) 34
K Bermudez 20 F| B TL(Transmission Line)
[ o A58 A3 A A5 3] A SR R o o X I o 3 R Y
R A PR AR SCRT AR 25 5 5 AR A

AR LR R R LR A AT,
Hoep EATIN AR I RN AT SR S
e R R 5O T il % DN AR R 1 R A
R, BAT N E g [l i B G AEAE) 5 R AT
TN L 4 e o o R A TR . AR S AT i ) e AR
Yy L S AT N E L TN & KON 5 1 A R H 3
AR EATIN S O L R 1WA T

BB IN AL AR Il o G S A . AR 1 T LA
5 EEAE 200 m DL b pe o s SR 4 O[] S A G 4 Vg
ER L3 1. 56 A e m ', O & KR CNE

o N=14

5 + N=20
~ 8 o
=
. o
< +
< 6 o
g * 8
N
~ o
£ .
T2 * o
#+ o
* o
E * °
0 I I I I I I
0 100 200 300 400 500 600

HEY G B/ m

IS Sk B i =R/ b
YA — ATk 37 58 B2
Fig. 3 The normalized magnetic field amplitude of
the first return stroke of lightning to

tall objects with different heights



90 oM K

% 4R

% 26 &

JIT 0 S W B TL AT 240 1. 01 A« m MK 5424
Forpr, ) M (600 m) AT M 1 B 42 fl b (440 m)
Ak I (8 14 1 3 W (L 1Y) JUART SF- 448 43 5] 9 3. 05 A
m '(N=4OH2.43 A+ m "(N=30),HHEHT
T K CN 8 Fir I 9 7 W {1
2.2 SEHAYEEELEIGIE ST

ASHIFZE WM B 1) 40 R i A SR HL A E R
A FIRES 34k )5 1ol o W A 8 2 Z M4 0 T &
Wl 1 WG A SCHE 25 1 A 08 T e A 11 g
{EL 73 590 FR A 00 4 W I (P AN St e B (P o) . & 4
FELS 3 5 45 T PR 7] e B g SR e i i R el
TR I R I B, F1201 R30S s 8 H
140 m, [N HL F1215 A4 5 o 440 m, A 4
FEL S W] RUAE 53X P IR T L A AR 1 1 3 IO 7E W
bR 2 J5 & i B I SR 0 R PG 3 Y
A XTIE(E Py 5010 EMH Py (9 L E 53 50k 1. 2
L0, AE 200 m DUF & gl S0 e 0L 3] 6 20 1k
PN H 13 YR (65 260 A HL B Uk T o 1 3 0
G SR L W) A6 W R A B4, 200 m LA |
S 14 WINHE R 8 IGTY) L T =ML .
Rakov %0 5t i AL 504 1 15 W 2 A2 ol O 00 1% B 15
BLHEAT T 43 AT K5 DA v 3 T8 R0 55 4 0 S ko LA
— 78 BT A% iy 2, o DN H 3 T SR AR BB R T
HEFTY) AR B 1) S5 S8R AE BELBT . L 54 K 3 1 BHL Bt
INFHESYIA B 1) SERBHPT . T 7 D A BT
RSN 2 K A G BRI R H AL I8 R A S R A
HL 3 1B 19 25 G A kA RS R Bk U W R
S I 5 b T Y 25 5 A R A RO R BCH IEE Y
B o 52 3 SR TO i 0 JEC S S ST A 5 e, M R SR
PR S LT AN 34 2 19 52 T 88 7 PR A0 9 AE A SR P oK
] 5 358« 4 101 A 1 3 WO AEAE 22 1

X i AR b R R L R Ak ] 3
TE FR970) 1 WA 1 R0 2t % 0 {0 3 47 B B 05— 4 (2 k)
Ji B 53 BT 2R T < R T o 0 0 (L ) 3 L A 0. 48~
8.26 A e m ' JUAFIME Sy 2. 44 A e m ", ZE R I
fHME I 0. 48~8.84 A« m ', JLf]F- 3 {H Ky
2.92 A e m 4k Rl ) BE WEE M LR 0. 19~
10.7 Aem " JUAESME R 1.24 A« m ", 4t
EATEE N 0.19~12.3 A« m ', JLM]F 11 K
1.60 A e m ' WILME4ME & 1 K Bl o #G 3
TE 1 46 %oF U L LL 40 B W R 20 %6, 4k I [l o 1 R
29 % o Rachidi % %f i 42 K CNBE b8 o 7 i

7 A ) E R 3 HEAT B 5 R B R NS T A
1 T L e e A S 0 R R R R el i AR
4 R T i HE BN 2 A AU [l O 3 3 A . 1A
6a R 6b 23525 Hh T m @R b E el Ak s
Il ot 246 X e {15 00 i WA (L 1) EL A O . 18T 6b FR )
A HLLIE 6a P RYLG B RRTE R, 0 LUE
B A SRS AR (] o ) 3 4 0 W {EL A BT R 1Y
FESEAE . T LR X L R T BRI A ) R
24t X WA A o P O AR U ) ) e L Dy
X WA (L 368 5 % 40 iy WA 18 0 46 X WA (L PO BF 50 RE S T
TR HB IR 55 2 S0 T 37 T A B T

H—{LREEA 58 /(A - m™)

=11 0 11 22 33 44 55
it 1] /s
B4 HL F1201 &kl i #3598
Fig. 4 Waveform of magnetic field of
first return stroke for flash F1201

PP, Py/P=1.0
5 H=440 m

B

T4

s

=

= 3

S

®

X2

o
1
0 L L L L L
—11 0 11 22 33 44 55

it i) /s

K5 e F1215 &k Bl d w5 wor
Fig.5 Waveform of magnetic field of
first return stroke for flash F1215



%13

ER A 20112012 £ )0 m @ S0 B G R IE ST 91

Huxfid(E /(A - m™)

0 1 2 3 4 5 6 7 8 9
FhgIE(E /(A - m)

121

10k y=1.07x+0.28

Huxigf /(A - m)
[=)}

x N=131

o 2 4 6 8 10 1
FhaIEE /(A - m™)

B 6 Rl G Rk o 1 (o) 40 4 04 {5 246 Xof U6 {1 150 [

Fig. 6 Scatter plot of amplitude of initial peak and absolute peak

for first return stroke(a) and subsequent return stroke(b)

2.3 BEAYHEXEEMNYSE R TEIBSA

A0 R ST HERA 22 KEBRGYOBETZE
Pl 7, o 200 m DA B EESUPIAG 16 YR LS R
(17 34 [l o B SRR 340E )y 5) 02 200 m DLF &
S 24 U AL R T B ] R (R I E N
L. 7,

S b R AR A [ B £ 7 A
FHL L% Tk b B %5 42, Diendorfer 485 Xt B Hb A
Gaisberg ¥ b7 o316 B b 47 7 W00 434 » 2 BLEE 1
B FEL ] B B A 2 M o5 A T A R R O R [
HABE £, F e g S a2 AR R g T
e, Bk 5 1m0 9k A o & bk Il i E A T
P ARSI K B 22 Ik £ [l ik 6 M I PR
10 WINHL (45 %0) 4k 5 el i e I e R 20 A 1
AN I VAR T 1 R el i i R e (. —
5o BRI L E U Ia] o 0 R A 5 B R T4k S el
LR A I H R S R K AR S L . (R Tk
Ia] ot (¥ [ o 30— g K 1 Ok [ ok L G T
il 7 e S 5 Dol AR K 56 AR K [l o
23 OB KA MG S WA 3 — 7 4k )5 18] 9 b
TH i ] B [ o7 6 T ] SN 2 5 S BOE K
F14 T FL 7L I BEE 7 L B o 1 O R A, L v AR
Y AETE 2 B I 8 K R (L T o P O 1 R 2 I )
HE— 25 W KRGS 5 R R R S b T
BN AR I [l ot 7 A K ) PG S AL T B R

R/ M RO Y Rala 15 4 iy NN 1 R s O = O = G
A QUL T HETINE FI1211(H=105 m) 4t /5
Bl RGO o Py /Pr=1.4,

6 Py

P,/P=1.4
H=105 m

H— LRz /(A - m™)

26 50 64 78 94 108 122
[} 1] /us

B 7 R F1211 4% )5 [ 85 18
Fig. 7 Waveform of magnetic field of subsequent

return stroke for flash F1211

2.4 SEAYMEHENEEER

AWESE 40 IREHL A 22 2 Z )il L. 3
A& T 175 Wl v AT 2] 135 Al [ b .
&l 8 Fr o ul s (Al B B[R] Ay 4. 5~473. 4 ms, H
A 6824 11 [l i H] B B (8] £ 100 ms DL PN, 8] B B i)
B LA S {8 (M) R 69. 1 ms, 5 Hussein 227 %t
1992—2001 4Efin £k CN 35 160 ¥ N L 4 1715



92 M OH A

% 4R

% 26 &

) - 2 [m] 5 6] B B 1) (62 ms) b . 7EK 8
HFE U IR I A IR B SRR @ BEAE 200 m DL |
AEFY 16 W L B 53 Wk al s ] B B ] Dy
12. 6~444. 7 ms, HJUA[SE{E R 65. 0 ms; I 78 5
08 R AR B 3R 7R & B TE 200 me LUK 2SR
M) 24 YRR LI AR 0 82 YK Inl i [R] g I E] Oy 4. 5~
473. 4 ms, HILfEHE R 71.5 ms,

55
p— [1200 m AT, N=82, M;=71.5 ms
45 1 200 m LA E, N=53, M;=65.0 ms
35+
15 +
5 L
:l | m— N —
50 100 150 200 250 300 350 400 450 500
1] i P /s
K8 [ml Il b & it B 5
Fig. 8 The statistical histogram of inter-stroke time
+
3 N 4

AR 20112012 4F ) JH i 2 509 75 H WL
I BRI T F (3 Sy SRR M T D 1 3 O B
PTG AT S B AR 2

1) e g S h Il o g 0 e A RS AR B
S SR R R A L B R A R K. e A
200 m DL bR EES Y A FEAE 200 m DUR B =R
B E Kl S PO e (H & 2 km)
A LA S Y98 43 %) K 3. 63 A« m " Al 1.53 A -
m L HTERE A 2.4 5.

2) TN R S O B R Y 2 £
WL U B 20 Wik 200 m DR @S A
HL AT 13 YR (65 %0) [N L B YK [l o 1) G 3 D5 HE R
Je SR W AR W (E R I B4, b 200 m DA b
KW 14 WA R AT 8 YR (57 %) [N HL B ik [l oy
WP B AR AE . Bk A, 34 IRINH IR
Il 5 1% 3 5 TV 119 446 %) 08 L L ) 4 e K 2004, 131
Wk G [l d K 29% .

3) 40 RSB FE R 22 R (B5%) R £
7 7 L AL A5 3] 135 A [l o (8] B sf ] G U AT P 24
9 69.1 ms, HAEzH SAE 200 m LAY 16 IR

HL A 53 Y [ o 18] B B[] f JLART 7 2434 R 65. 0 ms,
b 2 A 200 m DLF Y 24 YE LAY 82 A (1] o W] B
B[R] g JLARTSE394E R 7105 ms,

O 222w EmERYERSTA 10 KINE
(45 20t Bk & 10 o 1) i 3 W (K F 1 K el o s
[EIEOEE

AR SCHET T M e A SR T R L N 4 R ) £
A WL GERE X v A b T G R R AE AT
Gy BT R AN [ v B 3 BBl 1 SR ) b 1 B G A
MEMZE 5. T — 0 g o7 = S B A [l o B
I D SEZ I OR300 A5 28] ) 4R F S 0 f B 7Y ep ) 2 ik
B 3 A (e AR ) R UL TR AR T =
T HL A R R A RS ) DR 2 X T R I L G S D TR 1Y

M
5 % X ik

C1] 9k )7, 8 75 B 5 i BT Y Il it /0 i . 1 <% % ).
2006,17(6) :829-834.

(2] oo @ ST TE Bt o o 1] S0 o 5 1 F 90 e . GB50352—
2005 B A S Bt WL b 5t A A ST Dol L,
2005.

[3] Rakov V'V A,Uman M A. Lightning: Physics and Effects.
Cambridge: Cambridge University Press,2003:241-260.

[4] Lu W,Chen L,Zhang Y.et al. Characteristics of unconnected up-
ward leaders initiated from tall structures observed in Guangzhou.
Jowrnal of Geophysical Research ; Atmospheres (1984 —2012),
2012,117(D19) ,doi: 10. 1029/2012]JD018035.

(5] AEWef, % L&, B 9%, 5. 5 g i Je 5 0 e R
WA S, 2010,21(4) :450-457.

[6] Bermudez J L, Rubinstein M, Rachidi F, et al. Determination
of reflection coefficients at the top and bottom of elevated
strike objectsstruck by lightning. Jowrnal o f Geophysical Re-
search : Atmospheres (1984—2012),2003,108(D14),doi: 10.
1029/2002JD002973.

[7] Baba Y.,Rakov V A. Lightning electromagnetic environment
in the presence of a tall grounded strike object. Journal of
Geophysical Research : Atmospheres,2005,110(D9) . D9108,
doi:10. 1029/2004JD005505.

[8] Diendorfer G,Schulz W. Lightning Incidence to Elevated Ob-
jects on Mountains. Paper of the 24th International Confer-
ence on Lightning Protection (ICLP). Birmingham, England,
1998.

[9] Hussein A. CN Tower Lightning Parameters. Paper of the 10th
International Symposium on Lightning Protection (X SIPDA),
2009.

[10] T, B4R .5k L 45, 1997—2006 4F & [E 5 L % 15 4R 10,
T A4 24 2008, 19(4) £ 393-400.
[11] sk BRAE BRER. T MAH R HBOEARE ST, BUEE



ER A 20112012 £ )0 m @ S0 B G R IE ST 93

[12]

[13]

[14]

[15]

[16]

[17]

B BE 2 4, 2009, 24 (1) :58-60.

K SCZE T L TH L AL DA S0 B AR R TR R RL I L R
K454 ,2006,17(5) :611-620.

BT BRI BA S5 O Y ) 2 R R A TR R R
37 A A B G4 4R, 2014, 25(2) 1 193-201.

Hussein A M,Jan S, Todorovski V,et al. Influence of the CN
Tower on the Lightning Environment in Its Vicinity. Paper of
the 21th International Lightning Detection Conference (IL-
DC) Orlando Florida USA,2010.

Bermudez J L., Rachidi F, Janischewskyj W, et al. Determina-
tion of lightning currents from far electromagnetic fields:
Effect of a strike object. Journal of Electrostatics, 2007, 65
(5):289-295.

Pavanello D, Rachidi F, Janischewskyj W, et al. On return stroke
currents and remote electromagnetic fields associated with light-
ning strikes to tall structures: 2. Experiment and model validation.
Jowrnal of Geophysical Research ; Atmospheres (1984 — 2012),
2007,112(D13). doi: 10. 1029/2006JD007959.

Bermudez J L,Rachidi F, Janischewskyj W, et al. Influence of
the height of an elevated strike object on the enhancement of

lightning radiated fields. Power Tech Conference Proceedings,

[18]

[19]

[20]

[21]

[22]

[23]

IEEE Bologna,Italy,2003.5.

i SCF A B A 2. 2006 — 2011 4E TN T il & N
B LU0 L R R4 . 2012, 23(5) :513-522.
Janischewskyj W, Hussein A M, Shostak V,et al. Statistics of
lightning strikes to the Toronto Canadian National Tower
(1978 —1995). IEEE Transactions on Power Delivery 1997,
12(3):1210-1221.

Rakov V A. Transient response of a tall object to lightning.
IEEE Transactions on Electromagnetic Compatibility ,2001,
43(4) :654-661.

Rachidi F,Janischewskyj W, Hussein A M, et al. Current and
electromagnetic field associated with lightning-return strokes
to tall towers. IEEE Transactions on Electromagnetic Com-
patibility »2001,43(3) : 356-367.

AT o BB R T ol A U B L AR S PR R R R et
SUE B TR K ,2011.23-24.

Hussein A M, Milewski M, Burnazovic E, et al. Current Waveform
Characteristics of CN Tower Negative and Positive Lightning. X
International Symposium on Lightning Protection ( SIPDA),
2009:9-13.

Statistical Characteristics of Magnetic Field Produced by Tall-Object
Lightning in Guangzhou During 2011 —2012

Wang Zhimin"? Lii Weitao”?

sD2)

Yang Xinyi

Zhang Yang?

Chen Liwen®”

Ma Ying”

Qi Qi
Chen Shaodong”

Y (Chengdu University of Information Technology, Chengdu 610225)

2 (Laboratory of Lightning Physics and Protection Engineering , State Key Laboratory of Severe Weather ,

Chinese Academy o f Meteorological Sciences, Beijing 100081)

 (Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters ,

Nanjing University of Information Science & Technology, Nanjing 210044)

Y (Lightning Protection Center of Guangdong Province . Guangzhou 510080)

Abstract

With the development of society and economy, more and more tall objects, such as tall towers, sky-

scrapers and other kinds of high buildings are erected in China. It is a commonly used method to study

physical mechanisms of lightning discharge by measuring the electromagnetic fields produced by the light-

ning occurring on tall objects. Characteristics of electromagnetic fields and the influence on the electromag-

netic environment induced by lightning flashes occurring on or around the tall objects are also widely stud-

ied. Since 2009, a field experiment is conducted to study the physics process of lightning flashes striking

on tall objects in Guangzhou. The Tall-Object Lightning Observatory in Guangzhou (TOLOG) is estab-
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lished on the top of a building with a height of approximately 100 m that belongs to Guangdong Provincial
Meteorological Bureau to observe lightning flashes striking on tall objects with different heights in Guang-
zhou. In this experiment, the height of observed lightning striking point is found to be within 90—600 m,
while the distance between the lightning striking points and the observation point is within 140 m —
3.3 km. Magnetic field data for 40 negative lightning flashes obtained during 2011 — 2012 are analyzed.
Statistical results show that tall objects have an enhancing effect on the magnetic field induced by the light-
ning flashes striking on them. The taller the object is, the larger the enhancing effect will be. The geomet-
ric mean (GM) value of the magnetic field peak values induced by the lightning flashes to the objects taller
than 200 m is 2. 4 times of that induced by lightning flashes to the objects lower than 200 m. Waveforms of
the lightning magnetic field always exhibit multi-peak behavior. Regarding the magnetic field waveforms of
the first return stroke, 13 out of 20 cases in which the lightning flashes strikes objects lower than 200 m
have the subsequent peak value that is greater than the initial peak value; 8 out of 14 cases in which light-
ning flashes that strike tall objects higher than 200 m exhibit the same characteristics. The GM value of in-
ter-stroke intervals of all of 135 return strokes is 69. 1 ms. Among them, the GM value is 65. 0 ms for the
inter-stroke intervals of the 53 return strokes occurring on the objects taller than 200 m, and 71.5 ms for
the inter-stroke intervals of the 82 return strokes occurring on the objects lower than 200 m. In addition,
10 lightning flashes (45%) among 22 multi-stroke negative lightning flashes are found that the magnetic

field peak value induced by subsequent return stroke is greater than that induced by the first return stroke.

Key words: natural lightning; tall structure; return stroke; magnetic field characteristics



