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Abstractglnvestigation and analysis of a lethal event which caused by a' bolt from the blue " in a
sunny weather, in Conghua, Guangzhou 2017, is presented in this paper. This event was as the
following: the lightning strike first hit a big tree, and then hit the head of a nearby people to death.
According to the occurrence time, surroundings and position of the thunder disaster described by
the witness, and by using the location data of Low Frequency Electric field Detection Array
(LFEDA) and Guangdong Lightning Location System (GDLLS)'s location data and Radar data
from Guangzhou CINRAD-SA radar, the event could be identified as a lightning death incident
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caused by a "bolt from the blue™. The accident discharge was found to be the first Return-Stroke
(RS) with current peak of -30.9 kA which belonged to a Cloud-Ground (CG) lightning flash with 7
RSs. The flash initiated at a height of about 13km. After a cloud development process of about
600 ms, the lightning channel extends from the cloud, the horizontal distance from the edge of the
cloud anvil (0 dBz) to the return point is about 0.3 km, and the horizontal distance from the edge
of the precipitation area ( 18 dBz ) to the return point is about 1.8 km According to the equivalent
circuit model of lightning strike, we calculated the air breakdown voltage of side flash and found
that the ‘jump point’ that between 1/3 and 1/4 above the trunk could form conductive path to the
head of the victim. This paper assumes that the ‘jump point’ is at 1/4 above the 13m height trunk.
Based on the Circuit Shunt Principle, the process of the event was inferred to be as: the flash hit
the tree and the current flowed to the "jump point", then, 13.2kA lightning current blinked directly
to the victim and the victim also withstood the injury of 78.3kV, while the withess‘who was 10m
from the lightning strike point only withstood 1.3kV step voltage.
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R HAL SRR EHEL (Ab-Kadir, etal, 20100, TM7E R & H E SR &4 0 H BT ABCE
K (Cardoso, etal, 2014), FE2RECATE KEMNF A TAER AKIESS (Holle, 2016a),
H AT 5 F G TN RAN R o RIS V22 % Ji v [ 2o/ 7 o JE T A0 T 0 AR 3Ry, Bk = 1
gt £dE (Holle, et al, 2016b), PR X AN G % 2 S AR ~F 14 1H{EG DIRmini(2009)
i ¥ gt 22 2000-2007 A GG TN R TS, 1) R WIS RARAAEARN 55 R A
(17%), HUHEF AT (16%) FIZER N (14%). Navarrete-Aldana “(2014)%F %) 8HE e
. 2000-2009 4F75 MK FHERE, 0 HT R IAT 62.29%(K) T o SN SULEE 1477 BICE ) 120 1A AR A
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SE(2017)45 Y T 1990 3 2016 AF S A FIN REE A 5% N B A O T B, B A H 93%1T A
RIS ISR T R AEAEAR A, B R A LR AE ARSI, R AE X B B S 3 5))
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A E N RTS a5 (2008) M4 1997-2006 4F-4x ] L ok 4 e
GORLRIE 30 PR I @ A 70 o P9 T RO DR IR 3R PREAE , R IR A 1 2T b
R HEVER Z FHILT ANBAER L . Zhang 45 (2011) 1 — 5 F 4x 15 55 HL R 54
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b. Yellow twigs in the middle of the crown c. Fresh fallen leaves at the roots
B 1 T R I R

Figurel.  Post - disaster photos

2. Wi FHIIA LR R

Figure2. Schematic diagram of the scene of the lightning strike accident
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ANTR] -3t 2 1AL e I I TR) A B2 0 50ns ¥ GPS I e sl [F P . SRR A IR FERLEORNL2 £,
KEEFON 10MHz, SRRSOy Ims, T AL B 0y 200, i DA F S (i [l et B 8300 25
F53 5179 100%F11 95%, [l o~ IH & for 1% 72~ F BIE v 102m. [F I e 6 Hiad A Bk @I 25 (shi,
etal, 2017).

TR T HEAL RS (Guangdong Lightning Location System, T #% LLS), L4 16
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Btif 3 22 B4R VG N TE 16 55 35 4338 17 s 05 433tk AR 55 RN HLlElH, 17 £i 05 43518
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7, WA S AR Z3 9 & (Zheng, et al, 2016), FI5E B A14r 5B TH KM RS, 1K
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Figure 4. Evolution of radar combined reflectivity at a: 16:36; b: 16:42; c: 16:48; the  indicates the lightning

strike point
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Figure5. Positioning Results from LFEDA System for the “bolt from the blue”, the different panels show (a)

LF/VLF electric field; (b) height-time plots; (c) a North-Southward vertical projection; (d) height distribution of a
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number of radiation events and frequency counts; (e) plane view; (f) horizontal distribution of return strokes; (g) a

East-Westward vertical projection of lightning radiation sources.

Fuelberg 25 (2015)%5 t T ANIFI 28 Y [A] i I\ B 2 2 P AT H S F /KT R Jee B 8 Pl 2 77 =G,
ELFEHLI AR 3 RN 2 NS L 3, e rpoog R B 0TI R 75 TR FRLIIE A 2= A i H RO
R AP R R BB I E T 2, BT OB SR IX 1A% (0dBz) Bl Bk X 4k
(18dBz) JFa 3 Hh A el o K AE A B AP ER B . Ward 25 (2004) 5& X T B IR =
2N 0dBz. /KX 5E X 18dBz H AR, 1%BIE & Merceret %5 (2005) Al Punkka %5
(2010) #2t, FHJE ABABRBIER .

R 5 T, Bt SR 7 A B A DA FEE A 2= R A RS R B R R
J&, 7E 3km UL N XEEE a AR R T —BUERS, R A, JRAIRH Fuelberg %5 (2015) 44
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(2015) X RAESE 17 ANEE 2 H I 70 WG R IN BIE = 5 S RIEE g 45 3, =
Tk 10 2 3 [l i fK-PRE P2 ME 2.5km, I 43 IR K SFBEES/E 0-1km 2], AL
18.6%: P /K X 1214 3| [ s s /K SFBE 25 T80 8km, Hoh g 9 AN /K P RE S 7E 2-3km
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TR R JE& B B A 0N A SR % 57 8 B N W o — 5 ELAB, Ao BT ANl R
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K, FBESLE RS —EINE, BIMAAEPREIERI AT et BESS 45 N TS P R g .
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Figure6. Equivalent Schematic Diagram of Lightning to Human Body Discharge Mechanism
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CNAR L LS TR EHCT700W, - H T A4 L BHEX 1000W) (IEEESt 665-1995; IEEE Std
80-2000) , S H i £ Fbif L BH >4 1000W (2 1 L BN KYORITSUGE AL 2%) ) 4102A,
K FH Foir Bk ) .

B 7 o D5 R AR A (Dawalibi, et al, 1990), A& rR Ry AU H I 4%
fil B P, Ry WARHRE, U W AR SP R, U M ARITRSZ B . 12501 40 T
S BTRG s, BRI BT (RIRE 3 5 T 2 PR — S0, B dfHAr B 100Wm.
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Figure?7. Equivalent circuit model of lightning strike

L BRI AU G

Tablel. Calculation results of air breakdown side flash equivalentmodel

B i B PN
B s e EREY BIe 7L SCPRY
P AR T A Wz (KV)
(m) (m) I G4 (kv (kV)
QEpit= ) (m)
33.33% 4.33 6.97 7404 17595.18 20600.00 3004.82
32.26% 4.19 7.11 718 17941.16 20932.26 2991.09
31.25% 4.06 7.24 7.31 182665.65 21243.75 2978.10
30.30% 3.94 7.36 7.43 18570.56 21536.36 2965.80
29.41% 3.82 7.48 7.54 18857.63 21811.76 2954.14
28.57% 371 7.59 7.65 19128.36 22071.43 2943.07
27.78% 3.61 7.69 7.75 19384.11 22316.67 2932.55
27.03% 351 7.79 7.85 19626.09 22548.65 2922.55
26.32% 3.42 7.88 7.94 19855.39 22768.42 2913.04
25.64% 3.33 7.97 8.03 20072.96 22976.92 2903.97
25.00% 3.25 8.05 8.11 20279.69 23175.00 2895.31
MEEHTF At B B0 13 31 1/4 2 8] i<k mi sk Brdz s By vl o o 25 A mb s
HNCKHBER OB . NI, ASCHCBba AL T 05 14 4, S5 6 d i it

A (30.9kA) FIAHEEBH (1000W) 7550, B HEMMEL“BEA7)E, 13.2kA & HIRIN T3] #
Y L, 17.7kA TR A BT HOR GRECHEES ) /3 5 ED . Dalziel 45 (1968) ft 7K1,
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fi s BH Re 7T AR A2 2079 0.08m R I AR A, AR Y R BV 45 & i T Fie B R 46t
FAT IR KRR r P 2008 3r (Q) (4 [L5%, 2007).

NP RITET 5 2 H I Us 1509

5 6 6 ¥P)

NARTE®E 52 185 50 W S [y, AARRVRES AP HUR Usqo:
5 2 g2 ) CHESG6 (8)
EFE SIS r B Am, BB EMAEEE r B 10m,
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WL AN FRRIZFLEPZEDAEL N 783k, I T 70kg A IEH K2 i [
(25.12kV) ; Hili# KD HE KL 1.3kV, 2 NMETT IR SZ VG, 8MOG6 . BT,
Feg N R IR TR, RIS AR D R E

5 4t

AR I HAR AT L7 LR 5 (LFEDA) FITRAE B UM RS (LLS), 454
JIN R B R IR B TORE, X 2007 M AR HBIX — R K FHGEEAT TRHE AT, LR A
BT EAF H L R 4R

(1) BT 5 R — IR SE“IE K 7% 55 (bolt from the blue) i FESU T 108 5 F4F,
WA RS 7 RIBIE I DA R A Ik el i e, IR 2017, 4F 6 J308 H 16 s
36 43 49.219 Fb 1 B N N23°24'31", E113°31'44", HIJEIEAE 58 E 4-30.9KA .

(2) LFEDA ARG T 5 LLS ARG —BUNSSFS G2 7 N d s i #2114
=YERRRIER, INHEAIA AR B N, BB /KRR 3km J5 1 AR L7 A FIAR j 7 10 %
J B He .

(3)FR KRN E KT 23 T = AR T8 s 20 fili X (0dBz) i ¢ 3| [nl 7 fi7K-~F#H 24 0.3km,
KX (18dBz) L% 3| [nl o s /KT ES 24,1.8km.

(4) ARIETE KA TSR B, TS5 N Sl R, AT
E77 13 B 174 [ ek 0 ARSI m] o 5 S, AR B 5 SR R O
B ORI 177 14 A MRS R iR 5B, H IR (30.9KA) i K R4 3
“BkriJe, 13.2KAGE R EL RN S 2132 F#H & b, RINGEASZ 7 78.3kV BB HLEDF, 1
PR T 10m o P H S UK Z 1.3k B K.

KBRS AT R G AN, IWE RS AT LA B R AW R AT N Bl f2E B AR
FEEATHEE, HERRELE, W AIEIIHERKIIEI . 2 SME S I AT TR S sk
BB CHEJLAR) AHBRAER, RIS H 5 i T LK KBRS 6 i A 2
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