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Study on the occurrence law of forest lightning fire

FENG Junwei, SHEN Hao, LIANG Dong

School of Intelligent Systems Engineering , Sun Yat—sen University/Guangdong Provincial Key Laboratory
of Fire Science and Technology , Guangzhou 510006, China

Abstract: Lightning strike is an important ignition source of forest fires. As the global warming, forest
lightning fire is becoming more and more serious. In this paper, the relationship between the position of
lightning strike and ground combustible matter was studied, and the breakdown voltages of three typical
conifer beds were measured by the impulse voltage generator. The results show that there is little differ-
ence in the breakdown voltage between Xinjiang spruce needle bed and Siberian pine needle bed. The
breakdown voltage of Pinus massoniana Lamb. needle bed is the smallest. In addition, the effect of ash
content on the resistance of soil was studied. The results show that the higher the ash content is, the low-
er the resistance is. The site after prescribed burning is more vulnerable to lightning strike. The impulse
current generator was used to simulate the lightning strike process, and it is found that the combustible
matter can be ignited and produce mars splashing under the action of impulse current. Combined with
the hypothesis of Taylor, the formation process of forest lightning fire was discussed. Finally, the light-
ning critical ignition characteristics of typical vegetation structure (tree and grass) were compared, and
it is found that the grass is more likely to be ignited by lightning than the wood chip.
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Fig. 1 Impulse current generator
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Fig.2 Schematic diagram of lightning ignition device
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Fig. 3 The typical voltage and current curves

1.3 KPR

A [ e nDR P Y i o AL R AP IR . 1B
A T i ey R WAL, R R R S Lk AT
Aok, Rz R S ERE A i g4 v,
WsRIZENE o i R i, FAE BRI 4R, 15
B AN F R, JFA 4 (5K P 2 0
T 22 o

I R B AR A 2D R B R ARACE A
HE& R, bR E | HENE, KRECERY



134 iRz CH AR

%60 %

{ELRIRR U R 22

I8 TR 1 B o o K B E I Y 2D R
PRFE v U TE N 8720 ws NS, BT uhil
HLU I, B2 RN A Re & K R ik, i 5%
By R . R, A B E O BRI R A
AL, EAEWE, SRBCFHME.

2GR

2.1 AEHRAIRYNGEFBRE

M T BA = eh PR AN s S LR
JE MR R PR AR AR . R AR A 25 8] 09 o837 20 A1 1 IR
WAL AR, AR T RURL Y A AR A A AR AR P Y
JRER L R A, WS AR 5 SR SO ) B UL
H S S ER GG A E ™ R R 2SS H
JE T #R S R A, ot fm s S s, 00K
IR#E2E, L R AR T AR SR T RA ) -

S T AR MR R LA RRE IR 1
R, S5 RWME 4R TERRRER HE R
B2 EKERFEFEAR S OL T R AR (Y 3 AR %5
JER0.156 25 g/em’, FAKH 0%, JEE1mm), M
VI E R RE N A ER, W ZEHRER I
PEAA R AN SRR S by i 5, H e PER 22
EPI 220K, T H RN ARR A =& Z
R ERIN, A5MR2E. EHARRAEEER
JEN, T T BRI RRE R (1% J5 B2 o s vp 21
THT R A PGB T P BE A B, TR R IR S A
BYAS [FF T e B s i RE A PR o 34k, =R
5 ZE B E 200 3 kV/mm, =Rk R it 2 v
HRE LSRR, GRS Rl
2.2 BREINRLEERNEMm

Je & KA S AR R NE 5 s (4

114

—_
(=}
1

T FHE/AV
=

S = N W kA U O © O
| P TP TP S S PR PR B |

WSRO RIERA AR D RAAEHRRLR
B4 =FnEHHAR Y o 20 B e
Fig. 4 Breakdown voltage of three kinds of pine needle bed

) 3 A 2% BE R KR 43900 R 1.2 g/em’ R 33.3%)
XU+ KR G AR RTINS, 15
p =34+ 8x0.84°, (1)

Hrbp MR, Q-m; ¢ HEKFE, %, IHKIG
R—-Square = 0. 97,

RN RIRE, FEA =2k
W—RKEH EEWMACHHER, LELHER.
KA R BELE A B TR R RAE A HE UK R AR
PR, E LEEROR IR 50767 . b HEOR kL
JEOr AT . B SRR BRI SE Bk RY
THR WA R R, ERE AN RIS AT
AR A, FEZAFLBK RS fLBRK
BN SRS X SR RN IR
BRI IF ARSI B, MR B AHEAE
351 IR U1 < e L e/ e B | DG =N S R
OB TAY KA Katik, BA RIFFHE
PEs SIAMEYIR & A TOhLEY, CHLER I e+
SV WO B U G, R e Y 4 Ry
FHA

AR 2 KRR B B ) o LAl Ak BT Y S
N AR D & S B F o = W N i R
ARG, U R ST ARSE RS, T AT R
YIRS oA, IR HRG . el e o R KR H
9 Y AE R TR o s R PR AR A 1
FrAZesd N THRBRIG R, &l Tkt &
KA AR ) KT 5 25 5y 8 32 ik

504

48
461

resistivity/ (Qem)
K
5

-2 0 2 4 6 8 10 12 14
ash content /%

K5 & KRS R CR

Fig. 5 Relationship between ash content and resistivity

2.3 RMNBETHEREN

SR FH il LU AR e R AR AU A 21 7 o i RT
/P Suy I GNP S 7/ IBE R €2 1E SN
SR T N e S UV D RS B L
AR AR AR A R B, A R



3

MR, % BT B 135

D QIR s = S A i S R AR i v 2 NS A
fili g Koy ok B RIREOT, 4 K B AR Ik R
52T K, 3 K B REAE Ay — BEin[a]
MIFFEEARE . HOBAS IS, 1T CO Mk BE AL REAE A
F CO, RHBPIEAEA T RIS . K KR
AR ARBBETE 4, BRI, T8 MUE K
R, Anderson A Ry B[R] 5252 B AL A ] R %) 235
K HIWAR I . ATHRY) S PR 2 3 min LA F (19 ]
B o HIW AR A BT X B R R LR Y, X
TG IR, B T S IR, il
BRI BRI I BRI, AR METR BHF2E 3 min
DL BB

Ko whiiaiidE T Rl #RY & K HE

Fig. 6 Ignition phenomenon of combustible matter

under the impulse current

AR EH R, MR mE, B
Ho BN E L EAr . BERAERT LB R E
T, ] A7 A ON AL YRR o AL A SR
RO SR R T AR HE AR R R K o 2 I SR Ak
B TR AR YA SRR 2R Bk, SO P b e 25
AR, SRR B T YR P T R K A AL
J1, ERARTEZBEIR 5 Taylor #2111 8 55 A7
M. RS IR 2 S, A —
PR R M 5y B RNRE IR B2 o R AF L & IR i TR
G, JHEXFR G Y SRR, AR AL R
S B () S 1) kR s R, T s A ok R mk koA S
o SRR T 1% 5 AR AR T S 2 A A PR S 1
BRRE AL IS B B 5 5 Taylor FIEREMI & .
AR S AR R, FAHE T A28 5 A ET
MERR, TR RS R MEFER & AE, e
Az 11 KR A I Ao — R e A SO AR K
— 3R> REAE B 1k M S5 Rk ke, MR Bk
P, AWM TGN T, VIBRAKEESFET
K, HFMEEESHR AR, 255 T kT
BRIG 2 ASRIER, ERar gl B, B
#B 4y (1/1 000~1/10 000 ) 4 % & ¥ W 7

K.

I L 0 5 s K TR 4 B ) 2 B 8
R T+ B TR o
B, R HC T TR ACH R B TR 09
Wi T KA, 0 1 B

1 R RAA R FIRE ST R A T il A KRR
Table 1 ~ Comparison of lightning critical ignition characteris-
tics between Pinus sylvestris var. mongolica wood slices and

Cleistogenes squarrosa

i H B BT R ISR
1/ kA 21. 44 95. 48
[ Pdirazs) 7208 142 547
0
[ty 133 6276
0

1) i L D 8120 pus s BT BB PR 0 HE BLE 1 0. 159
2 gfem’, FOKF 0%, JEEE L mmy BT HAAH KR 0%, K
L mms 2) 1R BRI 3) [ PR

IR s 4) [ Utde il A0 246 it

TERCRAA TR | Sk SRS F, I
PR TR (0 RV R A EAT HeE, T LR B
BERT S RAg . [ P [ Ul BT R
B R KT R A, WAL E K, X E
FLL T RIR TR0 2 IR IR AR

34 B

ARTCHE SN T Rl AL B R, g
AR R PR R R, AR AT
(o 2 L R 22 5, P S AR BT IORE R B o 2
Fefe/, #HSVEfes s lad i E A E S KR
et R, RBBER RGN, R,
N TR B35l B 75 5y 18 32 i o

Fouk, AR ol O e A e e A T R
IR, s B AT DU Tk =2k, T
I BE 7 2 BRI AU IR 8O, (35 A m] 4%
Py WL AR, XL T D4R KRR D AR AR K
FHY AT RENE o WA B A 1 o 3 KBRS SO A
HRFBEWY G, HE—LRIUE T Taylor (B 73
Ab, BATHCHL T ML TR AR A 5 ) AR R AR A A I
P KR, KBOZEM PR R E A 5 90k
LG

it 2 nfr ok RO A AR A AT A — 2B R ST R i K
A KALEL, I Al RLZEAT %E B B[] 35 7K



136

RS (AR

%60 %

HERR

WX AR A KRR o AR SO DL T

Je i il K S PR A — RO R A A AR R B TAR:

Ty

i AL A A R i S R KRR S AR

S Lk

(1]

(8]

9]

[10]

EPALAR, EWIE, TG H , 45 . FIE R L 0P rp AR IX
il KA KA BERTELT ] Mol B ,2003,39(6) :
94-99.
SHU L F, WANG M Y, TIAN X R, et al. The fire envi-
ronment mechanism of lightning fire formed for Dax-
ing’an mountains [J]. Scientia Silvae Sinicae, 2003, 39
(6): 94-99.
PRICE C, RIND D. The impact of a 2 X CO, climate on
lightning—caused fires [I]. Journal of Climate, 1994, 7
(10): 1484-1494.
FLaagk . PO BEZRAR KR BN T i L, A K
CLAa i [N, P DT R, 2019-04-05.
BAI J Y. The forest fire in Muli, Sichuan Province was
confirmed as a lightning fire, and the whole fire site has
been fully controlled[N]. WWW. CHINANEWS. COM,
2019-04-05.
T e, XN TG 2 . FeE R0 X AR TR 7 kA
(1) I KA FFE R[], KRFE:,2010,19(3) -
131-137.
YUJL, LIUN A. Lightning—caused wildland fire weath-
er danger rating in Daxing’anling region[J]. Fire Safety
Science, 2010, 19(3): 131-137.
ALBRECHT R I, GOODMAN S J, BUECHLER D, et
al. Where are the lightning hotspots on Earth?[J]. Bul-
letin of the American Meteorological Society, 2016, 97
(11): 2051-2068.
WOTTON B M, MARTELL D L. A lightning fire occur-
rence model for Ontario[J]. Canadian Journal of Forest
Research, 2005, 35: 1389-1401.
g R, IR, S T R AE R H T
BT IR )], R A, 2013, 24(9) 12674~
2684.
ZHANG ] L, BI W, WANG X H, et al. Lightning—
caused fire, its affecting factors and prediction: a review
[J]. Chinese Journal of Applied Ecology, 2013, 24
(9): 2674-2684.
TAYLOR A R. Ecological aspects of lightning in forests
[J]. Proc Tall Timbers Fire Ecol Conf,1974,13: 455-482.
PRAE, K. BRARE R (M) P E IR
Hi R, 2004
JEI T . T R R A R A el AR R R A B 5T
(D] 774 )7 PER%, 2004.
ZHOU S L. Mechanism of lightning strike selectivity
during the process of discharge[D]. Guangxi: Guangxi

T A KR AT XS LG, DA A M 5 e LT
RRAPLT o i A B IE B

(1]

[12]

[13]

[14]

[15]

[16]

[17]

University, 2004.

HERMAN R. An introduction to electrical resistivity in
geophysics[J]. American Journal of Physiology, 2001,
69(9): 943-952.

CISEN-EMEEE T YO8 S UIE S ) 90 g ot 33 N i e )
BT [T]. T4 X AR AT 5T, 2015, 33(2)
208-213.

ZHANG R X, WANG Y Q, XIE'Y G, et al. Influence
research of salts on the soil resistivity properties [J].
Agricultural Research in the Arid Areas, 2015, 33
(2): 208-213.

FARL, AR IR, 2 . AN TR] R B R A Eh 35
T BRI [T]. A E LR RS M H R
f2),2014,15(4):25-28.

WANG LF, YUCH, GUQ K, etal. A study of resis-
tive experiment on saturated saline soil with different sa-
linity [J]. Journal of Air Force Engineering University
(Natural Science Edition), 2014, 15(4): 25-28.
AW B PN, 5 . BET Logistic IR %I4T
AT KIARL [T ], ARAEARL 2741, 2014, 42(7) -
166-169.

PENG H, SHIM C, SUN Y, et al. Lightning fire fore-
casting model of Daxing’ an Mountain Based on Logistic
Model [J]. Journal of Northeast Forestry University,
2014, 42(7): 166-169.

PN, W] E B2, 4 HE T MAXENT 8284 1 3R
VLR L2208 AR 7 SO B T [T, 1 A= 257
##%,2014,25(4) : 1100-1106

SUN Y, SHI M C, PENG H, et al. Forest lighting fire
forecasting for Daxing’ anling Mountains based on
MAXENT model[J]. Chinese Journal of Applied Ecolo-
gy, 2014, 25(4): 1100-1106

TR ARG L DAk . NS ) R T EE RS
T i K Zs oAk s [0 ] 2R 252# 4z, 2009,
29(12):6741-6747.

GUO FT, HU H Q, MA Z H. Spatial point process for
spatial distribution pattern of lightning—caused forest
fires in DaXing’an Mountains [J]. Acta Ecologica Sini-
ca, 2009, 29(12): 6741-6747.

[P NN EANE SR N 3 L S N PP &2 R
PRI ). ARSI AR, 2010,26(6) :87-92
GAO Y G, GU H, ZHANG G C. Integrated Index
Study on Forest Lightning Fire for Daxinganling Moun-

tains [J]. Chinese Agricultural Science Bulletin,



3

MR, % BT B 137

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

2010, 26(6): 87-92.

HARTFORD R A. Smoldering combustion limits in
peat as influenced by moisture, mineral content, and
organic bulk density[ C]//Proceedings of the Conference
on Fire and Forest Meteorology, 1993 : 282-286.
NIETO H, AGUADO I, GARCIA M, et al. Lightning—
caused fires in central Spain: Development of a proba-
bility model of occurrence for two Spanish regions [J].
Agricultural and Forest Meteorology, 2012, 162-163:
35-43.

PODUR J, MARTELL D L, CSILLAG F. Spatial pat-
terns of lightning—caused forest fires in Ontario, 1976-
1998[7J]. Ecological Modelling, 2003, 164(1) :1-20.
LATHAM D J, SCHLIETER J A. Ignition probabilities
of wildland fuels based on simulated lightning discharg-
es[ R]. US: Intermountain Research Station, 1989.
Koy, X5 A S E T R AR AT A A
RILHRATLT]. KR ,2012,21(2) . 71-77.
ZHU Y, LIU N A, DENG Z H, et al. Experimental study
on the probability of lightning induced ignition of forest
fuels[J]. Fire Safety Science,2012,21(2): 71-77.
DARVENIZA M, ZHOU Y. Lightning—initiated fires:
Energy absorbed by fibrous materials from impulse cur-
rent arcs[J]. Journal of Geophysical Research, 1994,
99(D5): 10663-10670.

FUQUAY D M, TAYLOR A R, HAWE R G, et al.
Lightning discharges that caused forest fires[J]. Journal
of Geophysical Research, 1972, 77(12): 2156-2158.
Society of Automotive Engineers. SAEARP 5412. Air-
craft lightning environment and related test waveforms
[S]. USA:Ae-2 Lightning Committee ,2005.

Iy WRET Yl 3G 5 i A5 bR TR 45 1 A B
FELD ] AR AR, 2014,

GUO Y L. The research of lightning damage of carbon fi-
ber reinforced polymer composite [D]. Shandong:
Shandong University, 2014.

NECHMI H E, BEROUAL A, GIRODET A, et al.
Fluoronitriles/CO, gas mixture as promising substitute
to SF, insulation in high voltage applications[J]. 1EEE
Transactions on Dielectrics and Electrical Insulation,
2016, 23(5): 2587-2593.

Lk EE SRU U i WS P S YA B AR I
ZAFPERGPLEE D ] Sk . Sk ) oRAE, 2015,
ZHOU Y. Influence mechnism of nanoparticles on the
insulating properties of nanofluid/pressboard under
lightning impulse voltage [D]. Hebei: North China
Electric Power University, 2015.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

T, BRSCEE . mhi LR AR A R B AT (D], =
FEHLES ,1999(4) : 40-42.

SUN W, CHEN W Z. Theoretical analysis of impulse
current generator [ J]. High Voltage Apparatus, 1999
(4):40-42.

XIS . IR T 2 A AR S - - -2
HRES AT (D . PR - PYAL Tk K2, 2014,
LIU Z Q. Analysis of electro-magneto—thermo—struc-
tural coupling effects on composite laminate in lightning
environment [D]. Shanxi: Northwestern Polytechnical
University, 2014.

L. BREF YRS G R TR e SR A 5 R R A
MLD L. WA AR, 2015.

DONG Q. Experimental and simulation study of the
lightning strike damage of carbon fiber composites [ D ].
Shandong: Shandong University, 2015.

XREGNG . F AL i R AR R AL R PRI SE (D .
WL AP R, 2010.

DENG H M. The research on the characteristics of two—
phase mixture discharges under lightning impulse volt-
age [D]. Hubei: Huazhong University of Science and
Technology, 2010.

Belm g RS, bR, 55 RUS LB R A i e
SBR[ ], JE BB AR A 4, 2008, 30(9)
981-985.

NIE X H, DU H, DU C W, et al. Electrical resistivity
measurement and conductive model of Dagang soil [ J].
Journal of University of Science and Technology Bei-
jing, 2008, 30(9): 981-985.

e AT A IR SR IE . RO 22 I v S e e R e
R B K BRI [ ], Mol BLBR-S A T84, 2015,
43(8):19-21.

GAO Z L, LI'Y Q, ZHANG M Y. Evaluation of fire
prevention effect of planned burning of meadow in
southern Daxing’ anling [J]. Forestry Mechinery &
Woodworking Equipment, 2015, 43(8): 19-21.
ANDERSON K R. A model to predict lightning—caused
fire occurrences [J]. International Journal of Wildland
Fire, 2002, 11: 163-172.
FEEF . R E AR R ATSE(T].
32-35.

DU Y. Study on the characteristics of lightning strike
wood[J]. Forest Fire Prevention, 2018 (1): 32-35.
WIERZCHOWSKI J, HEATHCOTT M, FLANNIGAN
M D. Lightning and lightning fire, central cordillera,
Canada [J]. International Journal of Wildland Fire,
2002(11): 41-51.

TRARBT X ,2018(1)

(REHE TiBE)



