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Climatic and non-climatic factors driving lightning—induced fire in Tahe, Daxing’

an mountain

GUO Futao', SU Zhangwen', MA Xiangging', SONG Yuhui', SUN Long®, HU Haiging® ", YANG Tingting'
1 Fujian Agriculture and Forestry University, Fuzhou 350002, China
2 Faculty of Forestry, Northeast Forestry University, Harbin 150040, China

Abstract ; Forest fires are a global issue due to their significant degradation of forest reserves and greenhouse gas emissions,
as well as loss of human lives and livelihoods. Forest fires are mostly caused by nature (lightning-induced fires) and human
activities (anthropogenic fires ). Lightning-induced fires in China mostly occur in boreal forest, namely the Daxing’an
Mountains of Heilongjiang province and Hulunbeier of Inner Mongolia. Lightning accounts for nearly a third of all forest fires
in the Tahe area of the Daxingn Mountains. Most previous studies on lightning-induced fires have focused primarily on
climatic factors, and studies of non-climatic factors such as forest fuel and terrain features are relatively rare, due to a lack
of spatial data sets and spatial analysis technology. Thus, the aim of this study was to identify the key climatic and non-

climatic factors driving lightning-induced fires in the Tahe area using fire occurrence and metrological data along with digital
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forest maps in conjunction with logistic regression models and spatial analysis.

Fire occurrence data included location, time, and area burned of lightning-induced fires in the Tahe region, Daxing’an
Mountains, 1974—2009. Meteorological data were daily minimum temperature, daily maximum temperature, maximum
wind speed, 24 hour precipitation, average air pressure, average wind speed, average relative humidity, sunshine hours,
and minimum relative humidity. In addition, we calculated the Fine Fuel Moisture Code ( FFMC), Duff Moisture Code
(DMC) and Drought Code (DC) according to the Canadian forest Fire Weather Index ( FWI). In this study, 1:100,000
digital geographic and forest maps of the Tahe region were used to extract elevation, slope, aspect, depth of humus layer,
litter cover, forest type, management regime, dominant tree, age class and canopy data in order to determine the factors
driving lightning-induced fire occurrence in the study area.

A logistic regression model was developed to examine the relationship between lighting-induced fire, and climatic and
non-climate factors. The spatial distribution of lighting-induce fires was analyzed using ArcGIS10.0. Three climate factors
( Daily minimum temperature , maximum wind speed and minimum relative humidity) and two fuel indices ( FFMC and DC)
were significantly associated with lightning-induced fires (p < 0.05) , and the goodness-of-fit of the model was R*= 0.326.
Moreover, litter cover and tree age class were significantly related to the occurrence of lightning-induced fires, albeit with
low R*(0.15). A map of fire likelihood was created using Kriging interpolation in ArcGIS, and the spatial coordinates of
lightning-induced fires (1974—2005) along with the same number of random control points.,. This identified four high
lightning-induced fire-risk regions in our study area, which are located in the middle and South of the Tahe area. In
conclusion, the results from this study provide evidence that the consideration of not only climatic, but also fuel and non-

climatic factors, is critical for understanding and predicting the occurrence of lightning-induced fires in the Tahe area.

Key Words: Daxing’an Mountain; Tahe area; Lightning-induced fire; Climatic factors; Logistic regression; Driving factors
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Table 1 The conversion of attribute value of stock map
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Ja PR (B J PRI JE PR .
L Dominant tree; Management The depth
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K . . Attribute value measures ; of humus:
Attribute value Attribute value Attribute value . .
Attribute value Attribute value
bR T AL AT F1fe
(Land- Pinus sylvestris var, ToYE I .0 .0 " o 2 3
Rhododendron simsii 0°—15° (Betula platyphylla) : 1 HEM:1 #i:1
Planch- Pinus sylvestris var) : 1 ’
FLRS-FIHE, B2 HE
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( Rhododendron simsii 7Rl Zz:1 (Lari llini.) -2 HE K2 .2
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Planch- Betula platyphylla, Grass- 15°—30° are gmednt. )« ’
Betula platyphylla) .2
Wb -5 AR S PE AL -
? /‘: _2 \
(Land- Larix gmellini, Grass- #dt.2 #h *ﬁ%& . T3 J=.3
. . 30°—45° ( Pinus sylvestris var.) :3
Larix gmellini) :3
R VR AL AL R - A
( Ledum palusire L. var. dilatatum 2 3
Wahl- Larix gmellini , AH 3 A 5‘5;‘ 60° WIS (Salix babylonic. ) :4 ok s .4
Rhododendron simsii Planch-
Larix gmellini) :4
HHS- 14, B%E-1iA
( Rhododendron simsii Planch- BE .4 114 ( Populus NS
. | .
Populus davidiana Dode, Grass- L4 60°—75° davidiana Dode. ) ;5 EARIAS
Populus davidiana Dode) ;5
WP, - s
((Swamp- populus, Swamp- .5 7501900 b (populus.) :6 7 E1k .6
Salix babylonic) .6
B - ) =itz -
: i SR .
( Pinus-Larix gmellini) ;7 Pa:6 ( Picea asperata mast. ) :7 [T
_ 5 s li
FEFEEIR (Ledum palustre) ;8 7567 ﬁi i ( Quercus mongolica
Fisch) :8
PR .8
*2 THMNS[KEFRFWIEHRETENERST
Table 2 The descriptive statistic of variables of Lightning-caused fire, climate factors and FWI index
PR A FEAKL W/ ME /ON] ¥{E b2
Variables of model N Minimum Maximum Mean Standard Error
) Ve
EJ\(U\#I 235 0 1 0.50 0.50
Fire number
20—20 B fEK B
0—20 Mk 235 0 481 9.65 39.56

20—20 precipitation
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FIALAE B FEAKL HesIMHE [ ONI: ¥(E brif 2
Variables of model N Minimum Maximum Mean Standard Error
A ACHE S T
T 416_1‘}— 235 9473 9916 9661.81 65.46
Average air pressure
P-4 Rk
¥ JHL. 235 3 93 29.14 13.55
Average wind speed
S 4= R
P 235 -21.3 28.3 11.38 89.72
Average temperature
A2 ﬁ V= ;
TEKEUR 235 6 220 88.30 52.17
Average water pressure
A o3 e
:Fi’Jﬁ‘EXT(EE o 235 22 97 59.61 15.65
Average relative humidity

IR
H Ti& 235 0 148 83.36 41.70
Sunshine hours

1T e oE
: ].Hﬂfﬁ,j‘,{m 235 -31.2 21.0 24.17 89.04
Daily minimum temperature

B2 o o
H ks 235 137 373 201.46 97.66
Daily maximum temperature
SoNLRTS
Eijt,J Vi . 235 2.5 14.8 63.01 22.98
Maximum wind speed
e/ INAH R B
Hi. J. *HXT{JKE. - 235 0 93 30.08 15.62
Minimum relative humidity
40/ N TR BE B FFMC 235 14.82 93.60 79.05 13.35
JE5H BTN EEAD DMC 235 0.54 113.17 25.73 19.56
&85 DC 235 78.83 653.73 377.46 100.93

FFMC: Fine Fuel Moisture ; DMC: Duff Moisture Code;DC: Drought Code

®3 EEASESKAFRATEHERSIT

Table 3 The descriptive statistic of model of Lightning-caused fire and non-climate factors

R AR FEAKL B/ MEL lON: ¥{E b2
Variables of model N Minimum Maximum Mean Standard Error
Jh i
J\{‘*H%*}L\ . 235 0 1 0.51 0.501
Fire and random point
YL LR (M AE)
Slope ( Given value) 235 0 4 0.96 0.761
Bem) (WR1E)
Aspect ( Given value) 234 0 8 4.19 2.369
JE RIS (em)
2 1 1. 4
The depth of humus layer 33 3 86 0405
v’ 26 BE
iﬂf}i% WE/,% 235 15 90 53.11 15.784
Coverage of litter
1 (T

AR B . 235 1 10 3.08 1.486
Forest type ( Given value)
sz ik
£ (WR1F) . 235 1 6 1.58 1.065
Management measure ( Given value)

o "
ﬁﬁ%ﬂﬁl( mﬁtﬁ) 235 1 6 1.69 0.784
Dominant tree ( Given value)
oy .
B (Year) 235 0 8 3.46 1.569
Tree age

Eil::%4

A1/ % 235 0 1 0.50 0.184
Canopy
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FEFEFR R*(Cox & Snell) 4 0.326, S ALH AL P H £ ik
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T kR WA TE B TE P<0.001 /K |- B 3%
FHK(FES),
2.2.3 AR H xRS K PR

ARTORE 121 A 8 Bl AL A B AT s A B2 Emdsh 1 B A
TG R A 42 U5 45 R o, BB R (AL Fig.2 Lightning-caused fire and 1:1 random points ( non — fire
258 R?(Cox & Snell) 4 0.175 AR S EAU A 45 IR points)
“HLBEMITERE (P=0.041) 1“9 (P=0.007) 5% i
KR Z A B T A AR R N TR e Al (5 A HAR R R AR ST kR
ZIRGFARRM A BEMIC (R 6) . HAN AR H a5 1225 B A WA 5 AR 1% — DA 55 B e
15 B I AR (BB B3 A AR i 2 A A ) AR ARG BEFR AR R?(Cox & Snell) iy 0.15, Fe AR AR 7Y
HATSR I Mg a B A R AR T 5 KR AR BEACE(R T) .

0 27 54km

x4 BEITESERSHIE (KLHT+FWI )

Table 4 Parameter estimation of the full logistic regression model( climate factors+FWI index)

% H AR H T QY3 b2z Wald i K
Variable factors Estimate Std. Error FKHE Pr(>1zl)
# 18 Constant -13.378 17.476 0.586 0.444
2020 it f#K 2020 precipitation 0.005 0.003 2.152 0.142
WA GG S Average air pressure 0.001 0.002 0.397 0.529
S XH Average wind speed -0.005 0.011 0.181 0.671
SEYAHRHEEE Average relative humidity -0.007 0.013 0.306 0.580
H FEAF4X Sunshine hours -0.002 0.003 0.356 0.551
H KA 75 Daily minimum temperature 0.007 0.002 17.967 <0.0001
Fe KR Maximum wind speed -0.010 0.006 3.004 0.083
e/ MHXHEEE Minimum relative humidity -0.046 0.014 10.766 0.001
i/ NI R YR RS FEMC 0.046 0.016 8.171 0.004
JE B 50 BE B DMC 0.008 0.007 1.373 0.241
5145 DC 0.003 0.001 5.249 0.022
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£5 HBRAEETEBEHHFEBLE (IRHT+FWIEED)

Table 5 Parameter estimation of the ''best'" logistic regression model ( climate factors+FWI index)

& AR R AT {7 %L PrifEiR 22 Wald i K
Variable factors Estimate Std. Error T Pr(>lzl)
W Constant -2.893 1.375 4.427 0.035
H 5l Daily minimum temperature 0.006 0.001 22.994 <0.0001
R Maximum wind speed -0.010 0.004 5.335 0.021
e /MHXHEEE Minimum relative humidity -0.050 0.011 19.878 <0.0001
/NIRRT RS FEMC 0.043 0.014 9.793 0.002
245 DC 0.004 0.001 11.664 0.001

®6 BENHSERSHBEAEFRLHT)

Table 6 Parameter estimation of the full logistic regression model ( non-climate factors)

H R T fiite 7 8 iR BT
Variable factors Estimate Std. Error Wald RJ7fil Pr(>lzl)
# it Constant -0.366 1.220 0.090 0.764
14K Elevation/m 0.001 0.001 0.011 0.917
I B 9 (WKAE) Slope ( Given value) 0.226 0.210 1.164 0.281
i) (WRAE) Aspect ( Given value) 0.035 0.058 0.366 0.545
J& )2 The depth of humus layer/cm -0.253 0.392 0.416 0.519
MB35 Coverage of litter/ % 0.018 0.009 4.176 0.041
WAL (TRAEL) Forest type (Given value) 0.065 0.110 0.348 0.555
227545 )it (W {E ) Management measure ( Given value) -0.092 0.159 0.335 0.563
ATl (WRAE ) Dominant tree ( Given value) -0.147 0.197 0.556 0.456
W9 (Year) Age class -0.330 0.124 7.082 0.008
HBHAIEE Canopy/% 1.602 0.878 3.330 0.068
®7 EBEOHRMAERNSHENE (ESKETF)
Table 7 Parameter estimation of the “best” logistic regression model ( non-climate factors)

L o % e [
Vol e om0 U
*# 1 Constant -0.239 0.575 0.173 0.678
w55 B Coverage of litter/ % 0.019 0.009 4.843 0.028
9% Age class/Year -0.214 0.088 5.904 0.015

2.3 5T X oy KRR A

ARICHRHE 1974—2005 AF- Bl DX oy K 25 (] AR AR B F IR 101 EE B BEAIL B A e AR AR R B 32 T 5
FLRSAR A 5 R 2 DX o S TR R AR AT 1 il (181 3) o ARSEAR(EAE 2R, nT LAEDULAV I , i XA R
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