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Development of Crown Fire Propagation Probability
Equation Using Logistic Regression Model

Gye-Sun RYU' - Byung-Doo LEE'® - Myoung-Soo WON' - Kyong-Ha KIM'
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ABSTRACT

Crown fire, the main propagation type of large forest fire, has caused extreme
damage with the fast spread rate and the high flame intensity. In this paper, we
developed the probability equation to predict the crown fires using the spatial features
of topography, fuel and weather in damaged area by crown fire. Eighteen variables
were collected and then classified by burn severity utilizing geographic information
system and remote sensing. Crown fire ratio and logistic regression model were used
to select related variables and to estimate the weights for the classes of each
variables. As a results, elevation, forest type, elevation relief ratio, folded aspect, plan
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2 Development of Crown Fire Propagation Probability Equation Using Logistic Regression Model

curvature and solar insolation were related to the crown fire propagation. The crown

fire propagation probability equation may can be applied to the priority setting of fuel

treatment and suppression resources allocation for forest fire.

KEYWORDS : Forest Fire, Crown Fire, Forest Fire Risk, Forest Fire Map
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A MAFSZE 2003 35 HAHE; AHE,
2007 28|29} w= A xy ol 4HE, 2009
W 3¢ "Ego} A2 2013 A uAJo} Ak
B & 20009 o] 1 HEY RS W
(the scale and scope of impacts)E <=5}
7] ofel ti@AiHEo] Kyt Qs wAystka
A} (Tedim et al, 2013; Williams, 2013).
@ s (Mega—fire) o]gh= 8o w54
FA] FHoke] AR A]ECE V|FHAWE 2002
W o]% tiFdlE o] AREE AL glom (Willlams
et al, 2011), W& A% d=87F B AA
oL}, Zgel gallA AtEo] FstEHE T AME
o mgoRE 3Pt ot FES o
ZFH(Tedim et al, 2013). FXAOC 2=, 1]
=9 A AA AHE WA 172 1~2%¢] 3l
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FIGURE 1. Research process
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W (ofnt O U= (ot == B =163 Zo3lEl= R OO O
%17]_74]_/':% o]%é]- , 1:] @%‘J 'LIOHES’/]' 4E7E :FLT':O]'ME]'- ‘l‘x_gl'x_ oTrEéE T
- _ 3t Q= AUE & HAdgdoa] wo] WA
AU 7Fow PEERB  HUonL ] 1A Mg W T Adadeld ol iy

. I = A ek ]l7 T £ Ax
(Maximum Likelihood)& 43l £ 9% she slom <heiA ) el
i s VA P me awEs yekd Ao o
BRE sk 5 pada padd e e o
A . ;
% . -‘7]3]173 X U].TI]:‘H ] 1;1_74]94 Ei’ﬂ ] E‘”O] Pe] ‘_E]'(Ormeno et 3/ 2009, Kim et 2]
T 2011a). ATk AY B 2= Q= 2y
HE gustel gREFE o, ol #p - e e
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AaA|uke] EXS %%3}7] BERE S Epes A=E vlshe FHAEUE(crown bulk
TABLE 1. Basic statistics for forest fire
Ignition Suppression Fire Cause Satellite image
. ) . . 2011.04.12.
2011.04.01.12:25 2011.04.02.09:25 Yecheon Agricultural activity )
(Rapid eye, 5m)
. . ; L 2011.04.15.
2011.03.30.15:05 2011.04.02.10:00 Uljin Mountain visitor (SPOT=5. 5m)
. ) . 2011.04.15.
2011.04.01.21:10 2011.04.02.09:25  Yeongdeok Waste burning (SPOT—5. 5m)
2011.03.30.15:55 2011.03.31.12:50 Goryeong Welding a shed 2011.04.12.

(Rapid eye, 5m)
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TABLE 2. Dependent variables for crown fire propagation probability equation

Variables

Reference

Forest type(4type)
Crown bulk density

Korea Forest Service
Kim et al., 2011b.

Fuel Crown base height Kim et al., 2011b.

Crown fuel load Kim et al., 2011b.

Heat load Index McCune and Keon, 2002.

Solar radiation National Institute qf Meteorological Research, Feb. to Apr.,
Weather 1998—2098. Cell size 4km

Solar insolation Fu and Rich, 2002. .

Feb. to Apr., 2011. Unit=WH/m*

Wind speed National Institute of Meteorological Research, Cell size 1km

Aspect Using DEM, Cell size 10m

Slope Using DEM, Cell size 10m

Slope cosine aspect Stage, 1976. slope*cosine(aspect)

Slope sine aspect Stage, 1976. slope*sine(aspect)
Topography Folded aspect McCune and Keon, 2002. |180—|aspect—225] |

Elevation Using DEM, Cell size 10m

Elevation relief ratio  Matt, 2008. 3X3 cell. (mean—min)/(max—min)

Curvature Using DEM, Cell size 10m

Plan curvature
Profile curvature

Using DEM, Cell size 10m
Using DEM, Cell size 10m

density, kg/m’) ¢} FHATZ (crown fuel load,
ton/ha), AEZFON FHS7EAE] =olQl 3
0] (crown base height) & #3122 7&
A7 AEE AT F e 8AE oAXN
(Sando and Wick, 1972; Mutch et al,
1993). FHAsFY FHAEUEE Kim et
al. (2011b)e] AAIS FIAHD)E olgst o
S AN (FRARZE nW=4,+4nD, F¥
FAHEE Ay FTRATHS S8 AHo
2 e 3AE ARSSEith
71V F ANE, o] T AAREE A4
o] A &3}
eSS etk d9Edd dup e oF
=25 A7l 98 McCune an
Keon(2002) 2] HLI(heat load index) 2} Fu
and Rich(2002) 2] YA} (solar insolation),
83 T4 (National Institute  of
Meteorological Research, NIMR) o|4] &3t
BjoFe] X% (solar radiation) 5 UAFEFI
¥ F 3719 AmE st 7 Aol
Fo ARPEHE o] &8 = skl

o

vl AbEo] FMbEE gl ek uistE A
Wil 7P A5Y Qe .4 e
(Sardoy et al, 2007; Koo et al, 2010). ¥
ATelxE FH7VEAT A 5 T A
T (wind speed) 2] 2~49 H S o]g3sl% )
ojglef] TR W AUlFE T% AR Uy
sk #Rle]l Qe AowE A o
(Hessburg et al, 2007; Holden et al,
2009), ¥ Aelx= Fsfi#] Aol A3et o
= HloJElE 53717 ofle] AlLl= ek
AGRMAR= AHE oA £9] dx 4 v

FEFS T, Yot abEe] dojupd At

7.

S
Q2 JAAZ AAH, 7|E AR 95 &

o AFE WHEE W AYPFEe] AMEH=
olg] LS TR 3to], APAEF(aspect) -
AbHAZAA M (slope) - 1L% (elevation) - AFA=E
(curvature) - =& (plan curvature) - T
21& (profile curvature) 2] AP A} Abd
kol AgES 3 Stage(1976) 9] ARl HAL
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3 (slope cosine aspect) ¥} #¢1 AL (slope
sine aspect), NE-SWE& FHo07 k=0
22 e AYEE WHEst McCune and
Keon(2002) 2] W3t AbHZE(folded aspect),
Matt et al.(2008) 2] g4l L=AE T8}
= 7185 (elevation relief ratio) 5 % 107H
ol AFE FE3IITh

o AFEE tlolEE BT 10x10m
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Ams 7RSSR A AR A7 1km
(&=, dkm(EF=) o] SR FFHE AT
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o] ¥38ty]7] wjFof 1 Alo] FS E3low

B3kt w9 B3 <lx}(aspect, folded

aspect) & 8WHlZ TEeIlon, FHdsY
T

S o] - AR - HLL - GARE - Akl
ZAANEE - IR AR - AP E - AYEE -
FTHIE T2 7 o] U HiesE zk
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il 7}01]/\1,] 71e}A
A ()l thgk #1@in (@9 Hl(a/m)E A
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ol o]yt ArkS FalA YERdt
1= 2 #el =275 7319 533t
ggo] Erha & 4 Qlth wix|EoR
T ZAAEH IARFE o]
skt %zﬂ FAe SAS 9.1.39] ZA|AE
A AaLE o] g8kl Hysly, g A
LolelEE 5% FFolA stepwise
< o] g3gltt. olyet WHez w4 Ul
H8 TAE 24 S sl HE
E4S TEY e ¥3(2010)
AH2012) e Ak 2
WHo g ARV EE ERS H, =%
Agst Avte)l nwrozHn HATS 213y

J&?L 4 2 9
r-|-4_u

_>L

o> o £ lb (B of % ofo ofN b o) (i omu = 1
Hm

e mlo
_yl

O
—_

2 5 Aok I9 3 9 E 39 gk,

odo] F3:AAA 199.5ha, 7JEFALA]

671.9ha, & 871.5ha® 7} ilszW*Ol we

Rozw EAFUUL FHHARE ==
Yeongdeok Goryeong

FIGURE 3. Result of fire severity classification(black: crown fire, red: non—crown fire)
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TABLE 3. Descriptive statistics of fire severity classification unit : ha(%)
Forest fire Crown fire Non—Crown fire Total
Yecheon 199.5 (22.9%) 671.9 (77.1%) 871.5
Uljin 16.7 (11.6%) 127.0 (88.4%) 143.7
Yeongdeok 46.9 (35.1%) 86.9 (64.9%) 133.8
Goryeong 60.9 (21.0%) 229.3 (79.0%) 290.2

35.1%, I 229%, 1% 21.0% &3
11.6%%, B 22.6%° FHdLE&S B3t
VE AA Aol vl Faa vl
o] 7 A Yehtar glom, Wil 312
Al ddAe welld 7P A2 eaxa Wy
7 Bl&E wola gl

2. f|FHL F2HE +EHAH| A ZX(AF
2HEM Zat
1871 W5=e] 73hd il aan] gl o o
TVeAE e Ade B o4s 2o, ol E
2 ZAAE 3RS ¢ A e we
o 3 58 Ak AR 1, 7RI UK,
AU 670 F R boes

I oo
=
1o
i
&
sk
2

AR/} FolAM= bl e =glom,
FAFE>EardEAERTd o= 7
FA7F A=A R HdeHEe 9
o] AA Yelhtor, 1 tgo® EFol
Rt 3 F4d Huks 23] v|dEA|
7F A EAERIN ol )i A9 <
E7F Ao, vdEAe] oigt dAs @
2 o]FOJX|A] ¢ro} AhEHo] wo] FAL
o FgEc 3 sHdasy - SR
A% - pyhEo] 52 AEEA ¢ =
ol FEHA AFSEHAE 43 AT S
T AR AR, Bop Agdet o]
o] gnrt sttt ATk olF flE 53
5aF s X3 9Y<] DBTS A717F
AHEIE] AlZ|ET Fo] AHETEiA R wY
Holl whz} A go] 7l

7174612 Fo A= Fu and Rich(2002) 9]
o g 5k AUAlE(solar insolation)©] 4l
gxglon, UAfgo] =2 bAoA

2go] BRI A gt AA vEEiA e ¢
otk 1~273F 5, A dAREFTAE A Y
Wt T oE Ao Fgo=E oyt wAyst
T ZoF gpotHnt thE 7RIANE AEEHXA
A=, o AMEIEIAE F2 AR
H kA YERGE R 10m 9 ® B4
o] Fou, 71RIARE A 1km ©HEE
.__rL

Zxo] 1 RS FHSH= © WA i
Row ekEth HLIE 10m @92 7559
o} HE AuEA Eakck

AGAAR= & 107 Follx] APAEE - IRkl
AV - AEEE - FEEES Agstr U
2l 6709 W7t A= o, AP AR A
Ql AALE 5 APde] 71E7]E whgsh Wil
s|AAITE S A E AT

7HE Ee AWEE Ad Wes w9 7]
52 1% (elevation) = 250~500m -7kl
A kel wlEste] FRALN7E ol
500m oA axe] wHH|#Ee=T] o]=
AGrHe] el Aol Q= AOE AMREH
o] F7} #4o] QF¥rt ¢, Holden et
al(2009) 8] AFATelA= kel vl st
a7t S4e A2 WAo] A& L
gt 0~250m TRIeM = 54 WAl v
ElLA] kgkom ol HE Q4Fd o)A
who] ¥gE Zlow AlgETh

Adidel 1% ZE . Al 71E
(elevation relief ratio) & %2 A4¥
Ao Uepgow, #RHEEE 7|EEC &
5 TS =4 dekstth HEE AREEE
(folded aspect) < H& & @A AP A <]
FHALRTY Fow, HAMHY] TS
A on = Zto}zict, =& (plan
curvature) 53t glo] sobdas Tof vlFs)
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TABLE 4. Range and weights of each dependent variable for crown fire propagation
probability equation

Variables Variables
Range Ratio Weights Range Ratio Weights
Forest type Slope sine aspect
coniferous 1.258 100 _
mixed 0.610 68 o T 1089 %
Deciduous 0.155 0 46 — -8 0.955 7
others 0.506 32 8 -0 0.936
Crown bulk density 0-—-8 0.960 9
<019 08 55 8 — 16 0.974 15
0.19-0.24 75 100 18224 1014 30
0.24—0.40 14 90 195 100
Crown base height Slope cosine aspect
< 3.460 0.837 58 (=24 1.174 93
3.46—4.16 1.456 100 24 — —16 1.004 30
4.16-5.22 1.345 92 -16 — -8 0.943 7
5.22—-6.81 0.000 0 -8 -0 0.973 18
> 6.81 0.498 34 8O 7186 68%‘51 303
< 2718.60 cronn 1ue clJogga 55 16 _2424 ?:1958 11070
2718.60—7797.55 1.535 100 ? '
7797.55—16510.19 1.375 90 Curvature
Heat load Index
< 0.55 0.975 22 < —=3.00 0.703 0
0.55-0.65 0.9583 0 -3.00 — —1.50 0.862 30
0.65—0.76 1.051 100 -1.50 — —=0.75 0.943 46
0.76—0.86 1.018 67 -0.75 — 0.50 0.964 50
> 0.86 0.993 41 89% - (1).75 }?38 %
[ 48 150 - 3.00 1139 55
181032—220257 0.777 15 ) ’
586040320035 0.972 40 <2300 P'anoég%at“re
> 320935 1.438 100 ~3.00 ~ =1.50 0809 20
E S I B
2o 9-82¢ 1 0.00 — 0.75 1.025 53
90-135 1.042 44 0.75 — 1.50 1.116 67
135-180 1.462 100 1.50 — 3.00 1.151 72
535755 1133 8 > 300 o oo 1%
570-315 0.850 19 - Prom? Sunare 100
315-360 0.705 _35g 2 :
3.00 1.50 1.113
E S BT B
0.0—-22.5 0.743 0 -V -V .
22.5-45.0 0.813 13 0.00 — 0.75 1.005 69
45.0-67.5 0.889 27 0.75 — 0 0.935 55
67.5-90.0 0.919 33 1.50 — 3.00 0.832 35
113871588 1980 % 30 i
135.0-1575 1:209 91 oo E E'gfé'g” 39
157.5-180.0 1.179 81 50 — 100 0.958 57
Slope 100 — 150 0.702 42
580 ~ 580 0:851 23
d8 1988 8 550 — 300 1.038 62
10 — 15 0.751 0 300 — 400 1.333 7!
15 — 20 0.791 8 400 — 500 1.685 100
20 — 25 0.843 19 500 — 600 0.555 33
25 — 30 0.980 47 600 — 700 0.399 24
< 30 1.240 100 > 700 0.000 0
Elevation relief ratio
< 0.40 0.376
0.40 — 0.45 0.739 32
0.45 — 0.50 0.972 53
0.50 — 0.55 1.086 63
0.55 — 0.60 1.147 68
> 0.60 1.511 100




EXAY HFRHE o5t UMY

of W/ F -0

Y4 Yyt 9

—n

TABLE 5. Result of logistic regression model for crown fire propagation probability

equation
Estimate Standard error  Wald chi—square Pr > Chisq
Intercept —3.5135 0.1669 443.4316 <.0001
Elevation 0.0158 0.0014 128.0506 <.0001
Plan curvature 0.0045 0.0010 19.2352 <.0001
Elevation relief ratio 0.0107 0.0010 111.2945 <.0001
Folded aspect 0.0050 0.0007 53.5175 <.0001
Slope 0.0022 0.0006 11.2590 0.0008
Slope sine aspect 0.0018 0.0006 7.2687 0.0070
Solar insolation 0.0024 0.0006 15.2045 <.0001
Forest type 0.0150 0.0013 137.9679 <.0001

o oKt} &, Al /e SE FEa
H|7} EolrE Aow BAEQTE o] Lee
et al(2008)¢] ATAH M=AbA s A
o] abE T et Erhs S S vk Qlok
APAZAL(slope) = 155 o]AkollA] ZAAte] H]
#3f Zolx|=dl, ©]= Holden et al(2009) 2]
ATATAAME 165 ode] HAteA] Ak
st & Flow FAETh g, 15% o]
ake] At 3]8 WFErs et =
L= AR B o) g S e s LA M
T e als o AWzl ddo] et
WA o= Ao® s sh= Zlo] niEAlsit)
shd, dRbFoR wo] AZEE AREAAL
(slope) Bt} 7135 (elevation relief ratio) 2]
Arggo] A Vet Zlo g u|jgo]l uj o
& DEMO] APHZBARE HER o] 8dh= AWth=
TR Ht W FHA FHo 1=E s A
ARl H|E &8dh= Flo] Ao gl B 1
FE ASehs dl KBk A3 Aow Alg¥th
el AAFEE(Slope sine aspect) & #& A
ARl Bk ApEERo] A o B 5%
d o o @2 IdlE Y, AP ok o o]
& Aol o] sl vERH, AAE AsiAd
A om I pol= AR Ak A1 ghETh=

IR Fholl &It &, FARTR: & APHA
o] M| zfo|7} & Aogt oA Rl W
AP e LAt d|lo] vhex] kot
AnAoz g 1% o)A w, = 250m
oPFelA moldpE FHRHAL FEO] FoH
WS AFTFHY o, 7]Ee] A
]

A3 g, BEE
AP B e g A A, A
T, ARl BETs, APAAPE 155% ©]
FelA moHdaE, W2 ArtlME % Abd
A Aol Fadange] £ Jlow sidH
oh tiA Ao B uwsl BARE Hol: 3
M wkdde] wol veht A ddE
oA ob=th

BA2E SR Ay AP W] 39
Ae 12 > 94 > 715E > HE AP >
F=g > AR > APAAL > AL AR
o o FAHY ol i, 9F %=
ool Al Exstal Q= AnTF Foelst
AbeHEE TP 2 A, Akee] et gl
Am E¥ol 4TS F= VIHE Y A¥L
Jl, throw dme Ax Y som
aof e A JloR Ak oow,
As7F AzEe] e Wl 7150 & A
& Ehal Fasteito]l FEHY, ol JHTd

TABLE 6. Crown fire propagation probability equation for other forest fire

Forest fire Crown fire Non—crown fire
Pohang 0.49
Susan 0.52
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