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Yoo, Jiyoung*, Han, Jeongwoo**, Kim, Dongwook***, Kim, Tae-Woong****

Evaluating Impact Factors of Forest Fire Occurrences in Gangwon
Province Using PLS-SEM: A Focus on Drought and Meteorological
Factors

ABSTRACT

Although forest fires are more often triggered by artificial causes than by natural causes, the combustion conditions that spread forest
fire damage over a large area are affected by natural phenomena. Therefore, using partial least squares structural equation modeling
(PLS-SEM), which can analyze the dependent and causal relationships between various factors, this study evaluated the causal
relationships and relative influences between forest fire, weather, and drought, taking Gangwon Province as our sample region. The
results indicated that the impact of drought on forest fires was 27 % and that of the weather was 38 %. In addition, forest fires in spring
accounted for about 60 % of total forest fires. This indicatesthat along with meteorological factors, the autumn and winter droughts in
the previous year affected forest fires. In assessing the risk of forest fires, if severe meteorological droughts occur in autumn and winter,
the probability of forest fires may increase in the spring of the following year.
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PLS-SEM& 0] 83} 7w ALE Hhao] o3

LME

2 7153} 5] YRIeE A AR 2y theo] Al
WRSte] =714 Aldo 2 BZbe Qlt)(Korea Forest Service,
2020). oJefgt 7FFHISh= 41 o9follw THge] RHNIE 9 s
HA Z7PAIL QLor, 7HEe) RO QI i A e
ShAo] thek &= t}E vy elo 2 283 =% ltl(Barbero
et al,, 2014; Clarke and Evans, 2019). 2 S0, 71a3} 22
FEURRE HIRE viEt 55 5 of] S7lelE vt vhEA
o= WISl 7HHR) MalE el glek Seltel
785, A 10620092018\ &<t o 432719 4hgo] ys)
o] 670 hae] 4kglo] 2xsgick webd, W] W 1A 71574
FHE 7k IAIE ofFElr] g =glo] FQsith

A efukelelr] EEhs AR i AR RIETh
= Qo] $F0] 53} B Q1912 Aglo e Wyshs Aoz
A& dri(Korea Forest Service, 2020). 12U}, o]2]3k 2Hao]
Ul SRISH ela $AS 2] AEe) 2 1eH
(MM, F%, 712 9), VI 7)ol s Rk A
Ak 2 el A B0 G 718 £ e T as
stk 7R e I T Asiole) Bae S sek
% lofol thtmA] BgAsE Abdo] g 4 QtkMarin
et al., 2017).

e sfo THR R olgk 2K Wle] IR s
A7} g 1YL Qlek oS E0], McEvoy et al(2019)&
Ae)Eeluricls 219 of S48k 7R 2keals) (ko] SIS
Al 7RIS E83te] i s e 7 Sl 7 s
Fol3oitt 53k ENSO (El NifioSouthern Oscillation) $74:0 2
sl dHtelE 715 231w AL el BRA| HelA s
ZHEvjelel Zhaoll GRS WA, o] = ¢I8) A Jte] HHEAdw
=20 2 JeRdtZahiga-Vasquez et al., 2019).

FEjugelrs 7PN, 5% F5 5] WEdl wet
AR SRR Ajo|7t MAEh= dS SHEkE A(Lee et
al., 2004; Won et al., 2006; Won et al., 2010; Sung et al.,
20107} o R T Sl 715 WSt gk s
= g g V1R 50 9T mEsle] HRIIES dSshe
A7} A== Yt Won et al,, 2016). o498 Zj A18§odTo]
A O AR 2] FF 821s 71l

e

shstar gLk Ak o) R VI 5 Sl TR 2918

o MR A1l I 8912 A Tletel] Sislel Z1ast
S9N Tie] IRE ZHEASE Teiste] A Wl e

9% AL sk
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ArkH o 7 thHwF QIAFE algfete] JIFAAE FESh7] 218l
M R B, FAE B4, SRR, a8 Se) T
BAZ 718 &83t)(Bifulco et al., 2014; Nogueira et al.,
2017; Marin et al., 2017; Urbieta et al.,, 2015). 12t} 2 Aolid=
2R, AR, FARAL FR6 BE w55 Al ok
4 B IFAIE sffshe Alo] 7Fedh FREE AR T
(Partial Least Squares—Structural Equation Modeling, PLS-SEM)
< BES o] BAL A USo] BT TS 24
FE2] A¥ATo 2 Yehl= 7158 (weight relation) 2 34
= = o] itk(Fomell and Cha, 1994). 2 el=rolxd=
PLS-SEMS 7ike 2 8lo] 7)13%40e] J3kas), 5 oM
2R a9 55 sk A7 734 vt SltkAnh et al,, 2018;
Djimesah et al., 2018).

£ A= PLS-SEM 7Rke 2 slo] < 5\ B9 whaysl
ZFAE RS e s slol, 7k B 7S agle] ke Al
" JFEIHE BBk 2, Ahgo] W] o)) FhE
el 7P AbEe] FAIQRIe R gt QIHIAIE
7¥ISIE) ol& SRR () ol ARk AhE v =791
Zn At ) A A A st i) o
AR Tk 7hE B 7V, TefaL akEste] QIaAlE st
31, (i) PLS-SEM 71 54 49ls 212 whle] o a9l

LG

—

2. BAIE 2 oI

2.1 BAXR

et AN AR EAISELS: Z]ke 2 APl 71
AE-PdEAE AR R A8t AESREE 4TAI(S
W, B5-F9, 57, migE-AthE dEshe =i
H] 2 AELS gofsal Qlrk: 2 itolxde= A Ak VS-S
ooz 2 2015E5E 2020 69 717 ofufell A= 1874
AR SR AR 2 AbE wAHA A8E S8l
g BT 7K 2 W ARE TEP) fslel, 1
(Feh=FrPd==d1](Automated Synoptic Observing System,
ASOS) 2 257 Pda==31](Automatic Weather Station, AWS)
2 928 A ARE RIS A8sie] B ele) AR
WSSk o]F TNke R o w9} A E 2% ARE o8
Fhge AgEs TSIk Wk VI 67h 1 44 olget
o] A Standardized Precipitation Index, SPI)E 28z
PRI 7 SRS Alefsle] A B A
Z+(Standardized Precipitation Evapotranspiration Index, SPEI)&
W) D AN IS ke ekl A 288t
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WA 0 2 THE-7 P 3] IS B Sfeiae
T U= SRS AH a7 Zesi Atk
W A= 187] Al gk 50271 2HE
LS 2d7g 4] 1ol 28k PLS 72247
2] BEe 2R, 3|FRA, 98] Fdslo] whdd Tt
A2128(Structural Equation Modeling, SEM)-& 7]8ko & 3fat
Ak olHg T By IAE TSR vl =27
F7H 8 Ao glom, ol FRAE 7] TR Y
(Covariance-based SEM, CB-SEM)¥} B3 2Aly T4
(Partial Least Squares- SEM, PLS-SEM)2 2 E-Et}(Hair et
al., 2014). CB-SEM2 of&] w5 7ke] AAIZQ] #A1e] ks
FRIE== ARDste] A ol&s 5tk 2 &gt v
PLS-SEM& 2 g4 dtol|A] o] & Jdsh= v ARS-wm,
EA%F QA A B oSl 28] 2 AFelids AHE)
HXR= TR 93 891 T 7R 7P At 1) lkbAlE
M8z o] Fa FAo]7] wiEe] PLS-SEMS 283kt

Fig. 12 PLS-SEMS] ®I&= #AIE AZF 02 Jehll= 7=
otk o7IM AR Z4o] HA| & vigE BRGNP R
BAIEM, 2 #5925} A wgE 2RREEESED L
2 3 gk 1Y U] v Aol QAR SRR LieR)
Uk =, PLS-SEM2 7] 7 7HA)9] B(F2RE, SHER)S
2 A=, AR 7ke] 725 YERE 72523 (Structural
Model, W-58)7 FAGE Ashs #5352 $AE Vet
U= S E Y (Measurement Model, £J5F-23)0 2 FJHc)
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Fig. 1. Conceptual Diagram for PLS-SEM

, outer model B U 342} etek 24 uaeld), =,
S} Bl gl AKX S A ek
S, Wil st o] Qe AHAMS(Y)E Y Al
i S B ORI 71, TS e vkl 2719
Shg el A Vel shulel U AAhass et
Slow, Zzte] s Ul SHRHETIPE olaatol
PLS-SEMS 753151t dyhd o 2 PLS-SEMox= S4HS
So] AASE Akt 2 ERlEAE e oRwE B}
o} FAATE 7] A BFdES ke WiRRE 7t
£ $=383l}(Nunnally, 1978; Fornell and Larcker, 1981; Hair
et al., 1998; Shipley, 2000).
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Fig. 2. Example of Data Construction-Related Preceding Drought, Meteorological Conditions, and Forest Fire
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AESL] Sleixte o 74, 144, 21, 2899] M8 7=t
TEo] As)E ©k7] 7HX(SPI3, SPEI3) 2 #7] 7H(SPI6, SPEI6)
o] JFE HESTE o= Hd TR o 7A|e] 7V s
whegste] 2P 71V TReAlRel T AN Ry 1714
olze] 71Feka Qlol o8t TRE-TV-AhE 1k IGHAIE
H7ksh= Jidoltk =, wddl Wshs AhEo) nAs
Adwe] oF, 7k, ALl #Ae 7P 7HE 9 2]
7Vders 21e stk

3. ZAL M3 20| ¥ 201 I}

3.1 1 ZEE A= WMEY BA

2k 20159 192E] 20209 6970 A woxlE & 5024
o] AREo] wgon, ZAE Ul 187) ARuiet A 2y
2] Aoz v 2 o= Uepsiti(Fig. 3(a) D). ©] Tl
FAA(T53)9F FARH633D) oA 7 W AbEe] MAEHIaL
URRORi= 75 4870, 541 457, AT 407, AT 297,
SRR 2570, dE 257, AFHA) 2431, R 237, AT
227, U 2271, 3 217, SR 167, Gk 163, S8
43, S22 27, BA 2702 et

A ZdLAE W HRAER Qs 7P 2 Flsdse] 2y
At At 2019\ 499] dbEoln, o] = Ql8) ZeAl, A,
QA= Zk2t 714.8 ha, 700.0 ha, 342.2 hae] wjsfdz]o]
A ) QlTk o9lel 2017 5 AFAleA WA bR
el 765.1 hao] Zjefrdzio] wAsl o w, thg 538 wyst
= AkEo] 2w s veldis AoR SRlE: oAy e
ol thegibzo] Sh= o= HarsA(f LK) FEfe] 7]

o
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29l 37k 7k 9 e age FHow

S viAjelx] RS gl AR 71t thEe] ek oA
A gERlE 7P a1 x)d o3t JRFor M
Sitk: Fig 3(b)y 24 Abeats 7RE W A= 187) A2
HHAYgE AkaafalHA o] Fjtolt) o7 7R & 7t AkE Jjsid
RS 7|23 | He 74374(1146.7 ha), ZF2AY(1136.0 ha), 2FHA]
(10924 ha) =02 RIS 53k 34 T Ao = whysh
Abge] AeEie s Abso] tigAE R Ske 49420199
IR, ZEA] AR, 20173 AFEA] Aol 1A AR
TEZF 433 & Aeg Ik

Fig. 4= €2 = A Y Jhae] N =E veplia
Rom, HAA 5027 F 1€95H 129704] 2Ag AL 2
437, 397, 11371, 9471, 9471, 5471, 671, 1071, 571, 871, 1771,
197102 RIStk 3k AdEReE BHGY, 449, 59)9)
RIS AR 60 Y%, ALSH(129, 1€, 29)2 20 %, =369,
7Y, 89y 14 %, 7FH9Y, 109, 1192 6 %= FRI=ck
o] Fol] BEe] 4k v = ve- Fu, o] AR Ao
WA= 291 7ke] 3 Ao = o7} ek A= A 2014
W2 3 o] ko] 50~60 % FFo 2 - Yol o] 53
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Fig. 3. Records of Forest Fires from January 2015 to June 2020 in Gangwon Province
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Fig. 4. Monthly Occurrence Frequency of Forest Fires in Gangwon Province

Table 1. Descriptive Statistics for Measured Variables in Latent Variables

V;I;r"il;i)?::s No. [Measured variables Description Unit| Mean | Median j;i?:t?gi Minimum | Maximum
1 TOD Daily temperature °C | 17.83 18.89 9.65 -7.66 39.56
2 T1to7D Daily average temperature 1 to 7 days before °C | 16.22 16.37 9.04 -4.48 37.33
3 T8to14D Daily average temperature 8 to 14 days before °C | 16.71 17.06 9.02 -4.79 38.37
Weather 4 T15t021D Daily average temperature 15 to 21 days before °C | 16.04 16.18 9.02 -4.79 38.07
5 SSHROD Daily sunshine hour hr 9.38 9.66 2.65 0.00 13.51
6 SSHR1to7D  |Daily average sunshine hour 1 to 7 days before hr 8.32 8.30 1.69 3.60 13.17
7 SSHR8to14D | Daily average sunshine hour 8 to 14 days before | hr 8.51 8.72 241 1.80 13.04
8 SSHR15t021D  |Daily average sunshine hour 15 to 21 days before | hr 8.48 8.63 223 0.00 13.35
1 SPI3 1M Monthly SPI3 1 month before — | -0.25 -0.48 1.14 -2.11 2.24
2 SPI32M Monthly SPI3 2 months before — | -0.14 -0.30 1.11 -2.11 2.06
3 SPI33M Monthly SPI3 3 months before — | 0.02 -0.06 1.09 -2.15 2.07
4 SPI61M Monthly SPI6 1 month before — | -0.30 -0.38 0.93 -2.24 3.00
5 SPI62M Monthly SPI6 2 months before — | -027 -0.36 0.88 -2.22 2.46
Drought 6 SPI63M Monthly SPI6 3 months before — | -0.41 -0.44 0.77 -2.54 2.15
7 SPEI3 1M Monthly SPEI3 1 month before — | -0.28 -0.55 1.05 -2.00 1.98
8 SPEI32M Monthly SPEI3 2 months before — | -0.18 -0.35 1.03 -1.76 1.98
9 SPEI33M Monthly SPEI3 3 months before — | -0.03 -0.15 1.02 -2.06 1.98
10 SPEI6IM Monthly SPEI6 1 month before — | -038 -0.50 0.88 -1.81 2.19
11 SPEI62M Monthly SPEI6 2 months before — | -034 -0.40 0.87 -1.82 2.03
12 SPEI63M Monthly SPEI6 3 months before — | -0.54 -0.56 0.81 -1.93 1.84
Forest 1 Area Damaged area by forest fire ha 8.16 0.10 62.18 0.01 765.12
fire 2 Risk Level Risk level for forest fire — 2.13 2.00 0.88 1 4

3.2 PLS-SEM it & 2% X3tM HZ

B Ao e Qo)A dEk & 50279 AR nXE
FEo = 7Pk el 7kl Wik QIaAlE Brslr] f1el
PLS-SEM& 283190t} PLS-SEMS- +48817] $J8iA] & 371(7]

8, 7Ha AR FARTE ARgSIIoM, o FolM oA ZA
Fob g A= 7P 9 vk 9 vERie
Z|%E oJu]3ic). Table 1-& PLS-SEM] Ulm3-S FAdsk=
FAHSE SR A== i) BA1d 548 e

Vol41 No.3 June 2021 213



PLS-SEM& o]4:at I AR ubie] ofa

gk ZAojtk 7|4 ARSE 7P Argi e AHE 3 o]de]
7VdEAE Heplis Ml 9 dxARbelH, Zhedd 2
W= 1709, 27049, 3709 A3 71E-R]4%(SPI3, SPI6, SPEI3,
SPEI6)e|t}. YA FAHSgee} @t thee] Anig+ 4hE
A AR AT E (AL, F9=2, A3, Ao R
T3 Ak

o]x¥ 7% PLS-SEM2] £15-28 H7IE Sfsire S
T Uigh 2Ee ¥ EEE ke B3 B A3es A%
ofF gttt B AFofxe AlEw JrkE fl8 IEuks Ut
(Cronbach’s alpha, C.) A& AFAIITE Unbd o2 AMg-w)e=
C.d] 7IEXE 0.7 ol =5 FH4 0.6 o] Zroltk(Hair et
al., 2011). & 2K 7Hae] FFS vehlie AHe] Co=
0.900]H, 73] FaFes viERE FARTe] Ci= 0.89= 2Hd
ATk F F BT 7IEA] o] gho] A Eo] AlEe HEe
TF3ksck

gk ofe] 7R SRTEe] Guid v QA FEESERIE
AESH= ¥ Efd=(discriminant validity) 7= S4A]%9}
ZAmS ko] At 2R cross loadings)yS 7120 & ER1gi)
5, 9TEE 75 Adle AT AAATE 2 A9sHA
53l B IR UepiIAY BAIR SR fofakA] ¢k SdW
ZXSPEI62M, SPEI63M, SPI33M, SPIG3IM)E A9Jst & 2R

Table 2. Cross Loadings of Manifest Variables

?;?:Ei: Drought Weather Forest fire
SPEI3IM -0.45 -0.28 -0.17
SPEI32M -0.19 -0.11 -0.08
SPEI33M 0.53 0.12 0.21
SPEI6 IM 0.54 0.07 0.21
SPI3 1M -0.43 -0.27 -0.17
SPI32M -0.20 -0.11 -0.08
SPI6 1M 0.44 0.03 0.17
SPI62M 0.31 0.11 0.12
TOD 0.30 0.70 0.32
Tl1to7D 0.29 0.55 0.25
T8to14D 0.29 0.59 0.28
T15t021D 0.27 0.50 0.23
SSHROD 0.22 0.74 0.34
SSHR1to7D 0.28 0.66 0.30
SSHR8to14D 0.16 0.46 0.21
SSHR15t021D 0.18 0.39 0.18
Area 0.13 0.03 0.23
Risk level 0.38 0.47 0.98
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FE A k. 1 F AHE FFEYAY SAREE
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Fig. 5= oPnde] 23w 75 53 2% 24¥ PLS-SEM
< AR Aot £ By U] ZAS 7] QIS M=
U= gigk 7Pt dasith o5 Ssirle PR g
AR A, 1] Ade, RYARIE TR tigh & 37 AES
YA A, A2AF FREL REXERS A8l
4 P(<0.05) ke T3] 5A1F freldse s FrhEich
1 2, ARG 1 A=A el B SAR SR fefet
ABHA S nxE AR I =, 7R 2210)
2bge) WxE Gk 0.27, 7138 QQle] Ak njxj=
gL 0389 Zloz yepdth
S, UK Aol oigk o8 AAiaEe] AEs Wit
7] $13ted, BEe] AuEs veplle 1R 2 YRESHH
Fo] £gkS HEslrk Pukdo g £7Ee 026 oPdel A9,
0.13 0§~0.26 1T (), 0.02 o1~0.13 1|2l A9
2 JESle] 2go) Anes 3713k)(Cohen, 1988). £ G753
oA AR UPR(EZ)HS £3Re 02824, Fekr]E H9d
w2 7 2 7Pek] gkl e Ak whale] drgele
st 4= qlt} AlA, =EA3H(GoF, Goodness of Fit) H7}8HEe
0.36 o)del A(F), 0.25 o)~0.36 RFK] H(F), 0.1 ©
23-0.25 m|ukel Ao(3h 2 TE5te] 371313t Tenenhaus et
al,, 2005). & A7Eo)x AatE GoF e 0.3824], o)
=

O o

o
[<] —

off
s

4

oL
o2

£3

i}

BEIE Wl w=w mYe) ARde AFHdith wee
& gk
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S TRk E RES TSRS W Fig 59F 59 208 VERiL
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2AvdE(Fig. 5¢] 2=0.28 VS Fig. 62] 2=033)& Z7sl= Aoz
RI=M, of= B 2HEe]] PIRlE 7hg 89K o dwe] s
7R AL TREe o8l 2 9 w2 29S¢ 5 SirkFig.
29) AAARE A Far). =3k @A) 717 gip] B ke wixf=
AR J3F As v A, 7P o] 0.38¢04
0360 = T2 Szl Zlo] ST} 3] 7RKiel| thgk Akge] nlxk=
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Pk 53] AL} Bol| L 77loe Akl 71ds
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