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Abstract: This study evaluated the influence of forest road presence on wildfire spread by systematically comparing
observed wildfire perimeters with simulation-based predictions for major wildfire events in South Korea in 2023. Of
eight large-scale wildfires (>100 ha), five representative cases (Hapcheon, Yeongju, Geumsan-Daejeon, Hampyeong,
and Hadong) were selected for detailed analysis. Four study areas contained established forest road networks, whereas
Hadong had no forest roads. Focusing on nighttime periods when aerial suppression was not conducted, predicted burned
extents were compared with actual wildfire progression. Areas with forest roads showed a substantially greater reduction
in burned area, with an average reduction factor of 2.6, compared with 1.4 in areas without roads, highlighting the
fire-mitigating function of forest roads. Furthermore, three-dimensional wildfire simulations using the Fire Dynamics
Simulator were performed for a virtual forest stand in Goseong-gun, Gangwon Province. Simulation results demonstrated
lower fuel consumption, fire intensity, and flame length in landscapes containing forest roads. Mitigation effects were
strongest when the wind direction was aligned parallel to the road orientation. Collectively, these results provide robust
scientific evidence to inform the strategic planning of forest road networks and the optimized allocation of wildfire
suppression resources, thereby supporting improved wildfire mitigation and response policies.
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N B Sl tie A4 27 S 2 ol B ANl A

I} qrate]] RS wA 4= Qe B, AEE o]gske Qxt

Qi ARgo] o] F5he © glof Beld g, Ak sk o wEo| oa) AR e F1E AT & 4 At
(Covington and Moore, 1992). 13 of|%= E151al 2 A1 E g

* Corresponding author I e /‘]‘EJ—]' wAsto] ofe] 715 S
E-mail: chungeun@korea.kr Qlom, AR 9J3o] =2 7|7l Tot o g I 2]
ORCID EP3t 5 glomm ZM% E3h AN WS Al A

chungeun Kwon https://orcid.org/0000-0002-7392-9246

550



Y7t AhEhl eeje] vixle gk 20231 3 =8 AkeARer Aledlold Autel vlal 4 551

Al W2 22 715 & 4= JtKCalvani et al., 1999).
qhEol| 2lol Tagt 7% T shuE stido] ThsRt &
w7 AHEo] ZPdRtE]o mEet 4= QA she ek s,
Ak 218} Aujl A] a2 e Zgsto] she] ke
S =9 4= gltk(Laschi et al., 2019). AR 237} v)wA
& AolME =T B WS AT sto] ke
M EEE =33 A8F0]L A&7 X3} 7hssHA| 5t
of =87} FoE Fol=t =5 £ 4 AtHDemir et al,
2009). o] ol %13} T JIZeNTAIAA, 71714, 54l
FA7] 58 aEA AR FAPRE o= Fa%t AT
sh, w7 Zagt A3of ¢far WA gsHA she 1t
ZkAo] A 3E 4 QltiLaschi et al., 2019).

Qo= U= A Al 4hE XBHE arefsie] fEdE,
e o], & 5ol thet FAge AAshs A7t 3t
H} Qlek ARE RIsh A7EA] It A7) o) F sk AR
ko] 2[20) Qg e APYEE vl glom, AHEehikid
= o83l Erof| =S o 3} 0|4 HolE st
A9 Zo], & =& APYSE v} It Croisé and Crouzet,
1975; De Montgolfier, 1989). T3k, &7} 2)AL Hkgs}o]
Q=S olge UspjsoR AEAIE} FRset 24 W
Tejss QTS Sasiaon, Asidide] 2 e i
3} ABE 7Nk AR ol 24 BETS TEs}o]
3} a5 vusks A5 3% HE QItH(Pentek et al.,
2008; Psilovikos et al., 2011) o] = AHEZAISE A] U=
2ol izt avE ASshe A= 3D AbEdEAlET 0]
A Z2IO(PyroSim)E &8sto] AAL 55, dx & F
20 A= AR At avE Ak A7 Ak
(Zhongliang et al., 2020).

o] 74 QEol 4bE 7ko] AlkEbAlel Tk A o
2 njge Aol M REHQ ARTIE i U
ojgto] Azl et TRl AT 07 SN 3
2 =58 W 200340) AEeIA) % Qe A
o - Tk QA BT TeR QR F4lomiy
o] Aelo| w2 AkE T8l AeE EFote] Ao F48S
A% A7t ea8E vF QltHHwang et al., 2024). A4
oA AHAEE 9o A Falo] s mE e

X o

A

o)
y

¢
P

?‘

-

rr

1
o g

o
R

<

oF Q=g Aglo] o, AXAOR 43 Bk ek 1
ol sk il Zo] 4% 9 ujsh 50w it
AHEBHY A o} ARSI lole olelol olek. whebA, 2k
o= A7 S o] g3 115k 2elo] ololx|ul, AthHow up
o] A7IL 7]20] Yol ofzho] Mkl S Felsto]
A8t 491 S gick o] Tpgellq Asielelo] HgA
o A8} AL Sl e B Hasl]
&3l AHEe] ZPgle) om Hasks o] Fash
ul, GHo] AR e TBIAS 1 oEe] BEEL £S
Ao ArE

wehd 2 QoA 20239 HiRARE AElE BAlow
Sejarlmstelol A A AR skiel S A0 Aol A
A ke vl - BAlsl] QlEe] AN PEshid sge.
v, 3D AHEAE BALE B3 UmT} AREEHe] mlxe o
e Wepon pestud sk

Mz H a4

1. G272 Hel ¥ X

2 Aol A="231d0] EAYRE 100 ha oo thgike wis)
A A EEsiglon, dm=o| avE Fsty] ffsl ws)
AW d=2F s iAol YT fle wsiAlR T2t
Arg S 53], Y=E ol8sto] AsAkdE 7Y

i

3 79 AREEHIo] ofm YRS TS 2] 98 &
77k Bt ABARE olSRE AEAZ O] ASE
AbESMlelS Zatel vl - B4l ol S| $Isl
D~@efl e 4H20] A9 Aol A Aeisiic.
D ozlel] AHEBHA AT} Gl A%
@ F7kel) WBREo] o} ofztoll AHREHAL AMHY] WakE
e A
@ ko] oju] A} B A
@ AREEpE Wako. 2 w27} to} ofzh] Hskaiel wx|
7 Vs A

Table 1. Overview of site characteristics during nighttime for the 2023 major wildfires.

Wildfire Damage area (ha) Wind speed (m/s) Relative humidity (%) Temperature (°C) Forest road
Hapcheon 179.1 0.44 63.83 10.13 o
Youngju 244.5 1.60 67.56 4.89 (0}
Geumsan - Daejeon 889.4 3.04 38.33 11.78 o
Hampyeong 681.72 2.33 54.22 13.78 (0}
Hadong 128.5 0.44 59.13 12.13 X
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Figure 1. Temporal comparison between observed and predicted wildfire spread area(left: Hapcheon wildfire, right: Youngju

wildfire).
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Table 2. Comparison of wildfire spread area reduction by forest road availability and suppression resource deployment.

wildfire spread area(ha)

Wildfire Fold reduction Forest road Suppression resource
Predicted Observed
Hapcheon 128 42 3.0 O ¢
Youngju 62 45 2.0 @) O
Geumsan - Daejeon 30 13 2.3 @) O
Hampyeong 59 19 3.1 @) O
Hadong 89 44 1.4 X X
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Figure 2. 3D Forest Representation of a Thinning Test Site With Forest Roads in Goseong-gun.
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