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Can the Expansion of Forest Roads Prevent Large Forest Fires?™
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ABSTRACT

This study was conducted to verify the role of forest roads in the extinction of large forest fires in Korea. The
study area was the forest fire-damaged area of Gangneung City, Gangwon Special Self-Governing Province,
in April 2023, which is one of the areas with the highest road density among the major forest fires that have
occurred so far. The scope of the forest fire damage area was confirmed through on-site survey, and the intensity
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of'the fire was carried out through Sentinel-2 satellite imagery analysis. After that, the relationship between the
damage range and intensity and the forest road was examined. About 59.6 km of roads were built within 50 m
from the boundary of the forest fire damage area, which can easily access the entire 149.1 ha of forest fire
damaged area. The road density is as high as 168.9 m/ha. All forests that were fragmented by roads were
fragmented into 83 places, and all of these forests could be judged to have spread by spotting fire. As a result
of analyzing the distribution of damage intensity by distance from the road to see the extent of damage according

to the ease of access of fire extinguishing vehicles, it was confirmed that the proportion of areas with
low-intensity damage has increased sharply even from 75 m or more away from the road. The results of
analyzing the distribution of damage intensity by altitude to see the extent of damage according to the ease of
access of fire extinguishing showed that the proportion of areas with low-intensity damage increased as the

altitude increased, while the proportion of areas with damage of more than strong intensity decreased as the
altitude increased. It was confirmed that there is no data that roads inside or adjacent to forests in the forest fire
area of Gangneung City are effective in extinguishing forest fires. These results are contrary to the logic that

increasing the road density in forests is effective in extinguishing forest fires. In the case of this fire area in
Gangneung City, the road density is 43 times higher than the current road density in Korea claimed by the Korea
Forest Service of 3.9 m/ha. This study suggests that roads can be a hindrance to extinguishing forest fires.

KEY WORDS: DENSITY OF FOREST ROAD, LARGE FOREST FIRE, FIRE EXTINGUISHING,

SENTINEL-2, SPOTTING FIRE
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Figure 1. Key map of study site.
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Table 1. Burn severity levels by dNBR (Lutes ef al., 2006)

U.S. Geological Survey

Severity Level

dNBR Range(scaled by 103)

Burn Severity

Enhanced Regrowth, high (post-fire) -500 to -251 -
Enhanced Regrowth, low (post-fire) -250 to -101 -
Unburned -100 to +99 -

Low Severity

+100 to +269

Low Severity

Moderate-low Severity

+270 to +439

Moderate Severity

Moderate-high Severity

+440 to +659

High Severity

High Severity

+660 to +1,300

Very High Severity

TdEtWon et al.,, 2007). USDAO9]| A= Fire Effects
Monitoring and Inventory System(Lutes et al., 2006)S &
ol 914 Aol B4 Rl AR Bel 7 @l
U2 T EFHEE AAISH=t(Table 1), INBRZO] %
845 o A7 4 UEhfe, dNBR to] 2441 A
o2 sh) WAy ol A4S AAS eItk $eluet
o] 7 Scntinel28 o] 83 AHETSIAE AFE o}d %
HE B glon, o) dAgtolA USGS9| gk A=
Z45to] ARSI THYoun and Jeong, 2019). & ¢5Lof| A
£ USGS9| 7138 Z28atgom, AFZALS B3] AleT]
371 = A9 BAE AAsto], 1591 d/dolA Ha)
BE7t §ls Aor BRI A Yo i ot vsiE
e Aolom 7hzsidr.

NBR = (NIR - SWIR) / (NIR + SWIR) (1)
dNBR = prefireNBR - postfireNBR 2)

Sentinel-2+= 3 $-5=(European Space Agency, ESA)
I+ 4 29 717HCopemicus Programme)of A 7§'d2t
AT 85 P AlLF oA, TR A B5 F42 Sl
e HEAHER Fo GAS AlERIth 13719 W
£ 7KL e Zh wieo] ¥t s e 10m, 20m, 60m=
t}2 A A|-&3tc). £3] Sentinel Analysis Ready Data(ARD)
+ Sentinel 91/ Al2goA £33 914 FA HlolHE
A Aelsto] 24 B 28e A & 4 =S FHE
glole P4l Uee, & dAtelxls ti712A, 715k,
T5 2 IHA AA T ALDd A Al 2ag AA
T AlFE= Level-2A 942 ARSIt

Table 2. Band information of Sentinel-2 bands used in this study (ESA, 2015)

Acquisition date Sentinel-2 Bands Wavelength (um) Resolution (m)
B1 Coastal aerosol 0.443 60
B2 Blue 0.490 10
B3 Green 0.560 10
B4 Red 0.665 10
B5 Vegetation Red Edge 0.705 20

prefire: 20230409 B6 Vegetation Red Edge 0.740 20
B7 Vegetation Red Edge 0.783 20

postfire: 20230419 BS NIR 0.842 10
B8A Narrow NIR 0.865 20
B9 Water vapour 0.945 60
B10 SWIR-Cirrus 1.375 60
BI1 SWIR 1.610 20
B12 SWIR 2.190 20

*NIR: near-infrared; SWIR: shortwave infrared
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Figure 2. Status of damage intensity in 2023 Gangneung City forest fire (2023.04.11 ~ 04.15) area according to Sentinel-2
image analysis.
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Table 3. Status of forest fire damage intensity by distance from road (unit: percentage)

Dist. from road

; ~25m 25~50m 50~75m 75~100m 100~125m Total
Burn severity
(1) Low 10.8 53 33 2.4 0.3 22.1
(2) Moderate 23.0 18.2 10.3 2.2 0.2 53.9
(3) High 6.7 7.1 43 1.2 0.1 19.4
(4) Very-High 0.8 2.7 1.2 0.1 - 4.8
Total 41.2 333 19.1 5.8 0.6 100.0
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Figure 3. Percentage of forest fire damage intensity by each group of distance from road.
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Table 4. Status of forest fire damage intensity by altitude (unit: percentage)

Dist. from road

Bumn severity ~25m 25~50m 50~75m 75~100m Total
(1) Low 12.2 7.5 2.0 0.2 21.9
(2) Moderate 35.5 14.5 3.6 0.2 53.8
(3) High 14.4 4.5 0.5 - 19.4
(4) Very-High 3.4 1.4 0.0 - 4.8
Total 65.5 27.9 6.2 0.4 100.0
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Figure 4. Percentage of forest fire damage intensity by each group of altitude.
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Table 5. Status of forest fire damage intensity by slope direction (unit: percentage)

Fore}sst ujrllogzvgriirteyction North I\]]_:l(;l:? East S};);;tll South %Slelg[l West I;];;}tl Flat Total

(1) Low 2.0 2.1 1.9 1.8 1.4 2.1 4.2 3.8 2.6 21.9

(2) Moderate 5.6 6.5 7.0 6.9 43 6.0 6.9 6.9 3.8 53.9

(3) High 2.3 34 4.1 3.0 1.0 1.1 1.1 2.0 1.3 19.3

(4) Very-High 0.3 0.5 0.8 1.1 0.6 0.2 0.3 0.4 0.6 4.8

Total 10.2 12.6 13.8 12.7 7.4 9.4 12.5 13.1 8.3 100.0
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8) https://www.fs.usda.gov/eng/road _mgt/overview.shtml
9) https://www.fs.usda.gov/news/releases/usda-forest-service-invests
-65m-bipartisan-infrastructure-law-clean-water
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