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Abstract: High temperatures and arid conditions, exacerbated by climate change, are increasing the frequency and
extent of wildfire damage. Although forest roads are critical as access routes and firebreaks, quantitative and spatial
evidence of their specific effects on wildfire behavior remains limited. This study quantifies the influence of forest
roads and other environmental factors on wildfire spread speed using spatial analysis and Random Forest regression
applied to major wildfires in Uiseong, Sancheong, and Ulju in March 2025. The dependent variable was time-series
wildfire spread speed derived from National Aeronautics and Space Administration Visible Infrared Imaging
Radiometer Suite imagery. Independent variables included road accessibility, topographical, meteorological, and fuel
factors. Regression results were interpreted using variable importance metrics and Shapley Additive Explanations
values. Wind was the most influential factor across all sites, with interaction patterns varying spatially. Notably, in
Ulju, which had the highest forest road density, greater road accessibility was associated with reduced wildfire spread
speed, suggesting that forest roads acted as practical barriers. This study provides a scientific baseline for supporting
future wildfire response planning and forest road management strategies.
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Table 1. Ignition and containment date-time and burmed area of each study site.

Ignition date/time

Containment date/time Burned area (ha)

Uiseong Mar. 22, 2025, 11:24 Mar. 28, 2025, 17:15 99,289
Sancheong Mar. 21, 2025, 15:26 Mar. 30, 2025, 13:00 3,397
Ulju Mar. 22, 2025, 12:12 Mar. 27, 2025, 20:40 1,190
& Yo v r
BT % [®
- " f
by P i " 10 20 40 km U iseong
oy
: — N - Ulju
Sancheong A
— Forest Road I Coniferous forest Mixed forest Non forest
PN ROl Deciduous forest Bamboo forest Il <all other values>

Figure 1. The study areas of wildfires based on forest type with forest road distribution.
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Table 2. Environmental factor variables used in this study.
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Data description

Variables Unit
Elevation %
Slope %

Index with negative values for

Terrain Shape Index ”»
concave to positive values for convex

Heat Load Index Index ranging from 0 to 1

WindSpeed m/s
WindAlign -
Road proximity )
(RoadSingedProx)
Fuel load kg/m?
Fuel bed depth m
Moisture of extinction %

dead fuel

The height above sea level of the center of the grid cell. It describes
the vertical position of the terrain, influencing fire behavior though
factors like temperature lapse rate and wind exposure.

The maximum rate of change in elevation across the surface,
measured at the center of the grid cell. Increased slope promotes
preheating and convective heat transfer, significantly accelerating
uphill fire velocity.

Represents concave to convex shapes of terrain, with negative
values representing a concave terrain shape (cove) and positive
values representing a convex terrain shape (ridge).

Measure of the solar exposure of a location using a cosine
transformation.

The 10-minute mean wind speed value at the time the satellite
imagery was acquired.

Mapped using values ranging from -2 to 2 based on the degree
of alignment with the wildfire’s direction of spread, calculated
using the 10-minute mean wind direction at the time of satellite
image acquisition.

Fusion index of ‘proximity to the nearest road’ and ‘road alignment’
score. Positive values indicate a high proximity to the road coupled
with a diffusion direction toward the road. Negative values indicate
a high proximity coupled with a diffusion direction away from
the road, and values near zero indicate minimal influence.

Total surface fuel load per unit area, including fine and coarse
dead fuels(< 7.6 cm diameter). Represents the potential amount
of combustible material.

Vertical depth of the surface fuel layer composed of litter, branches,
and grasses. Indicates the structural continuity and volume of
surface fuels.

Moisture of extinction - the threshold fuel moisture content above
which fire spread ceases.
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Table 3. Descriptive statistics of wildfire characteristics and environmental variables by study area.
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Variables Uiseong Sancheong Ulju
Duration(h) 149.85 213.57 128.47
General B(‘I‘EIF‘GS‘} *2‘66235(2;‘) 99,289 3,397 1,190
Area burned rate(ha/h) 662.59 15.91 9.26
Road Total length(m) 127,155.05 13,032.76 10,149.09
Density(m/ha) 0.49 0.28 1.28
Min -6 27 -3
Elevation Max 925 1,896 734
Mean 269.05 428.05 161.17
SD 141.99 346.73 144.91
Topology Min 0 0 0
Slope Max 63.53 59.02 48.80
Mean 16.50 19.05 14.02
SD 9.06 10.00 8.75
Min 1.1 -5 9.6
Temperature Max 28.4 27.3 27.8
O Meanyi, 5.81 3.87 11.85
Meanyx 22.47 19.47 22.47
Min 0 0 0
Weather P Eemclllll’/‘;zt;‘)’“ Max 0.61 0.26 0
Mean 0.00 0.01 0
Min 6.4 8.2 9.4
Peak wind speed 27.6 19.9 18.5
(m/s)
Mean 12.93 12.97 14.39
Conifer 47.34 31.15 38.32
Deciduous 35.25 58.01 43.88
Vegetation Mixed Ratio (%) 13.68 6.69 15.72
Non forest 3.21 2.41 1.71
Bamboo 0.02 1.73 0.37
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Figure 2. Time-series wildfire spread speed in Uiseong (A:
Ti(03/22 13:08) B: T,(03/23 02:45) C: T3(03/23 13:08) D:
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T10(03/27 13:08)).
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Figure 3. Time-series wildfire spread speed in Sancheong (A:
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