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Abstract: Forest fuel management plays a crucial role in the proper management of frequent and large-scale forest
fires worldwide. This study evaluated the impact of fuel management on reducing forest fire risk by through surface
fire behavior through laboratory experiments and simulations using the Wildland Fire Dynamics Simulator. For Pinus
densiflora litter, fuel conditions were established based on field surveys in Goseong-gun, Gangwon-do, focusing on
control, 20% thinning, and 40% thinning sites. Results indicated that visible flame height, vertical temperature
distribution, and maximum heat release rate tended to decrease with higher thinning intensity, implying a lower forest
fire risk. Overall, the WFDS simulations produced higher values compared to the laboratory experiments, but the
trends were similar. The results of this study can serve as fundamental data for evaluating forest fire risk based on
thinning intensity and establishing a research foundation for fire prevention.
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Figure 2. Location and layout of field observation for fuel data.
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(b) Thinning intensity 20%

(c) Thinning intensity 40%

Figure 3. Study sites classification based on thinning intensity.

2 heat flux sensorE =3j 124 13
1]013% Z-gsto] A5k 2r=dolE et &
=3 47| H(moving average)S Z-&3519
o, 25 dolEle] ) 2 Wz FAHOR ol
zo]7) QJ=A] Ekels)r] $J3l R-statistical package (4.3.0)
E2IYS Beote] AUREAE HAsHch
WFDS+= u]=+ NIST(National Institute of Standards and
Technology)oll A 7I'dgt S} & 8hA| & o] €| (Fire Dyna-
mics Simulator, FDS)¢] EH3}ulo 2 HALG A dehS o] &
sfe] dlzmeol A, ola 9 AR 5 AAsH 2z
Z15o|ty. WFDS+= AW AR 27 E 7 ¥H(landscape)th
o] it E7A] ekt oA AREEARS W ojRt 4=

2 thgol glof a5l 288 4= ek FrhelHE Kwon
et alQ021)0] 2LFT $ES SO R Suat Aol U 3
YHIEA S wASlo] T 5] that WDSS| it
Y ABISE ST of A of Aol WDS

gatol A Ea} AP FUW BHONHY ARIAS
mojskn, olF A7 Aok sl LY U
o WE AENAYE BB



312 BEILMARRIZ2EEE

Table 1. Simulation parameter of surface fire with thinning
intensity from WFDS.

Computational domain

(LxDxH, m) 6.0x1.5%1.6
Grid size (m) 0.02
Execution time (s) 1200
Time step interval (s) CFL <1

Control 2.10,
Thinning intensity 20% 1.62
Thinning intensity 40% 1.29

Fuel load (kg/mi)
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Figure 4. Variations in rate of spread (ROS) with fuel data.
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Figure 5. Examples of ROS simulation WFDS.
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Table 2. Rate of spread results of the one-way ANOVA by thinning intensity

Rate of spread (mm/s)

Thinning intensity

Mean S.D. p-value
Control 1.97 0.06
Laboratory 20% 2.04 0.11 0.235
experlment
40% 1.77 0.28
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Table 3. The statistical results of visible flame height by thinning intensity.

Visible flame height (m)
Median Q3 Max
1.06 1.08 1.22
0.81 0.85 1.03
0.70 0.71 0.79
2.16 234 240
1.53 206 213
1.23 1.41 1.45

Thinning intensity v
in

0.84
0.76
0.54
1.80
1.42
1.04

scheffe
Control - 20%
20% - 40%
40% - control
Control - 20%
20% - 40%

40% - control

Q1
0.97
0.81
0.64
2.10
1.53
1.14

Average
1.03 = 0.13
0.85 + 0.11
0.68 + 0.08
2.16 £ 0.24
1.73 = 0.33
1.25 + 0.17

p-value
0.075
0.081
< 0.00]***
0.065
0.037*
< 0.001***

Control
20%
40%
Control
20%
40%
***p<.001

Laboratory
experiment

WFDS

*p<.05, **p<.01,

(a) Control
Figure 6. Simulated results of visible flame height using WFDS (300s after iginition).

(b) Thinning intensity 20% (¢) Thinning intensity 40%
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Table 4. Vertical temperature characteristics by thinning intensity from laboratory experiment and WFDS.

Thinning intensity

Vertical temperature profiles (°C)

Vertical distance (m)

Min Ql Median Q3 Max
02 4602 692.1 765.0 813.1 1376.0

0.4 256.9 4383 491.1 595.5 764.9

Control 0.6 203.3 301.5 337.0 377.3 504.6
0.8 128.9 210.6 226.9 2532 307.5

1.0 91.8 157.5 165.9 191.1 2224

0.2 175.3 673.0 752.1 818.8 865.8

0.4 2822 351.1 4254 505.9 698.7

gfsé’rrl"r‘lgoernyt 20% 0.6 186.9 258.9 294.5 366.9 451.1
0.8 106.8 142.8 187.9 217.0 272.7

1.0 79.3 121.4 140.6 164.9 182.7

0.2 464.9 617.5 694.3 778.9 877.6

0.4 206.5 254.4 355.5 4236 565.6

40% 0.6 112.8 157.0 213.6 250.0 3932
0.8 91.2 120.9 150.4 176.0 2492

1.0 75.5 101.2 122.1 136.6 194.8

02 1181.8 1192.1 1212.7 12352 1250.8
0.4 739.7 788.9 919.8 1036.8 1043.9

Control 0.6 200.1 293.6 4418 583.3 717.6
0.8 230.4 266.8 344.6 4032 4314

1.0 2238 266.7 293.7 334.6 574.1
0.2 1105.4 11412 1171.0 1197.8 1224.4
0.4 522.4 599.9 734.2 909.9 1112.0

WEFDS 20% 0.6 186.2 2377 368.2 503.0 710.6
0.8 200.5 250.6 268.3 340.6 456.1

1.0 199.8 202.9 256.4 345.5 545.9

02 1093.9 1103.3 1138.3 1175.9 1192.8

0.4 486.0 516.2 540.0 628.0 850.8

40% 0.6 191.7 2184 3133 3314 686.2
0.8 195.9 207.1 232.6 246.1 505.5

1.0 189.4 198.9 202.9 361.5 534.7




Table S. Vertical temperature results of the one-way ANOVA by thinning intensity
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Vertical distance

(m)

Thinning intensity

Vertical temperature profiles (°C)

Mean S.D. scheffe p-value
Control 790.4 240.8
0.2 20% 705.0 160.5 no significance 0.171
40% 688.5 116.4
Control 507.0 135.9 Control - 20% 0.107
0.4 20% 435.8 112.6 20% - 40% < 0.001%**
40% 356.7 105.6 40% - control 0.065
Control 3389 65.0 Control - 20% 0.288
Laboratory 0.6 20% 307.1 74.4 20% - 40% < 0.001%*x
experiment
40% 216.6 71.1 40% - control < 0.001***
Control 226.7 433 Control - 20% 0.008**
0.8 20% 185.8 50.3 20% - 40% < 0.001***
40% 152.9 39.1 40% - control 0.040%*
Control 168.3 30.0 Control - 20% 0.004**
1.0 20% 139.7 30.4 20% - 40% < 0.001***
40% 121.9 27.5 40% - control 0.1119
Control 1214.5 31.6 Control - 20% 0.095
0.2 20% 1168.0 50.9 20% - 40% 0.008**
40% 1140.8 48.2 40% - control 0.415
Control 905.8 156.3
0.4 20% 775.7 260.9 no significance 0.158
40% 604.2 166.7
Control 446.0 202.1
WFDS 0.6 20% 395.9 201.9 no significance 0.642
40% 338.1 182.1
Control 335.8 85.0
0.8 20% 300.4 92.9 no significance 0.526
40% 269.3 117.6
Control 338.6 137.7
1.0 20% 310.1 144.4 no significance 0.9
40% 297.5 150.6

£p<.05, **p<.01, **%p<001
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Figure 7. Results of vertical temperature profiles: a) laboratory experiment, and b) WFDS.

Table 6. The statistical results of peak heat flux by thinning intensity.

Peak heat flux (kW/ni)

Thinning intensity

Average Min Q1 Median Q3 Max scheffe p-value

Control 434 + 221 300 321 336 450  7.64  Control - 20%  0.705

Laboratory 20% 3.95 + 1.33 234 306 365 457 656 20% - 40% 0.071
experiment

40% 2.84 + 0.92 173 241 257 302 516  40% - control  0.011%

Control 145.63 + 15.18 12434 14047 14958 15473 159.00  Control - 20%  0.196

WFDS 20% 128.11 + 1426 113.13 11976 12637 13472 14658  20% - 40% 0.333

40% 114.17 + 584 11039 11042 111.78 11553 122.72  40% - control  0.019*

£p<.05, **p<.01, **%p<001
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Figure 8. Peak heat flux results from laboratory experiment and WFDS.
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