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Abstract: Forest fires are major natural disasters worldwide, posing severe threats to the ecological environ-
ments, human lives and property. To address forest fires more effectively, this study introduces the concept of
digital twins and employs the fire dynamic simulation software PyroSim, coupling five factors: ignition points,
slope, wind speed, relative humidity and ambient temperature. A microscopic forest fire scenario in Pinus yunna-
nensis forests is constructed for refined simulations, aiming to investigate the influence of these factors on forest
fire spread and to analyze the dynamics fire development process. A sliced dynamic simulation method is pro-
posed to mitigate the lag issues in simulations under fixed environmental parameters and initial fire source con-
ditions. The research results indicate that the digital twin-driven sliced dynamic simulation can reflect the actual
behavioral characteristics of forest fires in a more realistic and efficient manner, thereby providing an important
references for the study of forest fire suppression strategies.
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Fig.1 Framework for dynamic spatiotemporal monitoring of forest fires
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Fig. 2 Microscopic scene interaction model
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Table 1 Parameters of the Pinus yunnanensis model

S8 i i ek 5t g 4%
{8 /m 10.0 2.0 2.0 0.4
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HEL UL 37 S5 B Y v 351 S T XA S DX A R~k /) )
17 FCBURS 4™, R 0 3 B A K 0.25 m [ 1E 3 5
P& . HORE JIGE Z (Heat Release Rate, HRR) 42 i &
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Table 2 Simulation parameter settings

P BRI | | HE | RN RS R B
- /kI/g | BE/C | /kg/m®| /kI/g |/W/(mK)| /kI/(kg"K)
BT 8.000 | 260 900 3.0 0.28 3.0
WEH | 13.280 | 240 15 1.5 0.05 3.2
ﬂﬁﬁ [~ |~ [~

o 18.432 | 240 25 1.5 0.05 1.7
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Table 3 Simulated condition information

T4 Bl T eS|
1 1.5m/s,15%,20%,20°C || 12

1.5m/s,0°,20%,20 °C

2 2.5m/s,15°,20%,20 °C 13 | 1.5m/s,25°,20%,20 C

3 3.5m/s,15%,20% ,20 C 14 | 1.5m/s,35°,20%,20 C

4 4.5m/s,15°,20%,20 C 15 | 1.5m/s,45°,20% ,20 C

5 1.5m/s,—15%,20%,20°C | 16 | 1.5m/s,15°,30% ,20C

6 2.5m/s,—15%,20%,20°C | 17 | 1.5m/s,15°,40%,20 C

7 3.5m/s,—15%,20%,20°C | 18 | 1.5m/s,15°,50%,20 C

8 4.5m/s,—15%,20%,20°C | 19 | 1.5m/s,15°,60%,20 C

9 1.5m/s,—45°,20%,20°C || 20 | 1.5m/s,15°,70% ,20 C

10 | 1.5m/s,—35%,20%,20°C || 21 | 1.5m/s,15°,20%,30°C

11| 1.5m/s,—25%,20%,20°C | 22 | 1.5m/s,15°,20%,40 C
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Fig. 3 Monitoring point distribution map
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Fig. 4 Visualization of fire spread under wind influence
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Fig. 5 Visualization of fire spread under slope influence
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Fig. 6 Visualization of fire spread under the influence of relative humidity and temperature
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Fig.7 Effect of wind speed on temperature at monitoring points
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Fig. 8 Effect of slope on temperature in the monitoring point area
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Fig.9 Effect of relative humidity and environmental temperature

on temperature at monitoring points
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