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Forest Fire Direction and Spread Characteristics
by Field Investigations
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ABSTRACT

Forest fire ignition and spread characteristics are needed as basic data in fire management. Slope
aspect of ignition point, spread direction, and wind direction at that time were analyzed and regression
equations were proposed for predicting burned area, fire perimeter, head spread rate, and flank spread
rate using combustion time using 101 forest fires broken out between 2007 and 2009 spring. 57%
forest fires of investigated numbers were ignited in south, southwest, and southeast aspects and 68%
of forest fires were spreaded to east, southeast, and northeast influenced by westerly wind. About
11.8ha forest was burned and 0.5km fire perimeter increase was predicted per hour. Head and flank
spread rate were calculated 0.13km and 0.05km, respectively.
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Figure 1. Field survey method of forest fire ignition and
spread characteristics.
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Figure 2. Fire ellipse derived fire perimeter and ignition
point.
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Table 1. Descriptive Statistics of Forest Fires Investigated

0 50 Kilometers

Figure 3. Forest fires investigated for ignition and spread
pattern analysis.
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Statistics Burned Area (ha) | Fire Perimeter (km) | Combustion Time (hr) | Fire Spread Rate (ha/hr)
Mean 435 2.79 4.85 6.75
Standard Error 14.1 0.37 0.55 1.40
Standard Deviation 141.5 3.74 542 13.71
Variance 20,028.4 13.96 29.40 187.98
Minimum Number 0.1 0.13 0.30 0.06
Maximum Number 1,306.9 20.05 21.62 107.05
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Figure 4. Left: slope aspect (degree) and slope distance (log(distance, m)) of the ignition points, Middle: wind direction
(degree) and wind speed (m/sec x 10), Right : spread direction (degree) and distance (log(distance, m)) of each fire.

Table 2. Terrain Slope, Wind, and Fire Spread Direction and Proportion

Terrain Slope Direction Wind Direction Fire Spread Direction
Aspect Fires Proportion (%) Fires Proportion (%) Fires Proportion (%)
N 6 5.9 9 9.2 14 13.9
NE 2 2.0 3 3.1 25 24.8
E 6 5.9 6 6.1 21 20.8
SE 12 11.9 3 3.1 22 21.8
S 22 21.8 12 12.2 13 12.9
SwW 23 22.8 19 19.4 1 1.0
W 18 17.8 24 245 0 0.0
NwW 12 11.9 22 22.4 5.0
Total 101 100.0 98 100.0 101 100.0
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Table 3. Correlation Statistics between Combustion Time (hr) and Burned Area (ha), Fire Perimeter (km), Major Axis (m),
and Minor Axis

Burned Area (ha) Fire Perimeter (km) Major Axis (m) Minor Axis (m)
Combustion Time (hr) | 0.51251 (<0.0001) 0.60972 (< 0.0001) 0.63285 (< 0.0001)

0.68557 (< 0.0001)
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Figure 5. 3-D scatter diagram of combustion time (hr),

Figure 6. 3-D scatter diagram of combustion time (hr), fire
fire perimeter (km), and burned area (ha).

ellipse major axis (m), and minor axis (m).
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Table 4. Regression Models between Combustion Time (hr)

and Burned Area (ha), Fire Perimeter (km), Fire Ellipse Major
Axis (km), and Minor Axis (km)

Dependent Variables R-square | Adjusted R-square F-value Combustion Time (hr) Parameter
Burned Area (ha) 0.3192 0.3121 44.55 (<0.0001%) 11.779 (6.67™, <0.0001%)
Fire Perimeter (km) 0.5880 0.5836 135.57 (<0.0001%) 0.50398 (11.64™, <0.0001")
Ellipse Major Axis (km) | 0.6212 0.6172 155.77 (<0.00017) 0.13209 (12.48"", <0.00017)
Ellipse Minor Axis (km) | 0.6743 0.6709 196.67 (< 0.0001%) 0.05645 (14.02"", <0.00017)
“p-value, 't statistics
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