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Abstract

Forest fire is one of the most common natural hazards occurring in northern Thailand, causing
the loss of forest area and producing hazardous air pollution. The objective of this study was to apply
a geographic information system for analyzing forest fire susceptibility area in Chom Thong District,
Chiang Mai Province using frequency ratio (FR), statistical index (Sl), and weighting factor (WF)
techniques. The location data of 745 and 306 hotspots were used as training and testing data. This
study used eight conditioning factors for the analysis, namely elevation, slope, aspect, topographic
wetness index (TWI), normalized vegetation index (NDVI), rainfall, stream density, and land use. All
conditioning factors and the training data were analyzed for the rating and weighting scores. The forest
fire susceptibility area was classified into five susceptible levels namely very high, high, moderate, low,
and very low susceptible levels. The result of FR, SI, and WF, revealed that 12.88, 20.39, and 21.34
percent of the total area were identified as a very high susceptible areas which were mostly found in
the central of the study area. The WF result revealed that the three most influencing factors were
elevation, rainfall, and land use. Lastly, the validation results using the AUC method show that the
success rates were 83.73, 80.90, and 70.50 for WF, SI, and FR methods respectively while the
prediction rates of WI, Sl, and FR were 84.41, 80.77, and 70.62 respectively.

Keywords: geographic information system; forest fire; forest fire susceptibility map
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Table 1 Calculation of FR, Sl and WF values

Vet a9thw 35 WF 33uan@n931nas FR
2 a a A o

WaT S| TINNTUNYTHULAUTAUAIAZ UL
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anuRpsneluadnlatatenits saw WF 1 Ju

an Aa a a o o

APmanAITonIsuiguszauaNufsIALN

V;ﬂﬁﬁ]aﬁ'u

Conditioning Hotspot
Factors Area (sq.km) |Area (%)[Number of Hotspot FR | SI Wif
Classes (%)
Elevation 195 - 400 345.61 31.02 144 19.33 [0.623|-0.473| 100
(m.) 400 - 800 278.83 25.03 444 59.60 |2.381|0.868
800 - 1,200 282.99 2540 137 18.39 [0.724|-0.323
1,200 - 1,600 173.47 15.57 19 2.55 [0.164|-1.809
1,600 - 2,000 24.60 2.21 1 0.13 |0.061|-2.801
>2,000 8.48 0.76 0 0 0 0
Slope 0-5 252.14 22.63 87 11.68 [0.516|-0.662|11.17
(degree) 5-10 221.42 19.87 122 16.38 [0.824|-0.194
10-15 198.70 17.84 161 21.62 (1.212|0.192
15-20 176.08 15.81 150 20.14 (1.274|0.242
20-25 129.50 11.62 120 16.11 (1.386|0.327
>25 136.14 12.22 105 14.10 {1.153/0.143
Aspect Flat 31.41 2.82 5 0.67 |0.238|-1.435| 1.56
North 121.09 10.87 66 8.86 |0.815|-0.205
Northeast 145.48 13.06 90 12.08 |0.925|-0.078
East 155.38 13.95 91 12.21 |0.876|-0.133
Southeast 175.70 15.77 122 16.38 |1.038/|0.038
South 155.39 13.95 135 18.12 {1.299|0.262
Southwest 131.21 11.78 97 13.02 |1.105|0.100
West 99.40 8.92 83 11.14 ({1.249|0.222
Northwest 98.93 8.88 56 7.52 |0.846]-0.167
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Table 1 (Continued) Calculation of FR, SI and WF values

Conditioning Area Number of| Hotspot
Factors Area (%) FR Sl Wif
Classes (sq.km) Hotspot (%)
TWI <5 236.67 | 21.25 184 24.70 1.163 0.151 1
5-6 342.80 | 30.77 252 33.83 1.099 0.095
6-7 218.83 | 19.64 147 19.73 1.005 0.005
7-8 106.04 9.52 66 8.86 0.931 | -0.072
8-9 59.68 5.36 41 5.50 1.027 0.027
>9 149.98 | 13.46 55 7.38 0.548 | -0.601
NDVI <0.2 26.68 2.40 21 2.82 1177 0.163 29.40
0.2-0.3 86.03 7.72 66 8.86 1.147 0.137
03-04 202.12 | 18.14 208 27.92 1.539 0.431
04-05 216.13 | 19.40 192 25.77 1.328 0.284
0.5-0.6 207.04 | 18.58 153 20.54 1.105 0.100
>0.6 376.00 | 33.75 105 14.09 0.418 | -0.873
Rainfall <1,100 44274 | 39.74 375 50.34 1.267 0.236 44.36
(mm.) 1,100 - 1,200 | 342.00 | 30.70 304 40.81 1.329 0.285
1,200 — 1,300 | 111.13 9.98 34 4.56 0.458 | -0.782
1,300 — 1,400 | 52.07 4.67 16 2.15 0.460 | -0.778
1,400 — 1,500 | 44.31 3.98 12 1.61 0.405 | -0.904
>1,500 121.71 | 10.93 4 0.54 0.049 | -3.013
Stream 0.0-05 67.03 6.02 37 497 0.825 | -0.192 5.82
density 0.5-0.8 178.28 | 16.00 156 20.94 1.308 0.269
(km./sg.km) 0.8-1.1 281.93 | 25.31 229 30.74 1.215 0.194
11-14 301.71 | 27.08 201 26.98 1.000 | -0.004
14-17 203.87 | 18.30 101 13.56 0.741 | -0.300
>1.7 81.18 7.29 21 2.82 0.387 | -0.950
Land use evergreen forest| 443.80 | 39.84 159 21.34 0.536 | -0.624 | 43.19
deciduous forest| 304.17 | 27.30 384 51.54 1.888 0.635
water 5.09 0.46 2 0.27 0.588 | -0.532
open land 129.91 11.66 90 12.08 1.036 0.035
agriculture 189.64 | 17.02 96 12.89 0.757 | -0.279
built-up area 41.37 3.71 14 1.88 0.506 -0.681
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Figure 5 Forest fire susceptibility map (FFSM): (a) frequency ratio (b) statistical index and

(c) weighting factor
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Table 2 Forest fire susceptibility classes from FR, SI and WF methods

FR Sl WF
Susceptibility
area area area area area area
Classes
(sq.km.) (percent) (sq.km.) (percent) (sq.km.) (percent)

very low 230.20 20.70 84.71 7.62 73.29 6.59
low 312.32 28.08 176.44 15.86 168.34 15.14
moderate 235.36 21.16 320.45 28.81 378.28 34.01
high 191.07 17.18 303.79 27.31 254.91 22.92
very high 143.23 12.88 226.80 20.39 237.36 21.34

total 1,112.18 100.00 1,112.18 100.00 1,112.18 100.00

success rate prediction rate
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Figure 6: Success rates (left) and prediction rates (right) of FR, SI and WF methods
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