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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

25




Thai Journal of Science and Technology

111 10 « aLU7 6 « WYATAIYW — 5WINAN 2564

96°240°C 98°320°E 9B400'E 98°480°C.

98°240°C 98°320°C 98400 08°48°0°C

N
)N\ Legend A Legend
- Hotspot 5 Hotspot ’
3 £ & ] £
£ FFSM (FR) £ FFSM (SI) g
- Very low - Very low
I: Low El Low
£ [ Moderate | £ g | [ 1 Moderate £
£ [T High £k [T High e
I very high 0 very high
98°240E 98°320E 98°400°E 98°48'0°E
lN\ Legend
= Hotspot
g FFSM (WF) X
- Very low
[:' Low
£ | I:] Moderate | £
® I High
I very high
2| T — o © | =
g 0 3 6 12 18 24 ;
98°24'0"F 98°32'0"F 98°400°F 98°48'0"F
Figure 5 Forest fire susceptibility map (FFSM): (a) frequency ratio (b) statistical index and
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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
100 100
2 90 o 90
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§ 70 ;)70 B
*9;:3 60 EBO E
% 50 - 550 E
§ 30 | ——success rate (FR) AUC=70.51 é a0 J ——prediction rate (FR) AUC=70.62
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Figure 6: Success rates (left) and prediction rates (right) of FR, SI and WF methods

27



Thai Journal of Science and Technology

171 10 » aUUA 6 « WgAIAI8% — 5WINAN 2564

= a a a

3.5 HaNTUTUNBUUTE RN TANYRINNT
a 6
SIRPRtAs

AM3ANEIATIN IBATAIRINUA L Ldulad
(Area Under the Curve: AUC) lumsidSauifiey
U3TANTAINDAINITIATIENR 1@INNNTZUINMIT
%auﬁuﬁagawaé’wﬁﬁuﬁéaﬂm 149 3 35013

s a U & o v

Wisunuifiaeanuiawdsduwnidudaya
\38u3 (Training Data) 3888z 70 LNaAIWITAN
8@31A210 #1139 (Success Rate) #I1T04a

a (%

NAR8Y (Testing Data) anvagas 30 lHwa

141 MBAIINITANANNTAL (Prediction Rate)

D¢

794 @1 AUC q@q@agﬁ 1 wI3aAadusauay 100

Ce

a o

AIBW RINHANITATWIWAT AUC ﬁ@hgm’jw:

2R ad < a a a a 3
LLEWNZ]\‘I'Jﬁﬂ?‘iuuuﬂitﬁ‘ﬂﬁﬂ??‘lluﬂ’]‘i’]Lﬂ‘i'?z‘lﬁﬁd

u

N7 ®38NEN AN HANITIATIZANAMUTNNUT

o o ed a & a )
ﬂumagamgﬂ’]'imvl ﬂ@l“ﬂulu@@l@llﬂﬂﬂ')']

(Khosravi et al., 2016)

a a

Nan1T S uRsuYszAnSa nwe9Inns

ad o '

Jamziann 3 35ms laun Feansiuanud

(FR) 35edineada (SI) uazdsanasinneintasey
(WF) wuin 35 WF lAnaansanaasnanudsa
LLa:é'@mmim@mitﬁagaq@ﬁ Jauaz 83.73 LAY
Youny 84.41 ANE1AU (Figure 6) lunme?
35013 SI Ad189310270§1133 WazaaI1nIT
mansoidusasas 80.90 uaz 80.77 uazdd FR
fdraananudiSanazaannisanansaindn
$9882 70.51 UWAT 70.62 RAAARBINUNNTANEN
284 Dorji and Ongsomwang (2017) ‘ﬁIWll’.i’l
353 FR JUsedninwidninisaanssla’
§ANS 3I0NIHAV89 Pradeep et al. (2022) 7

WU3135 FR JU3z@nFa1nnd1nin3s AHP

Naenn blsusen warinazinbulelunng

28

a

A & A4 a a ~ o
ATIZHA IUTUNAUNANAIIINTS U UNY
aa A ' o A vad A A o &
3FA1INLANEIINK waztianlEaiNanaans
ﬂizﬁ'ﬂ%mwﬁgaﬂ'j’] NNNANINIRINITONE
1847 AFn13a9inintade (WF) Iuisn
mmzauLLazﬂizﬁ'ﬂﬁmwgdﬁqmiumﬁmﬁzﬁ
Aundawbnrdanisialwilusinevsunas
IRINToIINY waztladwunszaulszantaw
1 Qs 6 ad =1 a a
ANNNLIN HAAWDINNATANT FR JUse@nsnw
agluszand @137 Sl uazr WF agluszaud

41N (Pourghasemi et al., 2013)

4. mg]
6 a
nmsdszgndszuuasawnanlaisasiu
mMIaTRNwnaanndanisia bt lagls
ad o ' A ad o A aa ad
350AINEINAIND ITATANIFDA wazIDEII

[
o a

dmeiniase vinmsanunluiuiisnesaunas
savsartaslng ilesarinunuinnusenlnida
mstAalwthuasdseuiendssan s wuems
3 35013 ddiunislasldtayagaainuiau
41U 1,051 3@ ‘ﬁﬂLLuﬂLﬂuﬂTﬂHﬂﬁ’mﬂ’mluﬂ’ﬁ
\3Uu3 745 90 (Training Data) Aaiduiauas 70
WAZIAAINNTAY 306 '«g‘ﬂsl,%l,ﬂm]”agaﬂﬂmu
(Testing Data) Aaidusasaz 30 maaﬂ]’agaﬁ%ﬂm
Fadplunisiensidsznaudie AMNFINE
UT2LNd ANURNATY NANIIGIUA1A aTh
mm%ugﬁﬂi:mﬂ ATHANULANAIINTNTTOU
USun e A nwuswniesin waznsld
6% HANTANBINLIN FAINARART AN
doulnadanmsifalwihgsludinesaunas
loud ﬁuﬁi:ﬁumwga 400-800 LUAT NRif
AINAIATHUINNT 15 B9A1 RUATE e

NI RAIARWIUNINALS NAAZINAN WAL

[ '
=

o a v A Aa e A y a
@]3’3%@771,9:8\11@ Wuﬂﬂu@%uﬂqquﬁuﬂuﬂszWﬂ

@N41 5 AwNNTawi NDVI agjlu‘*ﬁ'sa 0.3-0.5



Vol. 10 * No. 6 « November — December 2021

Thai Journal of Science and Technology

& Ad a s ° ' A A & A
ANUNNUTIUIHUAINTN 1,200 FaRNAT WD
mm%muuumqﬁﬁagiumo 0.5-0.8 NLALNAT
' A & A v A !
Ao TIALALNAT wazwRANTMNaRlszLANTA
NAA b
= Aaa . e o v

NANISAN®IAINITNTE 9 n BN 8
(WF) gawuindadeniianinadenmsiia wdqlu
g1Lnal8uNa9 L'%'méim”umnmnﬁq@vlﬂmﬁas;l
ﬁqﬂ laun mmgagﬁﬂi:mﬂ JIurmsdids nns
15N6% uRAMVLANAIINTNITI ANNAIATI
ANMNRUWILUUNIIN NANIGIUAA wazaTh
mw%unﬂﬁﬂi:mﬂ arinnstewnuluszuy
miaumﬁﬁﬁmam’ WUI1 ATN1IRAIIEIN

A9 o o e A, o A I
mmmlv\waawwunaaﬂmsmumnﬂq@Lﬂu
N 143.23 A1319018LNAT BIaTauas 12.88
' ad o A aaad A,
mmm’ﬁumaanmwuﬂaau‘lmgamﬂ 226.80
ANIINLIALNGT BI0T8R 20.39 IV NIDHI
inindadolduaawinundanlnigauin
237.36 AN LALNGT nIaAarduonas 21.34

& d= & A a ~
PDINUNANBININNG LWotUSouLney
dszEnTnindronsmwunlaidulds (Auc)
Wud1 ATa9unwndaay (WF) dd1aa30
ANNFTD Lm:ﬂ"]é’m’mﬁm@mmigdﬁq@ ﬁ
SoURY 83.73 LAY 84.41 AINSNAU &IUIDNT
o A aa A Qs o =3
aThn19ai@ (SI) JA1aasn1sanudIsaLas
AIINITANANIIOL NIDUAY 80.90 WAL 80.77

Aaa o \ A A e
LazItn1vemIIduaNd (FR) agniasas

o a = L ad

70.51 WAY 70.62 ANNANAU aaa;ﬂvl,m'l 353
dadvinunidadey (WF) tduwidnaend
ﬂi:ﬁﬂﬁmwgdq@’Lumﬁmm:ﬁmmdauMa
danisina Wi lusineasunas 39994
Vo 9lwna Lm:ﬁwaé'wﬁﬁ'@agjlm:ﬁuﬁmﬂ NI
msﬁﬂwﬂuamﬂ@mmmﬂi:qﬂ@ﬁ:uu
srawnaniaiaaslanldng 3 35n3ile
%ONINNH ﬂ'\immmmmsnﬂizqﬂ@ﬂmz

a = aa 2 \ Ad o o & A
LﬂiﬂuL'ﬂﬂU'Jﬁﬂﬁliau | LT IDRIAU VLD

29

a

31712 (Analytic Hierarchy Process: AHP) 35
nanaulada@nd (Logistic Regression: LR) LAz
Lﬂﬂﬁﬂﬂ’]ﬂ%&luiﬁ’lmﬂ%ad (Machine Learning:
ML) st wonanil gsmansanasaslasnis
LLﬂaﬁa;ﬂaL‘%Wjuaz‘*ﬁaHawwaaulué’wmuﬁu 9
LT% 50-50, 60-40, 80-20 LIUAH NIINMUIAD
MIENEN FIUNINNTNAFELUTZANTNINVBINS
ANTITE ﬂﬂ@i’ﬁagam‘mm%aﬁ?uﬁﬁﬁmw11
Qﬂﬁam’nﬁaﬁa i ldlglunsdsznaunisng
WHUATTBINK LAZNNTIANIIALURATUNTOLN

1 v 1 a a J
T ldad9lUss AT wInUR

Aa A
5. naanIINUIznd

mamauqmﬂmwgwsmamﬂmz
FIANAIEAS WWIINEISE DAY T lnal le
aﬁuagumiﬁﬁﬁﬁ 2 auqmmé‘nq@ﬁmmﬁ’m

a 6 a o et o A Ag o
QMﬂ']ﬁ@]iLL@tQ&la'ﬁﬁ%lﬁﬂﬂﬁ'l%?ﬂl,ﬂiﬂdwa“ﬂl’ﬁ

lun13398 LLawamauqm;‘Tmaqmgeﬁﬁﬂi: Ju

UG
'
a

1 dl v v dld '
Uﬂﬂ’l’]ll“qﬂ‘ﬂ'?u ﬂvlé’lmmamumm:wuqma'm
e va v

luniswawiunaInudsailnialnuandas

U

& a &
awyimmﬂ HIU

6. References

Dorji, S. and Ongsomwang, S., 2017, Wildfire
Susceptibility Mapping in Bhutan Using
Geoinformatics Technology, Suranaree J.
Sci. Technol. 24(2): 213-237.

Forest Fire Control Office, 2021, Forest Fire
Statistics, Available Source:
http://portal.dnp.go.th/Content/firednp?cont
entld=15705, Dec 20, 2021. (in Thai)

GISTDA, 2020, Forest Fires and Smog Situation
Summary Report from Satellite Data 2020.

Report, Geo- Informatics and Space



Thai Journal of Science and Technology

171 10 » aUUA 6 « WgAIAI8% — 5WINAN 2564

Khampeera, A,

Technology Development Agency (Public
Organization), Bangkok, 6 p. (in Thai)

Yongsatisak, T. ,
Yongchalermchai, P. P. and Koedkurung,
K., 2021, Analysis of Fire Risk Areas
During Drought in Kuan Kreng Peat
Swamp, Nakhon Si Thammarat Province
using a GIS-AHP Method, TJST. 10(2):
234- 250.

doi: 10.14456/tjst.2021.19 (in Thai)

Khosravi, K., Pourghasemi, H.R., Chapi, K. and

Bahri, M., 2016, Flash Flood Susceptibility
Analysis and Its Mapping Using Different
Bivariate Models in Iran: A Comparison
Between Shannon’ s Entropy, Statistical
and Weighting Factor Models,
Environ. Monit. Assess. 188: 656. doi:
10.1007/s10661-016-5665-9

Index,

Pourghasemi, H.R., Moradi H.R. and Fatemi

Aghda, S.M., 2013, Landslide Susceptibility
Mapping by Binary Logistic Regression,
Analytical ~ Hierarchy  Process, and
Statistical Index Models and Assessment of
Their Performances, Nat Hazards: 69:749-

779.doi: 10.1007/s11069-013-0728-5

Pradeep, G.S., Danumah, J. H., Nikhil, S.,

Prasad Megha, K., Patel, N., Mammen
Pratheesh, C., ... Kuriakose Sekhar, L.,
2022, Forest Fire Risk Zone Mapping of
Eravikulam National Park in India: A
Comparison Between Frequency Ratio and
Methods,

Analytic Hierarchy Process

30

Croat. J. For. Eng. 43(1): 199-217. doi:
10.5552/crojfe.2022.1137

Sangnoppakun, N., Thongouam, R. and Jeefoo,

P., 2021, Assessment of Wildfire Risk

Zonation using Analytical Hierarchical
Process in Phayao Province, JSID. 2(2):

52-64. (in Thai)

Suppawimut, W. , 2021, Flood Susceptibility

Suppawimut, W., 2021,

van

Analysis Using Geographic Information
System, Frequency Ratio and Relative
Frequency Ratio Methods in San Pa Tong
District, Chiang Mai, Thailand, The Journal
20( 2) : 134- 156.

10. 14416/ j. appsci. 2021.02.011 (in

of Applied Science.
doi:
Thai)
GIS- based Flood
Susceptibility Mapping Using Statistical
Models,
Environ. Nat. Resour. J. 19(6): 481-493.
doi: 10.32526/ennrj/19/2021003

Westen, C., 1997, Statistical Landslide

Index and Weighting Factor

Hazard Analysis, ILWIS 2.1 for Windows

Application  Guide, ITC Publication,
Enschede.

Yalcin, A., Reis, S., Aydinoglu, A. C. and
Yomralioglu, T., 2011, A GIS- Based

Comparative Study of Frequency Ratio,

Analytical Hierarchy Process, Bivariate
Statistics and Logistics Regression
Methods for Landslide Susceptibility

Mapping in Trabzon, NE Turkey, CATENA
85( 3) 287. doi:
10.1016/j.catena.2011.01.014

274—



