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ABSTRACT

Forest fire risk areas were evaluated in Doi Phu Kha National Park, Nan Province using thermal infrared
sensor (TIRS) data from the LANDSAT 8 satellite to estimate the land surface temperature (LST) along with forest
profile data. Hotspot data were obtained from the VIIRS system to identify forest fires to determine the accuracy
of the forest fire risk zone data during March 2017- March 2021. The results showed that hotspots with 23.45-
31.01 °C surface temperatures represented 77.23% of the study area. The type of forest with the most hotspots
was mixed deciduous forests (47.52%), with Mae Charim district having the greatest area with the risk of forest fire
(16,889 ha). The type of forest with the highest risk of forest fire was mixed deciduous forests covering 34,333 ha
(56.17%), followed by non-forest areas covering 26,249 ha (42.95%). This research identified the forest fire risk areas
in Doi Phu Kha National Park, Nan Province which should assist with developing appropriate planning and
management for forest fire prevention and control.
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Figure 1 Doi Phu Kha National Park, Nan province.
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Table 1 OLI and TIRS wavelength and resolution data for Landsat 8 imagery

Band

Landsat 8

Wavelength (um) Resolution (m)

1. Band 1 Coastal Aerosol
2. Band 2 Blue

3. Band 3 Green

4. Band 4 Red

5. Band 5 Near Infrared NIR
6. Band 6 SWIR 1

7.Band 7 SWIR 2

8. Band 8 Panchromatic

9. Band 9 Cirrus

10. Band 10 Thermal Infrared - TIRS 1
11. Band 11 Thermal Infrared - TIRS 2

0.43-0.45 30
0.45-0.51 30
0.53-0.59 30
0.64-0.67 30
0.85-0.88 30
1.57-1.65 30
2.11-2.35 30
0.50-0.68 15
1.36-1.38 30
10.60-11.19 100
11.50-12.51 100

ﬂq‘iﬂ‘égll’llaﬁ\laﬂ'l‘ll‘ldqEJ"iﬂﬂﬂ']'JLﬁElﬁJL‘ﬁE]UiﬁJ']m
mqmwgﬁﬁuﬁq

1) LW%SM%@QaQWWWWULﬁSM (subset and mosaic
image) l9iasounquituiiAnu

2) MsUsTIIAINITWASIEITIRAY TOA spectral
radiance (top of Atmosphere Reflectance: TOA) lag/ld
193a31NA1ILTIEL LANDSAT 8 5¥uu TIRS Wuud 10-11
wulasAIandavRanea (digital number) 1WuaANS
Wi$EB9nAY Areauni1sn1sAILId (1) (Rosas et al.,

2017) kaEANMINUDINIIINLNBIHY Table 2

L)\:MLXQcal+AL (1)

el A1 spectral radiance (m’xsradxpm)

Ly =
M, =

ANFUUSEAND WWaAUNA S UNISWUaIAT

WNIZLULA 19970 Metadata fiANwiniu 0.0003342
Qg = AMNFIARAENTTUTILIUTUIANMN (digital

number) A8 Thermal Infrared - TIRS 1
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o a

A, = AnduusAnsifievinisdmiunisulase
WmzuuuRulin Metadata SlAwiiu 0.1

3) n1susegunuA1gungdduysal (brightness
temperature) 31NANISUNS AT R Frvaun1si (2)
(Suresh et al., 2016) uagAmafivaanniwmesildlunis

AN 79 Table 2 padl

(2)

Tas BT = ergamgiduysaiannnsuidsdidendu Tng
Unfudrasimiradumadu uiiilosanluaunisiinis
wlasmheuad Jsvhlvimhedussrwadea (°0)

Ly = AMsussediBendu Smhedu (Watts / (m*
srad*um)

K, = mm‘ﬁ"lumiLLansuaaLLuuﬁmm%amWﬂﬁﬁaaﬂa
ok flewindu 774.89

K, = mm‘ﬁ"lumiLLansuaaLLuuﬁmm%amWﬂﬁﬁaaﬂa

Al fauviadu 1,321.08
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Table 2 Metadata constants for Landsat 8 satellite data from bands 10-11 (thermal infrared bands).

Radiance
Band K, K,
Mult_band Add_band
10 0.0003342 0.1 774.89 1,321.08
11 0.0003342 0.1 480.89 1,201.14

* Mult_band = Band specific multiplicative rescaling factor from the metadata

Add _band = Band specific additive rescaling factor from the metadata

K, = Degrees Kelville of the first period

K, = Degrees Kelville of the second period

4) N15USTUUAIRTUNINTSd (Normalized

difference vegetation index: NDVI) fg/gun1sn1sAIuIn

v
v

7 (3) (Rouse et al., 1974) a3l

NIR(Band 5) - R(Band 4)

NDVI= NIR(Band 5) + R(Band 4) 3)
Tmg NDVI = Aastiionsse
NR = nsazvioulutisndulnddumsnse (Band 5)
R = msazvioulugierdudimuesdiunasdung
(Band 4)

5) nsAuAdadIueINTNII (P,) Adndiu
yosmsiassdianssadiunnquiu mldanaunsi (@)
(Rong-bo et al., 2007) T ey R ans s ld Taaay
wumduvesionssa lneldnd unisasiounasuastaa
pausunsLInlnduazAaz ouLas19AA UF LAY T AN
AIUANAYBININTINOYTENTIN -1 B9 1 f1ilAdu
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92AAMUAUIRULYDINTNT I OY

2

NDVI - NDVI,

P = |———

Y \NDVI - NDVI,
lag NDVI;, = Adngavanuliiunssas
NDVI, ., = A1a3gnuanvilivunsso

Y 9

6) N5USEUUAEUUSLANT NTWESIAAINUT DU

(emissivity) Wildainaunisii (5) (Pal and Ziaul, 2017)

€=0.004X P +0.986 (5)
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P, = AEREIUYDINYNTTO
7) nMsUszanuAIan)ifui A naunisi

(6) (Suresh et al., 2016)

(6)

Wavelength of emitted radiance (11.5 um)

3
I

p = hx C/S (1.438x10 mk)

dlo h = Planck’s Constant (6.626*10™ Js)

S = Boltzmann Constant (1.38*10% J/K)

C = Velocity of Light (2.998*10° m/s)
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FIRMS Fire Information for Resource Management
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Y
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figauvniifiuiagean 36.04 earivaideoa san 12.74
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Figure 2 Land surface temperature (°C) by year
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Figure 3 Distribution of hotspot by surface temperature class(°C) interval by year
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Table 3 Area/hotspot by class interval for land surface temperature (2017) by year

Area (ha) / Hot spot (2017)

Total (ha)
_ 15.87-23.44 23.45-31.01 31.02-38.59 -—
Hill Evergreen Forest 95 (1 Hot) 14,573 14,811 23 - 29,502
Dry Evergreen Forest 108 2,369 (1 Hot) 69,538 181 - 72,198
Mixed Deciduous Forest - 7,985 (4 Hot) 30,793 (1 Hot) 1,185 - 39,963
Deciduous Forest - - 382 - - 382
Savanna - - 26 261 - 287
Vegetation on Pen Rock - 5 13 - - 18
Platform
Secondary Forest - 30 8 - - 37
Non-forest Area 26 2,124 (2 Hot) 20,791 (8 Hot) 5,067 5 28,013
Total (ha) 229 27,086 136,362 6,717 5 170,400

T 2561 nsranuinasigumgiii 2 (15.87-23.44

psrneaidoa) aseuaqui uil 753,550 15 (120,569

\enans) Mseeway 70.76 Yasluiane UM IRneen AT

F99ANAD INEUNGUNNAN 3 (23.45-31.01 BIALTALTEA)

ﬂiamquﬁ'uﬁ 309,421 15 (49,507 1@nm13) vsespuay

29.05 Y uUNgNY UL IRNDLNAT iNDINUNYIN 4

(31.02-36.04 psmuwaLdoa) AsouAquiNLil 1,112 13 (178

\@nm1%) viseTesar 0.14 vesiuiigneuuisAnesnan
waginusigun A 1(8.28-15.86 eALwALTva)
ATUARUNLN 913 13 (146 1ana%) 3eiosar 0.08 ves

¥

uﬁqwmul,l;viqsmamasqu %ﬂﬁ’aﬂénmwwuqmmm

=

'
a

Founmua 3 30 laglinduuingauiiuiunnidgungil

¥
A a

AurlunueiguMnan 3 USUNUTYLUYANTTIUAY

Yrfun Seuay 50 (Table 4)

Table 4 Area/hotspot by class interval for land surface temperature (2018) by year

Area (ha) / Hot spot (2018)

Forest type 2 3 4

Total (ha)
15.87-23.44 23.45-31.01 31.02-38.59

Hill Evergreen Forest 67 (1 Hot) 28,074 (1 Hot) 1,361 - - 29,502
Dry Evergreen Forest 2 59,937 12,259 - - 72,198
Mixed Deciduous Forest 49 21,384 (1 Hot) 18,523 7 - 39,963
Deciduous Forest - 113 269 - - 382
Savanna - - 237 50 - 287
Vegetation on Pen Rock Platform - 37 - - - 37
Secondary Forest - 16 2 - - 18
Non-forest Area 28 11,008 16,857 121 - 28,013
Total (ha) 146 120,569 49,508 178 - 170,400

U 2562 asranuinasiguMgiif 3 (23.45-31.01

psAalfoa) aseuAquit ufl 770,438 15 (123,270

\enans) vsederay 73.34 Yasiungne uuiiIfinesnal

F99ANAD INQUTTRAUNIT 2 (15.87-23.44 DeALYaLTYa)

105

ATBUARUIUT 258,809 1 (41,410 Lanm13) w3eseuas
23.3 YRl ufigneULIIIAneeAl Inusigun)iif 4
(31.02-38.59 aeAnwalfoad) Asaunguiiui 33,455 13

(5,353 1anm3) n3o308ar 3.14 YaINUNgNETUUIIYIA
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noEnAT nausigaun il 5 (38.60-46.16 pernivaLTua)
AsauAquituil 1,956 15 (313 18nan$) wiedouas 0.18
vosfiuflgneuuissinosnen uazinaueiguvgiv 1
(13.79-15.86 psanwaidon) asouaquitud 34115 (55

\enm1%) vseTesaz 0.03 YeINuTigNe UUiIAnee)A

v
a =

FUAMNAINTIVNUIAANUTBUNINUA 38 99 LasLindy

WINAAUTIUNUNTTUNY

q U

A uRluinaeigunin 3
TN UAUNUYINTIU 971U 19 3a (Segag 50)
509891778 U1AULUT 919U 8 A (Sewuay 21.05)

AIUAGY (Table 5)

Table 5 Area/hotspot by class interval for land surface temperature (2019) by year

Area (ha) / Hot spot (2019)

Forest type - 2 3 4 f
Total (ha)

- 15.87-23.44 23.45-31.01 31.02-38.59 -—
Hill Evergreen Forest 13 16,941 (8 Hot) 12,391 155 1 29,502
Dry Evergreen Forest 37 (1 Hot) 17,646 (4 Hot) 54,453 61 - 72,198
Mixed Deciduous Forest - (1 Hot) 5,702 (19 Hot) 33,489 (1 Hot) 761 11 39,963
Deciduous Forest - - (2 Hot) 368 14 - 382
Savanna - - 287 - - 287
Vegetation on Pen Rock Platform - 24 13 - - 37
Secondary Forest - 1 17 - - 18
Non-forest Area q 1,096 (2 Hot) 22,252 4,361 301 28,013
Total (ha) 54 41,410 123,270 5,352 313 170,400

U . 2563 saawuinassigamgiiil 3 (23.45-31.01
DIALYALY vdl) ﬂsamaquﬁ‘yuﬁ' 890,152 15 (142,424
:ennns) wiesoray 83.58 vasitufigneTuurisfinesgat
se%aMNAe INATIgUMATT 2 (15.87-23.44 aamiwaldea)
mamqmﬁyuﬁ 113,970 15 (18,235 18nm13) S 05 o8ay
10.7 %anﬁﬁuﬁqmmmmww@maegm Lﬂm%qmuqﬁﬁ' 4
(31.02-38.59 smwaiioa) Asouaauil ufl 52912 13
(8,866 1onn19) wiioFenay 4.97 vosiiufigneIuuieni

ABENAT NN QUNNIT 1 (9.07-15.86 BIANTALTYA)

ATBUARUNUN 7,517 15 (1,203 18nn13) w3esesay 0.7
VBINUTYNYIURIIYIANDENAT WaTLNA QNN TN 5
(38.60-45.97 saAwalfoa) AsouAqui Uyl 449 15 (72

\@nans) vsederay 0.042 YaTUNEVEUUIITIRRBENAN

P
a =

FAUAINANINTIINUIAANUTOUNINUA 41 9 Leeiind
a L dda ad a ¢ aa

wnaausnnunnilguvgdnuiluinusigun)ii 3

UTURNUNUNUYINTTU 91U 18 A (Saeay 43.9)

sosaAe UNAULAY 119U 6 90 (Seeay 14.63) (Table 6)

Table 6 Area/hotspot by class interval for land surface temperature (2020) by year

Area (ha) / Hot spot (2020)

Forest type 2 3 4
15.87-23.44 23.45-31.01 31.02-38.59 Total (ha)
Hill Evergreen Forest 355 11,282 (4 Hot) 17,838 27 - 29,502
Dry Evergreen Forest 731 5,202 (6 Hot) 66,112 153 - 72,198
Mixed Deciduous Forest - 1,392 (18 Hot) 35,671 (3 Hot) 2,895 5 39,963
Deciduous Forest - - 382 - - 382
Savanna - - 8 279 - 287
Vegetation on Pen Rock Platform - 4 34 - - 37
Secondary Forest - - 18 - - 18
Non-forest Area 116 355 (4 Hot) 22,362 (5 Hot) 5,113 (1 Hot) 67 28,013
Total (ha) 1,202 18,235 142,425 8,467 72 170,400
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Tl 2564 msrawuinamiguvnilifl 2 (15.87-23.44
oseaifua) aseunauituil 566,195 13 (90,501 Lanmns)
n30fo8ay 53.16) voei ufigneruLm v IR AvEg A
sesaNAD nausigaumgiifl 3 (23.45-31.01 serniwaLiya)
AsaunquitLil 486,124 13 (77,780 1onand) uindesax
45.65) vosfiuflgnenuuisminesgen inasigaugiiv 1

(12.82-15.86 psALwaLdoa) AsouAquituil 10,817 13

(1,731 1@ne13) n3e508ay 1.02 maaﬁuﬁqmmuummﬁ
ABYSH AN LLaxmmsﬁqquﬁﬁ 4 (31.02-35.16 937"
waldea) asouaquilufl 1,864 15 (298 Lanmn$) wie
Yovay 0.17 vesiufignenuuisnfnosnan Geldnan
psaanugnREdeunun 2 90 TasiAatuusiouiiui
Afgamainudrluinasioungin 3 uSiawd ud

Unugyanssa 1w 2 9a (ewag 100) (Table 7)

Table 7 Area/hotspot by class interval for land surface temperature (2021) by year.

Area (ha) / Hot spot (2021)

Forest type - 2 3 q f

Total (ha)
18281586 | 15872340  2345-3101 31023859 |N8860S4080N

Hill Evergreen Forest 494 24,609 4,398 1 - 29,502
Dry Evergreen Forest 677 46,903 (2 Hot) 24,618 - - 72,198
Mixed Deciduous Forests 243 11,655 28,051 15 - 39,963
Deciduous Forest - - 382 - - 382
Savanna - - 287 - - 287
Vegetation on Pen Rock Platform 29 8 - - - 37
Secondary Forest - 4 14 - - 18
Non-forest Area 289 7413 20,030 282 - 28,013
Total (ha) 1,732 90,592 77,780 298 - 170,400

¥

Hufdsasansifialuii

nnsineluadednudn sewined wa. 2560-
2564 fin13nsza1evesgaauTounnd aaluinwusi
ounndld 3 (23.45-31.01 sarwalfoa) Aefovas
77.23 593800 Inusigamniil 4 fevas 17.82 inousi
gamnfifl 2 Yoz 3.96 uazinaeigavgifl 5 Fevay

0.99 auasu lnestinUrnnuynAusaulINfian Ao

¥ BN
S aa

YNUQAINIsad WuNndsiouay 47.52 599a9A0 WUN9

lall9Un Sevay 21.78 Unduiv Sesay 14.85 UnAunas
Fovar 13.86 wazUfess Sovay 1.98 aud1du N3
° & o4 ' a W v ' ad a

Puuniiufidessionaiinliin med1gumnginuiuay
yilavastimugnnnuieu Tneudastoyaileiunlviegly

sUvestudoyaidenin lngld Spatial analyst tools wag

'
=~ o

nsteuuTudeyaunui (overlay) Feimunligumgil
Wuuwazvilavesl19nugnanusaulaa9undn

(Table 8)

Table 8 Weighting of land surface temperature and forest type

Land surface temperature Forest
Temperature range Weight Forest type Weight
Range 3 (23.45-31.01°C) 5 Mixed Deciduous Forests 5
Range 4 (31.02-38.59°C) a4 Non-Forest Area a4
Range 2 (15.87-23.44°C) 3 Hill Evergreen Forest 3
Range 5 (38.60-40.39°C) 2 Dry Evergreen Forest 2
Deciduous forest,
Range 1 (8.28-15.86°C) 1 secondary Forest, 1

Vegetation on Pen Rock

Platform and Savanna
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Figure 4 Forest fire risk area in Doi Phu Kha National Park by overlay 5 years
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Table 9 Validation of accuracy of hotspots

Hotspot (%)

Year
Very high risk High risk Medium risk Low risk

2017 88.24 5.88 5.88 0

2018 66.67 33.33 0 0

2019 60.53 34.21 5.26 0

2020 65.85 29.27 4.88 0

2021 0 100 0 0
Average 56.26 40.54 3.2 0
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