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Abstract

Background and Objectives : The upper northern provinces of Thailand have been facing problems due to the
continuous occurrence of hotspots every year. These hotspots are caused by a combination of various factors,
including both natural factors and human activities. Studying the relationship between land use and seasonal
factors, and the number of hotspots is crucial for identifying the root causes of the problem. Additionally, developing
a forecasting model for monthly hotspot occurrences can help predict hotspot occurrences in the upper northern
provinces of Thailand. Such information will enable relevant agencies to formulate policies, plan strategies, and
implement timely management actions to mitigate the impacts of hotspot situations in the area effectively.
Methodology : This study collected data on the number of hotspots in forest and agricultural areas across eight
provinces in the upper northern region of Thailand, namely Chiang Mai, Chiang Rai, Lampang, Lamphun, Mae Hong
Son, Nan, Phrae, and Phayao, from January 1, 2018, to December 31, 2024. The data were obtained from MODIS
sensors through the data accounting system of the Royal Forest Department. To study the relationship between
land use and seasonal factors and the number of hotspots, the hotspot data were classified by land use factors into
three areas of interest: national reserved forests, conservation forests, and agricultural areas. The data were also
classified by season into three categories: rainy season (May-October), winter season (November—February), and
summer season (March-April). The analysis was conducted on monthly hotspot data from 2018 to 2024, classified
by land use and seasonal factors. The relationships between these factors and the number of hotspots in each
district of the upper northern provinces were analyzed using the chi-square test. For the forecasting study of hotspot
occurrences, the time series components of hotspot data were tested using the Runs Test and the Kruskal-Wallis
Test. The data were divided into two sets. Set 1 consisted of hotspot data from January 2018 to December 2023 for
constructing forecasting models using three methods: regression analysis with dummy variables, classical
decomposition method, and Holt-Winters exponential smoothing method. Set 2 consisted of hotspot data from
January 2024 to December 2024 for evaluating the forecasting accuracy of each model developed from Set 1,
using Mean Absolute Deviation (MAD) and Root Mean Square Error (RMSE) as evaluation criteria.

Main Results : The analysis of hotspot occurrences from 2018 to 2024 revealed that Chiang Mai had the highest
number of hotspots, accounting for 21.38% of the total hotspots in the study area, followed by Mae Hong Son
(20.61%), Chiang Rai (16.87%), and Nan (14.34%). When analyzing the relationship between land use and seasonal
factors and the number of hotspots in each district using the chi-square test at a 0.05 significance level, it was found
that both land use and seasonal factors were significantly associated with the number of hotspots in each district.

Most districts in the upper northern provinces experienced the highest number of hotspots in forest areas, except
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for Mae Lao, Mae Chan, Pa Daet, and Mae Sai districts in Chiang Rai province; Dok Khamtai, Chun, and Phu
Kamyao districts in Phayao province; Mueang Lamphun and Pa Sang districts in Lamphun province; and Nong
Muang Khai district in Phrae province, where the highest number of hotspots occurred in agricultural areas. At the
provincial level, all provinces recorded the highest number of hotspots in forest areas. Nan, Chiang Rai, Chiang
Mai, Lampang, and Phrae had the highest number of hotspots in national reserved forests, while Phayao, Lamphun,
and Mae Hong Son had the highest number in conservation forests. The summer season recorded the highest
number of hotspots in every district of each province. In Chiang Mai, Nan, Mae Hong Son, Phayao, Phrae, Lampang,
and Lamphun, March was the month with the highest number of hotspots, except for Chiang Rai, where April had
the highest number. The selection of forecasting models was based on the lowest MAD and RMSE. The regression
model with dummy variables was the most suitable for forecasting hotspot occurrences in Lampang and Lamphun
provinces. The classical decomposition method was suitable for Chiang Mai and Mae Hong Son, while the Holt—
Winters exponential smoothing method was appropriate for Nan, Chiang Rai, Phayao, and Phrae. When forecasting
hotspot occurrences from January to May 2025 using the most effective model for each province, it was found that
Nan, Chiang Mai, Phayao, Mae Hong Son, Phrae, Lampang, and Lamphun were projected to have the highest
number of hotspots in March, whereas Chiang Rai was projected to have the highest number in April.
Conclusions : The top four provinces with the highest number of hotspot occurrences during 2018-2024 were
Chiang Mai, Mae Hong Son, Chiang Rai, and Nan, respectively. The analysis indicated that the number of hotspots
in all districts was associated with land use and seasonal factors. It was found that most districts in the upper
northern provinces had a high number of hotspots in forest areas. At the provincial level, all provinces showed the
highest number of hotspots in forest areas and the lowest in agricultural areas. Regarding seasonal factors, both
district-level and provincial-level analyses revealed that the number of hotspots was highest in the summer season,
followed by winter and then the rainy season. For the forecast of hotspot occurrences from January to May 2025,
all provinces were predicted to have the highest number of hotspots in March, except for Chiang Rai, which was
predicted to peak in April.

Keywords : hotspot ; the upper northern region ; forecasting model
*Corresponding author. E-mail : sujaree.dam@sru.ac.th
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Results

1. @mm'mi”@uiﬁmﬁ@uw@d@”\‘im"’mmmﬁ@muuu BINUE W.A. 2561 - 2567
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Figure 1 Hotspot occurrences over the 7-year period from 2018 to 2024

'
=

FadpdesTun u usddesaen weien ung a1ne uazannu HaruiuananuiaunIniganauiuiay dou

edpfiBeseiauIuARNTaUNINTIgARa LMY (Figure 1)
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2. 9AANFBUIBITINTANIAMTEABULIL W.A. 2561-2567 A1uUNAINITASEAIUALTILAZ9ANIA

fafeuaznuqanniauNInign Inedandnuin @ease @aslud a1de uazund Hanaanfauninign

q

Tutna99uwieTn i andudandaneien anyu uazuldedasu (Table 1) daulugjaneludaudnnamilonauuuil

o

qaaNFauluuith anduanaulan uldl thuss wazulans Amdaidessng anenenAle qu LAZNINEN

o

ANz annaLesaly uaz1e19 Aandnanny uazananuasiasld Aaudauns dqaaanufauniniigalu
dy dl 1 a % dl o a o o a 1 %’ 1 1
WunnEAINesN dulaapniauuInngalugine el Tneanizatuasuioun uinudnhaiwaziusanns
FnuauNpeile LS inaulaz s @enseiqaaauiauninigaluanausase InglanizaIuand Usnasnug
o S A PN QR g P
wisgn1IgnenuliTIAaiinnuaztuiatlede Auatuan UTNUNUNATENN TGN NULINTI AR RENET
wazthusianodedne d@eslusiiqaponufeuninigalugnnausiuan IneanisAuauiuIag LFougNeI UL A
= - | Vo o | = ) Vo = o = °
aptBunuULartududn AuaulAn uTadauduan neiealanadnnfeuninigaludinails lngianis
Auanndeey LFnaluden R ATUEARdNAeeH1T9 WATENENULINTIFTNAZIAN ATLAYWALT LFINLA
Snengdndinesnndrawazthusion a1wiiqpanniauninigalugnness lnaewizauatinuies Wsomnumg
= \ a3 | o ! | v o ° > N L A | a
wisaunsgneuuisgnfnInnln Yausll waztudendedne suatiumon L3uNuNEEENNI9NEBLINTNA
o nuaziiusienndenn ayuiiqpaacniauninigalugwned Inalanizaiuaie USnngneuuiaT fudts
° Ax o oa &4 v e ey v Lo = | | ' = ¥ =
AuaAIdte UFiaununavinadndlitiulds daudanuasdiudiun uddesaautqaninnieuuinignly

anauNazFes Inglanizanuauiag USoua1asau lasneiugdndiiaariuuaraneuuisanfanasiv

FruakieaN UFnugneusiegifidanazdu thulaon uazunsianaruiauninigaludineass Tnaaniy

q

=

FNUAAZIAYL LRMgnEn U Aulanuazudaes druamnyu Uinanlusaes thulaussdusnnuaziusdang

Table 1 Hotspot occurrences over the 7-year period from 2018 to 2024 classified by land use and seasonal factors

Province Hotspot land use factors seasonal factors
occurrences national reserved conservation agricultural Winter Hot Rainy
forests forests areas season season season
Nan 6,176 3,649 2,012 515 1,687 4,085 404
Chiang Rai 7,264 4,147 1,911 1,206 1,911 4,535 818
Chiang Mai 9,205 4,528 4,105 572 2,376 6,327 502
Phayao 2,338 570 1,262 506 660 1,574 104
Lampang 4,632 2,306 1,532 694 1,827 2,474 231
Lamphun 1,808 642 883 283 838 890 80
Mae Hong Son 8,875 3,743 4,779 353 1,317 7,326 232
Phrae 2,866 1,695 677 494 836 1,745 285
Total 43,064 21,280 17,161 4,623 11,452 28,956 2,656
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3. 19AATzdAudNTus I TasEA U LTILa TR U AN1ARTA IR AN S UYaE 1L Tuusias49udR

P

HANTIATITIRNNANRUS AsatanagaulagLAds wudn AnurugaRNFauYNene lulAazdIuing
pNduriusiuTade A ununuazfadesuggnianssAuiad1Any 0.05 1ea1nen P-value HA1iaandnA1sziu

Wad1Aty 0.05 (Table 2)

(7

Table 2 The correlation analysis with chi-squared test of land use and seasonal factors with hotspot across districts

Province Number The correlation analysis of land use factors with The correlation analysis of seasonal factors with
of hotspot occurrences hotspot occurrences

Districts Chi-square df P-value Cramer's V Chi-square df P-value Cramer’s V
Nan 15 1,437.599 28 <0.001* 0.341 330.096 28 <0.001* 0.161
Chiang Rai 18 2,651.248 34 <0.001* 0.419 296.280 34 <0.001* 0.143
Chiang Mai 25 3,494.184 48 <0.001* 0.436 1,856.230 48 <0.001* 0.318
Phayao 9 669.507 16 <0.001* 0.378 366.528 16 <0.001* 0.280
Lampang 13 827.776 24 <0.001* 0.302 277.337 24 <0.001* 0.175
Lamphun 7 628.702 12 <0.001* 0.417 197.425 12 <0.001* 0.234
Mae Hong Son 7 2,529.152 12 <0.001* 0.391 323.867 12 <0.001* 0.312
Phrae 8 685.595 14 <0.001* 0.346 201.890 14 <0.001* 0.188

* significant association (p < 0.05)

4. 11NAABUAINLTND1YBITBYABYNINIIAT
HANINARR LW N LATYAN1AALE Runs Test uay Kruskal-Wallis Test AMNATAL WU 83NTNLIATUD
o o A g o o aa

Nndandaidantlszneuresuunlinuazggniaetelie d1Anyn19aling 0.05 1iesaInAn P-value HAtaandd

ANsEALTiRgATY 0.05 (Table 3)

Table 3 Analysis of time series components

Province The Runs test The Kruskal-Wallis Test

Median Runs Statistics P-value Statistics df P-value
Nan 8 15 -6.147 <0.001* 70.180 1" <0.001*
Chiang Rai 12 21 -4.830 <0.001* 56.535 11 <0.001*
Chiang Mai 8 15 -6.147 <0.001* 72.067 11 <0.001*
Phayao 3 15 -6.146 <0.001* 59.300 11 <0.001*
Lampang 3 17 -5.708 <0.001* 66.904 11 <0.001*
Lamphun 2 27 -3.484 <0.001* 61.450 11 <0.001*
Mae Hong Son 2 16 -5.928 <0.001* 73.540 11 <0.001*
Phrae 9 16 -5.928 <0.001* 67.008 11 <0.001*

* significant difference (p < 0.05)
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5. A91UNINEININITBYATINIUIAAIINTOUYBIAINIAN 1A LD AIOULUTENL 710 (N2l

Tddeyagail 1 afresanuunimmennsal 333 lnedisuafrefauuunimeinsazluunuen lesann
mimg@ﬂmmmwnmLf;mﬁw’]mn’m,t,ﬂdq@@ﬂmﬂLﬁuLLmTﬁuﬁmmLamﬁul,wiﬁiwﬂﬁuimmﬁu LL@&%@H@‘Q@% 2
dmsaneupanausiugiresnimeinsafanfauuLiiainedu uanisnssaaen AvLsiugTean NN sal W
annsenzinisonnanlaaldfulsduimanzduiunainsnianuouanaauia udandnaniauara1nu Auen
doullsznaumunzduiunginsnianuiugaaufaudandndesluiiazuldesanu doudssuliBeudndiniuu
\Teaa09laas-Iuma finnnzduiunensnfauauqnA N FaUAINI AL 1T WL UATUNS \ile9annAn MAD
LazAN RMSE ﬁ@ﬂﬁ'zgm (Table 4) Ineipia LLILNNINENN T AT UAaRN 919 (Table 5) wasileu BaLiauAnese

we3aynINATuAIAINFAuLLNIIWEINIa] 3 38 uanslitiudndAnindlAeaiudanan (Figure 2)

Table 4 The Forecasting accuracy

Province RG DC HWES

MAD RMSE MAD RMSE MAD RMSE
Nan 37.28 47.50 31.96 39.87 14.33 28.40
Chiang Rai 75.27 99.53 78.41 91.99 50.15 77.99
Chiang Mai 63.89 109.16 61.35 97.45 73.29 142.23
Phayao 11.43 14.54 16.18 31.74 7.95 13.01
Lampang 24.21 42.45 32.12 55.19 29.43 57.83
Lamphun 13.23 24 .45 13.36 24.95 17.09 39.95
Mae Hong Son 49.80 101.98 45.41 92.77 57.86 128.26
Phrae 9.37 14.38 16.21 22.01 6.74 11.32

6. ANEINIAIAIILIAMIINTDL

ANENNIIATUIUFAAIINTBUABUNNTIAN- N HNIAN W.A. 2568 AaEifaLLLNINENNINHUsc@NEN N
NNAge wud Adannu @eslua weien uildesaen ung a1de wazatyu HAmennsnianuuqnaNiauNnfige

wauiuan doudandnidessaianainsalaruinanauFauNINgaRauNEey (Table 6)
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Table 5 The optimal forecasting models for forecasting

Province  Forecasting Equations of the optimal forecasting model
models
Nan HWES Y., =[71.874+ p(-11.837)]+S,;i=12,..,12, p=1.2,... whenar =07, =3x10"°,y =8.2x10°°
S, =-24.657,S, =95.821, S, = 223.158,S, = 213.069, S, = -19.027,S, =-72.119,S, = -73.070,
S, =—73.449,S, =-72.970,S,, = —72.778,S,, = —69.585,S,, = —54.393
Chiang HWES (.., =[61.77+ p(-5.68)]+S,;i=12,..,12,p=1,2,... whena =0.4, =7x10°,y =6.5x10"
Rai S, =15.852,S, =5.377,S, =121.038,S, =353.274,S, = 21.242,S, = —84.089,S, = —85.567,
S, = -84.901,S, = -84.520,S,, = -83.567,S,, = —64.472,5,, = —29.662
Chiang DC Y, =[106.8+0.065t] + S, , (i);i =1.2,...,12, p=1,2,...when S(1) =-25.064,5(2) =89.852,5(3) = 446.894,
Mai S$(4) =327.769, S(5) = —39.731, §(6) = —126.127, S(7) = —103.398, $(8) = —95.252, $(9) = —107.002,
S$(10) = -116.168, S(11) = —125.460, $(12) = —123.314
Phayao HWES Y., =[21.95+p(-2)]+S;;i=12,..12,p=12,...when =08 B =1x10",y =2x10"°
S, =7.708,S, = —4.235,S, =111.823,S, = 56.880,S, = —14.348,S, = —27.433,S, = —27.662,
S, =—27.319,S, =—27.547,S,, =—27.346,S,, = —21.289,S,, = 0.768
Lampang RG Y, =31.4—0272t+51.6S,, +145.6S,, +201.4S,, +82S,, +7.55,, —18.3S,, —19.2S.,
—19.4S,, —17.58,, —18S,,, —16S,,,
Lamphun RG Y, =10.8—0.191t+24.2S  +85.2S, +90.48, +18.28, +29S, —2S , —2.1S,,
—28,, +0.48, —0.7S ;, —0.9S, ,
Mae Hong DC Y, =[100.2+0.129t] + S, , (i);i =1 2,..., 12, p=1,2,..when S() =-82.819,5(2) = 41.556,S(3) = 647.014,
Son S(4) = 234.181,S(5) = —86.236, S(6) = —118.382, $(7) = —105.257, $(8) = —98.111, $(9) = —93.528,
S$(10) = —108.465, S(11) = —116.549, $(12) = -113.403
Phrae HWES Y., =[30.34+ p(-5.62)]+S;;i =12,..,12, p=1.2,... whena =1, f = 2x10"°, y = 0.001

S, =0.959,S, = 28.062,S, =118.164,S, = 61.553,S, = 0.655,S, = —32.242, S, = —33.568,
S, =-33.322,S, =-32.219,S,, =-31.831,S,, = —23.871,S,, = —22.340
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Figure 2 The comparison between actual values and forecasting values
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Table 6 Forecasted values of hotspot occurrences based on the optimal forecasting models

Province Forecasted values
January 2025 February 2025 March 2025 April 2025 May 2025
Nan 36 145 260 238 0
Chiang Rai 72 56 166 393 55
Chiang Mai 88 203 560 441 73
Phayao 28 14 128 71 0
Lampang 60 154 210 90 15
Lamphun 21 89 91 8 0
Mae Hong Son 29 153 759 346 26
Phrae 26 48 132 70 3
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