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Abstract

Background and Objectives : Air pollution is a condition in which the air is contaminated with pollutants or
contaminants in large quantities over a prolonged period, posing a threat to living organisms. These contaminants
can exist in solid, liquid, or gaseous forms. Various air pollutants adversely affect human health, including fine
particulate matter (PM), carbon monoxide (CO), nitrogen dioxide (NO,), sulfur dioxide (SO,), lead (Pb), ozone (O,),
and volatile organic compounds (VOCs). Being in an environment with air pollution increases the risk of developing
serious diseases, such as respiratory diseases and cardiovascular diseases. Ground-based air quality monitoring
in Thailand still faces several limitations, such as a limited number of monitoring stations and insufficient coverage
in many areas, particularly in remote or rural regions where no stations are installed. This lack of coverage may
negatively impact vulnerable populations in terms of health protection. Due to the nature of fine particulate matter,
smoke, and air pollutants, these particles have the ability to absorb and scatter solar radiation, allowing only a
portion of the radiation to reach the Earth's surface. As a result, aerosol optical depth (AOD) can be applied to

assess the amount of solar radiation affected by airborne particles before reaching the Earth. AOD represents the
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relationship between the proportion of particles measured vertically above the ground and the concentration of
particles at the surface level. This study aims to analyze the relationship between PM, . concentrations and related
air pollutants in the upper northern region of Thailand and to develop a model for estimating air pollutant
concentrations using daily satellite imagery from January 2014 to December 2023, totaling 2,721 images. The study
compares results across different seasons to enhance the model’s efficiency and accuracy. The application of
remote sensing technology not only improves air quality monitoring coverage but also supports policy planning,
research, and long-term environmental management. This approach enables more effective responses to air
pollution issues, contributing to better air quality management strategies.

Methodology : Data used in this study were; 1) Aerosol Optical Depth (AOD) data from the MCD19A2v061 product,
obtained from the MODIS sensor onboard the Terra and Aqua satellites, which is used to analyze atmospheric
aerosol levels; and 2) Ground-based measurements of PM, . and associated air pollutants, including carbon
monoxide (CO), nitrogen dioxide (NO,), and sulfur dioxide (SO,), sourced from the Air Quality and Noise
Management Bureau, Pollution Control Department. The relationship between PM, . concentrations and related
air pollutants was examined using Pearson correlation analysis. Additionally, six regression models, including linear,
logarithmic, quadratic, cubic, power, and exponential, were applied to determine the best-fit equation by
incorporating AOD data with ground-based measurements of PM, . and air pollutants. After that, model validation

was conducted by comparing the estimated concentrations of PM,. and air pollutants with the observed

5
concentrations from ground-based monitoring stations.

Main Results : The study found seasonal variations in the correlation between PM, . and air pollutants. PM, . and
CO had the highest correlation in summer (R” = 0.789), moderate correlation in winter (R* = 0.560), and the lowest
correlation in the rainy season (R* = 0.124). The correlation between PM, . and NO,, as well as SO,, was moderate
in winter (R2 =0.501 and R? = 0.395, respectively), while the lowest correlations were observed in summer and the
rainy season (R® = 0.103, R® = 0.018 for NO, ; R* = 0.002, R* = 0.001 for SO,, respectively). The model results
indicated that PM,, and CO ground-based measurements exhibited a cubic relationship with AOD data.
The summer season model demonstrated the highest accuracy, with R values of 0.923 for PM, .and 0.823 for CO.
The model's estimation of PM, . concentration achieved an overall accuracy of 92.5%, while CO concentration
estimation reached 80% accuracy. A comparison of the monthly concentration trends between the model estimates
and ground station observations showed an agreement between the two datasets.

Conclusions : The study highlights the seasonal variation in the correlation between PM,, .and air pollutants, with

the highest correlation between PM, . and CO occurring in summer due to biomass burning and forest fires, which
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are major sources of air pollution in northern Thailand. A moderate correlation was observed in winter, while the
lowest correlation was found in the rainy season. The relationship between PM, . and NO,, as well as SO,, was
moderate in winter due to the influence of temperature inversion, which traps pollutants. However, in summer and
the rainy season, the correlations were very low, especially during the rainy season, when precipitation helps reduce
pollutant concentrations through wet deposition. Northern Thailand frequently experiences severe air pollution,
particularly with PM, . levels exceeding air quality standards from February to May. During this period, air pollution
reaches levels that pose health risks, potentially causing both short-term and long-term health effects. This study
developed a model to estimate PM, . concentrations and associated air pollutants using aerosol optical depth (AOD)
data combined with ground-based air quality monitoring data. The findings indicate that the model, when applied
to satellite imagery, achieves high accuracy and can be used in areas lacking ground-based air quality monitoring
stations. This provides valuable support for relevant agencies in implementing more effective air pollution prevention
and mitigation measures.

Keywords : aerosol optical depth ; PM, . ; air pollutant ; satellite image ; model

257

*Corresponding author. E-mail : chote_weerakul@cmu.ac.th

Introduction
wafiEn19eINIAinaINNIsuilautesasiENdanansenusaqgaA eIy @190aNE198INA

Huanaailn 1 Juazassauinan (PM) Aingafueunewanlas (CO) Anglulnsiaulasanlas (NO2) fadamas-

o

lneanlas (SO2) a1smefia (Lead, Pb) Aalelou (03) wazansaunseszivedng (Onivefu & Imarhiagbe, 2024) luiNui

= o = | = . o § v a =
mmmu@muuu‘nmﬂimﬁimﬂm%mmmﬂmmiwmLmzmwwmqmm ﬂ‘ﬂ'ﬁl%‘]g‘uLLNVﬂﬁlﬁLﬂﬁﬂQ"lﬁJL@EJ\‘lsluﬂ’W?

o

WalsaFieusannnn e rassuunaniumela wazlsaszuusialavaaniaan (Shahriyari et al., 2022) 419151013

1
aal o

pIvadnnmNIneINAluszAuN ARuALTeNszmAlnadiasidasiananadsznis iy auuanitingadanianin

al

PRI & 4 & \ = Ay i a o = o o § o
LL@gﬂrJqNW?QUV’]@‘NWVLNV]QGQSLHV@'WE l’"’| NUN IﬁﬂLﬂquiuWuWWqﬁiﬂ@Miﬂ“ﬁuummiﬂﬂﬂqﬁ‘ﬁ]ﬂm\?@ﬂqumﬁ‘qqqﬂ @qq‘ﬂqi‘ﬂ
a o ) % o o o Y ey a
LﬂﬁN@L@Elm@ﬂi‘xmqmuﬂqﬂLﬂi‘qzuq\iiumquﬂqTﬂﬂ\?ﬂu@“’ﬂﬂqw ﬁ@'ﬂuuwwuqﬂqﬁ‘ﬂquLWﬂTuI@ﬂ?INWL‘ﬂuEﬁ\?@quﬁ‘ﬂ
ﬂﬁ‘zﬂqﬂﬁﬂ%ﬂlqwqﬁ‘qﬁLmﬂ{ﬂl’]ﬂqqﬂgﬂL%\‘]LL@Q?J@\?@ﬁ@@\T@@ﬂ (Aerosol Optical Depth: AOD) Lﬁ@aﬂm’]ﬂu@:ﬁﬂqﬁﬂqﬁ‘d
ﬂrJWNL{TN%/u"ﬂ@\W!u PMZ.S LLM@’]?N@WH‘V]N@WMﬁﬁlﬁmﬂ’.l’m Iﬂﬂﬁ/ﬂﬂmxm@\iﬂwﬂqﬂfﬂ‘u@:ﬁﬂ'ﬂ\‘iﬁluqﬂlﬁﬂ AT LL@zN@ﬁH’

=~ [ = Y o a g \ 2o a =
‘V]'Nﬂqﬂ']ﬂuﬂmﬂmumluﬂq?@lﬁﬂ@uLL@:ﬁ@:ﬁV]@u?\‘iﬂ@qﬂm"‘]\?@q‘wmﬁ] LAZHLNENLNN9ZUYNTRN AN TDLAUNINDNS

o

Aulan (Satheesh & Moorthy, 2005) AagunsaldAIANANIT A998 a09a08 TUNTATIREeLLTNNMTENN1AN

291



B

9an3INeAERsYINT I 30 (2L 1) NnaAN — wWEeu WA, 2568

BURAPHA SCIENCE JOURNAL

ISSN 2085-0983 BURAPHA SCIENCE JOURNAL Volume 30 (No.1) January — April 2025 UNAINNIAY

ANEREM lAFuNansznUAINauN ALauas e TuaINIANEUA AU NN EINWEA AN wansAINdNTUTIRdnda
de e a4 oo 2 I AP ,
aynandnlmullenuauluwwansiuAeynAluLTn LAY (Zhang & Li, 2015)
laqiiudnisAnsfinaadasiunisaisuuuanaesdmiulseui A a1 uai#n198aIn1A N133LATIE
poNdNiusIznddayaduareastundnLazasiaienseInAtunsdseynsldmatulatiaanialunane 7
N13ANEI LU Charoenpanyanet & Hemwan (2019) 18MNn13@n=1n1385190U LA 8NN saN @ uFLLsun e
Y v | Y =2 a U = dy a a d’j dl A
Audndureu PM, , tneldAimnuanidauasesduazaasuusseiniAuazan in1auay USnawunaamile
pauLuaedlsznAlng ATLARNALT 8 49T HAN1IANEINLdILLLAIae3ATA (Cubic) HANANUsxENT18
n1ssndula (R) geign Aa 0.770 WAZNANIINIIAGDUAINYNABILBIULLLAIADY AD 83.33 Lafidus uanainil
ladnisiuuuaaeslddseyndldluinunnianatssesdsemalng nants@neinudinisnsziaiaaududu
28951 PM,, A1NAINE18A19L 8 NT894L LA AesHANAeAAdadiuiLAINIRTadnlAa nan ia AN uAY
Asadi et al. (2019) 1AMNN1931ATI LRI NANAUTITNINAIATHANTILAITDIALDBIADLA N AT ULT DT
MODIS fayageRanine uazrdayannududurssaisuaisnieeiniaananiilngadaniaiumu uan1saLAsel

] o A s a PRp A o o - , Y a
WU"J’]LLUqu@ﬂQﬂqﬁ'ﬂﬁﬂﬂﬂmﬂﬂ?zmmﬁﬂWWﬂW@‘m AR LLLILI@’]@mﬂ’]ﬂﬂ”}iﬂ’auu’au'ﬂﬂhﬁﬂuqu@1U1MN@

«
a o a o A

HArdudsz@nsaesnisdingula (R As 0.901 LL@xLLUU@?W@@Mﬂiﬂ@ﬂ@ﬂﬁﬁﬂiz'ﬁwﬁmwﬁ‘i’ﬁﬁqm A8 LUUANA8SANT
dalaflnoanladludangiou fandulszanaanenisfndnla (R) Ae 0.181 Srianan & Lalitaporn (2022)
IivinnisAnnisdssunuAipudnduresiuaraesiadeyanaianlunianaaesdssmelng Toalddayaann
A0 1AIATATBININALANNANHALTRLAAIANANIT A8 ATREIAREAINANLTAEN S-NPP iiuLtes VIIRS uay
AN Aqua LU MODIS Nan153LAsIeiANANRLS WL da3a MODIS AOD uaz VIIRS AOD HAnnuduiug
0 PM, _uaz PM,, Ifenditlsz@viaaudaniug (R) lndiAesiu Buya et al. (2023) ldvnsfnsmstlszanusans
dinduaeedu PM,, medurestszimalng Aauuuanasin1snane B iduunLngABUATLLILA1909N19T0UT
1891A309 3 LLLA1AD Wu9ILLUaNa89114u (Random Forest) ﬁ'ﬂixaw'ﬁmwumﬁqmfimi"umiﬂizmm
AU PM, , TagiaainnstlszanniAinansiduduaasdu PM, gl dRnasinanssnuszardunazszazen
ludrugrnineesdszaansuaznisdnduladaulouiaresigunasely s nsAnmfidusndaulugjidunislden
ANANIENAIT890zR09AREATNANLTIY ledszan A A uduTRsa suafiEng a1n A udNTN

¥ =

poudniusiudayaainanitinmadanmunineiniassaunianuauingldaunisnanesgluuusing o emannig
o o \ P PRy a a ~ = o a = o = .
guiudszanniAnansnaiemiseniAnitsyansninuanngna luunanisdnunldinalinniseuiaeanses (Machine
learning) WBAF1ULLANARSANNTLY U AT AN NITNTUTBIANTNARENI9BINIAIINATANANITIUAITDIATRDS
antl InglddagaananidnmadnaunineinidssaunianuiuiiudagadniinsaBauiou nsAnsmaiiieang
Ay o o v ¥ dl =2 a dl ' o
HdadninluduszazinanresdayanldlunisfinguaznisiansuinansenueedggnIanuans1eiu lunane

= Y v = |dl Ad! 1 v 2% a a =2
QWHﬁﬂHWI%‘II@H@LWENVLNﬂﬂ eﬂqmmzim:muumiumw:mqmmmimmﬁtymmwwmqmmﬁ TANONNIT

292



B

9an3INeAERsYINT I 30 (2L 1) NnaAN — wWEeu WA, 2568

BURAPHA SCIENCE JOURNAL

ISSN 2985-

0983 BURAPHA SCIENCE JOURNAL Volume 30 (No.1) January — April 2025 UNAINAAE

o

wWisuiaunadnsanggniandnian nsdnsafiiiauiunissesanainauiddaneunti Tnassuaananysnl
1e3daya uartliugauuanienismwnaeiliainnnarieuaniunisninafiunisenialuginialdetnnseungy
wazudnedau Inalddayaeduludagszaziann 10 T (w.f.2557 - 2566) doalfaunsndanauualinaaududu

29381 PM, , fudafensanianifadeasuaznisilasuudassudasszaznan liateusiugn nsdnamzilaauiia

k7 ° v

ayanungnIarn liaunsafiansnnadenisanineinianinasaanidnduaesiu PM,, fusaism1senia

al
'

S 9 o & o ° ° 3o & Sd A = =

Mnaadeslangedu iQﬁJVI\iﬁWN’]i‘ﬂu’]LLUUQ’]@@\?iﬂﬂ?Zﬂqﬂﬁﬂﬁ UNUNDUNNANBUSANDINIALAZHANBNINDINA
% o

AXRENY

=S dald
NITANHIATIV

o

AnUsvasAinedinanziaNduiusszudeanidnduecdu PM,, funafiunisainia

figadecluiuiinamileneunuseslszindlng uazafrauuusrassdiusunisszanmeiarsuaiiznisennis
Tneldtayamedu AOUS WNTIAN WA 2557 T9 FuanAN W.A.2566 wazutnanisAnsFaumeuiumangnia
PANeSULNTINTNEATaNANEN Al g ieuBuAAFeunNN LS LA s AN ReruELRAReuTguEY
RNELINEE meq@umfaﬁurﬁ?\i WALAUAAIANDNLABUNNIIAN iefindsz@ninmuazanuuiuresuLLaaes
N ST P T P T P DGR T LR PG S TR A PMMmnamﬁmqﬁmmmﬁuauﬁu AIAYTHNANITILAI YD
ave83a8t (AOD) miﬁﬁmm‘llu‘ll@ﬁ?‘llmLﬂnu%qmﬂixﬂqnmﬂ%ﬁmuvl,ﬂLﬁﬂw'fmLﬁumwmfamqﬂumamwffmqmmw
an7A wadauntsaduayuniseiaadaulaung N3y uaznedanisdudsiaadeslusazena inldananm

o A o a ¥ 1 o= 5 a o £
TUN@ﬂUﬁQJﬂqN@WHV]’N@’]ﬂqﬂim@ﬂq\iﬂﬂi‘x'&vmﬂqwmqﬂﬂﬂ“ﬂu

Methodology

& o
NUNANE

nunAn lununa At neuLreslssmalng agindunasi 97 aemn 22 atan i 101 291 22 Alan

' v
= o

nrduaan waziduiy 20 a9An 25 a0 AU 17 egAmile ANuNsauiIuNAlszunns 85,800 An9neilalums

o

tsznaunds 8 99udm Tana W@ealud 1Te9se wHdaIaat WLlen AWK a1119 WS LAzt HemnnRnse Aail

a

(Figure 1)

a A a ] o = a A 1 % 1 %

rwile AAFBL UszmAleuNILATaN? Jinaniauauas uliany wazusiisnidu
WHIULNNTHLAY

Anzduean  Aaserdy Tminglevie grsfng uazmin

el Ansaiy Uszineann ANeNIMaenszuauasdaandninasysnfutsdauiu
WHauLNTILAY

NANZIURNN RASANL UsrnAi g U HuitiNeLazduniarauiinanaziy (wiu1Ag)

WU LLNNTNLAL
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Figure 1 Study area
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k4 1

1) 123)a A

v o

1ANANITILAIIB9ATDB98DE (AOD) AINNARA T MCD19A2v061 tludayainldanniawaas

'
=

MODIS Uua12feN Terra Way Aqua Uszaaanalaeld Atmospheric Correction (MAIAC) RANHNaLLa e ALEIN WA

1 Alawns g uiudinsvifininazessasaluduussainis lddayaninaiomansadulugoes 10 Ddounds

=

Aausit] w.A.2557 Dall w.a. 2566 a1uau 2,721 A tnadudayaninniaouanysafatnnsaunldld3meedd

ANANUE o AwnlsiReauiudeyanisnmadnuesan dasadnniaiumy

2) dayanismanainaaniduduaesdu PV, , uazansnafisniseinianinaades laun fnaanfueunauanlas

(o) intlulnsianlaaanlds (NO,) uazfinadamasinaanlas (SO,) sasantinsadanianuauluaauinAmile

a

pauLLAeNLlsTInAEaIUI 14 @0il (Table 1) AINNBIRANIIAIUNINEINALALIAEN NINALANNANY T9doyanis

ngaadns1aduludas 10 Ddaunds Aausll w.m.2557 D9l w.m.2566 luduhaaiuiudayanindianioiias
Tnalddayanisnaadnaondudusesdu PV, uazarsuatisnwainianfaadesusazlssinnsan 2,721 gadaya
N33Rz T8yA

nsAnn luassillddeyariananidiuataaiazeaians (AOD) uazdayanisnadnanududuanaru

a
[

PM, , wazdnsnafisnanianifeadasananiiingmadaniaiiuiau Inautinisinmsideyaeandu 5 dunau laun
1. nesqusandays 2. nswandeya 3. nainssiaudniusizndea NN dureu PM,  funafienig
arnAfgades 4. nrsafisuuuataesdiniulszunuAiauduiuseu PM,, uara1suaien19e1na uas

5. NN9ATINABLANYNADITBILLILIANADY HoeaziBaanisalaszidaya Al (Figure 2)
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Table 1 Ground-based air quality monitoring stations

9an3INeAERsYINT I 30 (2L 1) NnaAN — wWEeu WA, 2568

No. Station ID Lat Long Area Station name
Chang Phueak, Meuang,
1 35t 18.840732 98.96978 City Hall, Chiangmai
Chiang Mai
Si Phum, Meuang, Chiang
2 36t 18.790933 98.99 Yupparaj Wittayalai School
Mai
Meteorological stations, Lampang
3 37t 18.278333 99.506467 Phra Bat, Meuang, Lampang
Health Promotion Hospital Sob
4 38t 18.250817 99.76395 Sop Pat, Mae Mo, Lampang
Pad, Lampang
Ban Dong, Mae Mo, Health Promotion Hospital
5 39t 18.426783 99.757633
Lampang Banthasri
Provincial Waterworks Authority
6 40t 18.282633 99.659817 Mae Mo, Mae Mo, Lampang
Mae Moh
Wiang, Meuang, Natural Resources and
7 57t 19.909217 99.823467
Chiang Rai Environment Office, Chiangrai
Chong Kham, Meuang, Mae Natural Resources and
8 58t 19.30455 97.97165
Hong Son Environment Office, Mae Hongson
Municipality Office, Nan
9 67t 18.788883 100.776317 Nai Wiang, Mueang, Nan
Ban Klang, Mueang,
10 68t 18.567194 99.038639 Meteorological Staions, Lamphun
Lamphun
Meteorology Center, Phrae
1" 69t 18.128367 100.162433 Na Chak, Meuang, Phrae
Phayao Provincial, Phayao
12 70t 19.200226 99.893048 Bantom, Meuang, Phayao
Wiang Phang Kham,
13 73t 20.427325 99.883842 Maesai Health Office
Mae Sai, Chiang Rai
Huai Kon, Chaloem
14 75t 19.575967 101.081517 Chalermprakiet Hospital
Phra Kiat, Nan

UNAINNIAY

1) n3saumndayaAIANANTLEasBsazandaas (AOD) ATuNsHuuNaRNaT Google Earth Engine
(GEE) Inelddeyanaienituaas MODIS Mifudayasiaduaiuou 2,721 naw waraseiuiuduninismsmadn

AN gy PM,, wazarsuainniseiniaminaatdes laud fingarfueusenanlas (CO) Aalulnsiau-
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Tasanlas (NO,) uazfinadaiaslaaanlas (SO,) 1avan1iasaianIANuALlBEANWAN AWTEREULLTIBILsEINA
NgaIUIL 14 2013 AINTUNINITAIAIAINNANTILAIT098E029808 a4 AT AT298D 1 HRT9a AN AN LA WL
ihdayallldlunmmsiuaza¥euuuanans
= P | =2 a @ o a L a o v

2) Mmawzandayaf1ANANTILAIIIaraadaat uardayan1IRIaTAaINAnI TN AN LA WAL TusEY
o [ d' oMy e @ ' o A a p s A
Annsasdayaialifla A ndaangnaesuazuiugn g9gn 1H89AINAALAAAINAAIALARDUYDILTULTE FUTD
ANNAINIATNIIUNIUAINNIATIATAAINAnNHNIAN WAL Inaduaninousflunisdnnsasdasys Aa nisnsesrnaasiaya
de fama A4 oo o A o v . -
aUnaERANgezasiull nsmmassudeyanuiamiellaesiunluideyayarincnaniduastesazenians
wazdayanisngadnainaniniaiumu

3) N9 zAN AU sEndaAanmdid ey PM,  funaiemisainianingadesluuinawmile
ABULLIBIUsEmnA e IEAN A NANITILANTBIAZDBIARLANNAINE AN BN LTLLIEET MODIS WAZANNITATIATANIT
AgaadaANdNTuIacdy PM,  LazatsuaiEniIgen1afineades Inadinsziponduiusaestayalumdanun
WATIIAN ANAYINANLTILAdTeazeavaet iutayaseduludumbiidaaasfuaniiingaadauninaanis
nAfuAY uivdayadiuiunisiazimudasggnianiunisauunaensugntanine iun ggiauEuausinen
NUATUEIR LN AN QaNUENAILAIRaURgUIEURR LN LW LATYANUIIENAILIROUARIANDIAEY
UNFIAN ANNUUNINTIATIERAINNFNAUSTENINFILUTAIAIINAN LTI LA TDIALDDIADEY WAZAINITATIATAANN
aninaiuRunazassdulsyAnsanduiusine §4u (Pearson correlation) @aluAnatianldinaauduiusizadu

o

sruigdaasianls lnaNannng Aadl

D XC0ICE)
VYR Y (v,9)?

Taed A dudszAntanduiusinesdu
X Aa ANpegFawls X
Y, Aa ANpegFauls Y
Xuay ¥ A Antedaressoudls X uazdauls v

4) nMgaFauuuanasdniudssinniAnArndnduedu PM,  wazansuaiunisania lddeyaninans

ANTILAIUDIATDDIADE ANNATNTHANNEN b AILUUNADITLRFIATANIANLAY U1 N1ALATIZH AN NAUT e
. o v . G ~ - o

WULRNARIMUNIZAN AINANNITNANDE 6 WUL bALA LUULEUATS (Linear model) huu&ann1388A (Logarithmic

model) WULAY8ATIANE (Quadratic model) hUUATA (Cubic model) WULILATENNA9 (Power model) LA LLIL
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wnliuui@ea (Exponential model) lNe#1axun19Na7N4ga IA8ANNIINAND AR LULAIADINANHIUTN1ININID]

= e o= o &
NLEANEINNY Ng‘ﬂ LUUANNNT AN

1. wULLEUA (Linear model)

slubuanns Y=aX+b (2)
2. Wuuaann13siA (Logarithmic model)

sduuuannis Y =aln(X) +b (3)
3. wuuAlaAFANg (Quadratic model)

slutuanniy  Y=aX’+bX+c (4)
4. WuyuAalA (Cubic model)

sliutannis Y=axX’+bX’ +cX+d (5)
5. LULLA28NNNA4 (Power model)

gluuuannis Y =ax’ (6)
6. wuL@nltwudeaa (Exponential model)

sUuuuanns Y =ab” 7)

o a Y o : v - dd
e Y AB ANANIINTULREY PM, , ALNANENI9INIANALA T84
X A ANAITNANITILANTE9AZA89808 (AOD) 14 AU AIAT894010ATIATAAIAN
2INATRINTNANITIN
a4
b AB ANASN

5) N13AT9AAALAINYNABIUBIULUANAEY (Model validation) tvailszidutlss@nninaesuuuanaasiild
A mfudszninAtaonidudunecdu PM,, uazarsuafiznisanianifeadas innslseuiniaudinlsann
wuyANaadnUAIasaInaniinsaadanIaiuAuLiada AN unduarA N IT@aiesauLLAnaas Taavinnng
NAa8BL Cross-validation Test uuuuistagannseggnia 4 ngu taun nafeu nauu gguuIe uaTYNagNIA

:’/ v k2 1 1 v ¥ :// ¥ 1 ¥

anniuaiegadeyaluwsarnguiiu 10 40 soanisguanndayaianun tnadayaazgnuiaiudayagainasy
(Training set) uazdayatanaaay (Validation set) usiazgndayaldiunisduinannaaunauuiuenIaILLLA a8
luszAuganiaenizuazdeyansaniuimnn 98 18130R980UANNETETLAZ AYINLNNE1989N 1T szNn 0l

ANEN PM, , LAZANTHATENI98INNALUAN 1T UInAe MR AT NEURIUANGANIA I ataATa AN N19lsiiiuaN
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WHUENUBIANN AL AN TR AR T AU IR N ANTINNEBITRIANN AR ALARBILRAL NNA348 (Root Mean Square

Error: RMSE) ansnsnAunslaaingss Aatl

Tel X Aa At NENduIel PM,, uazansuaiiniseniAiiaadeasainaniil
R39ATAAANINEINIAN ANLAY
& ] ¥ v I a PRI £
X‘ AR mmmmmummﬂu I:’I\/Iz5 BAZRANTHANENINAINIANNEIUDIRNINANNNT
A o v Z’/
N AR ANUIUTBHRIVINUNA
1. Data collection
e Aerosol Optical Depth (AOD)
e Data from ground-based
air quality monitoring stations Regression model
Ground-based air quality ® Linear model
monitoring stations ® Logarithmic model
® Quadratic model
® Cubic model
® Power model
® Exponential model
l 4. Model development
I o Compare estimated values
2. Data preprocessing with observed values from
® Check for missing data - ground-based air quality
e Remove outliers monitoring stations
3. Analyze the relationship 5. Model validation
between PM2_5 concentrations e Compare statistical metrics

and related air pollutants l

® Calculate pearson correlation

e Interpret the Correlation Coefficient
® Statistical Significance Test - @

Figure 2 Work Process

298



B IENEIMENAERFYINY U9 30 (RULA 1) WngAN — ey WA, 2568

BURAPHA SCIENCE JOURNAL

ISSN 2085-0983 BURAPHA SCIENCE JOURNAL Volume 30 (No.1) January — April 2025 UNAINNIAY

Results

1. MsAATIzRANANAUTITnIe Al Nt ULl PM,, funafisneenafiieadesluiuinnamile
pauLutedlsznane

HANTIILATIEWANNANAUEITNINH U PM, funafisniseniafiiaadeclunipmileneuuuses
dszimalnanudney PM,  Inanuduiusgeganiufinaasfueuneuanlast (CO) lutwngFeu (RP = 0.789) 984898178
591U (R® = 0.560) meﬁ%’]ﬁ@mhq@ﬂu (R® = 0.124) A udninsazudnerlu PM, . fufnglulnsiaulasenlas (NO,)
wazfinadamaslnaanlas (SO,) agluszauiunarslugosnguuin (R° = 0.501 uaz R = 0.395 muansiv) Tnaludos
nafeuuszgauauduiusizudnadu PV, fufalulpsiauleeenladiazfadameslnaenlasaglussdusiunn

a

(R?=0.103, 0.018 WAz R? = 0.002, 0.001 AMNATAL) HANNIILATIEHANNANRUSITudwFwl shazArosduilsc@ns

v A o

ANANNUSINeTAL Heall (Table 2)

Table 2 Pearson correlation coefficient

Summer Rainy Winter
PM, . CO PM, . CcO PM, . CO
Pearson 1 0.789 ** 1 0.124 ** 1 0.560 **
Correlation
Pt Sig. (2-tailed) 0.000 0.000 0.000
N 1000 1000 1000 1000 1000 1000
PM, . NO, PM, . NO, PM, . NO,
Pearson 1 0.103 ** 1 0.002 ** 1 0.501 **
Correlation
PM . .
22 Sig. (2-tailed) 0.000 0.000 0.000
N 1000 1000 1000 1000 1000 1000
PM, . SO, PM, . SO, PM, . SO,
Pearson 1 0.018 ** 1 0.001 ** 1 0.395 **
Correlation
PMas [ sig. (2-tailed) 0.000 0.000 0.000
N 1000 1000 1000 1000 1000 1000

**. Correlation is significant at the 0.01 level (2-tailed)

299



B

9an3INeAERsYINT I 30 (2L 1) NnaAN — wWEeu WA, 2568

BURAPHA SCIENCE JOURNAL

ISSN 2085-0983 BURAPHA SCIENCE JOURNAL Volume 30 (No.1) January — April 2025 UNAINNIAY

2. n3afauuuaIaeddmFuLsznA AN NI ULREW PM,  WazansuaienIeeInia

nsmANANRUSIzuIe A A RN w09l PM,  uavasuaienisenid Iddagyadianuanidaugs

a

219987089888 (AOD) WazAINIAIIAdaaINanHnmadnaun naInIAluNuAANE Unndinsziaduiisaae

WULANABSTIIANNZAN ANENN190A00e 6 Wil laln wuudunse (Linear model) Hanumnnzaniudayanians o

v o

wwaliupauduiusiinauseanasludns s lugduuu@adunss wuudannidsia (Logarithmic model) 1A

v 3 S a & LAy i by v o o o g = a oo
mmmmmmﬂwumimmuhmqqLa‘muqq weN LU N A NANNUS aAAN UNUTRIDYANAITNANAUND AN
&

'
a [ v o

209A9bUNNTY LULA8AI15NE (Quadratic model) ﬁm’mmmmuﬁmm@ﬁﬁmwmuwuﬁ“lu'Lﬂul,%\ain’u Ei

ArA NN Bl PM,  wazatsuafinnisainiaiuaAInisasIadnainan 1 ingaadnamnInaIn1 AN uma i

1
a

£ , < A o~ P v o ¢ 2 a . = o o S
Wnauludasninaunaziuua iduaudunusanas wuumaia (Cubic model) HAMULUNICANNULBNANNAIN

a

o

o ¥ = Adl 2% o o ' a‘ ‘g/ A ¥ 1 °
Gﬁusﬂ@ummmﬂﬂ@ﬂuuﬂmLLmTuummmwuﬁmeum@@m@w@w@y‘@iumwmq LULLAULNNIAY (Power

v '
o

= o v = > a & < o : o A o =
model) AAaumnnzaniudayanduur idunisiindusessoudsniedanaiudndouiudnsiouduie uazuuy
v@nllwuid@as (Exponential model) HAvumnnzaniudayaniuunldunisdasuulasdayauuumigos naneaing

1 ¥ v = 1

uunaaedgImiuLsranniAt A sdind ey PM,, BAZANTHANHNIIBINIANLINLULANARIAID AR A HUNIZEN
= = X o v o & o -
nnga Inen1sAnEiianezsluuL A NdNTusresdaya Aail (Figure 3)
n19UsziRusr@nsninaeswuuanandidaanuld Anduilsrdninnssindula (Coefficient of Determination)
o o o o a ° P a o Py o ~
Wuddndiniunisdsziinuuudanaesnafiaudnainnnesuigacnuulslsusssdeyaldnnindaaiie ola
TnaAnldazuansliiiudndauretadnulslmuesdeyanaiunsnesuneldlaa ldunnudiaeiu o) Ardutlszdng
o o P LR | A v o v @ ° = o ,
nssindulaiAfsaus 0 e 1 Adlndawaesiy 1 wanliviudiuuuaaesiaauuduggelunisdszanaipiaony
v o \ a ' =2 a | Al v a o v @
induragEu PM,  LAA1INANENI9INIAINAIANANITILAI1290 Y0980 AT INALAENTL 0 wanaliiiiugn
wuuanaesliauisnaduteanulslmuresdays visaldausa i Aipudnduaecdu PM,  uavaisuaiis
NNBINIAANNANANNANTILAIIIAZ009a08 6 ANdNLANnBN19snAunlaaasuiaziuuanaed Neall (Table 3)
aun1andAdNdscAnsnisdindulaninnan 0.7 uanaeponudnius luseatgalunisdssunmiaonudndu
2199El1 PM, WAZATNANENINBINIAAINAIANNANTILANTDIALDDIADE LLLANABIAINTDDTUNEANN L1991
wadayalaninndnfessy 70 TnaanunisndAr A nduiusgeangaazgninldldidusuudiaesimunzandmiunig
dsznrnuaraududusesdu PM,, uazarsnafizmivainialuiunansisall nan1sdmsnziaoiuduiug
anuuuaaeaiudayailaainnisnadnas nudiluuuaiassdviudssanuatanuidudusesdy PM,, uasfine
A1fuauNeuenlas (CO) NNAENLszAMEN19AnANLAMY 0.7 A9U9U 22 WULR1A8Y AuUNANgANIA A gafen

'
A

0)9elU g1UIT UAZYNHYNIA IPEIAN1TU9 IR UAI N BN UENUBIAI N AU LA NI A LAA T AL IR NANTINN D

A o

2B9ANNNARALAABULAALN1AIAEY (Root Mean Square Error: RMSE) H#dil (Table 4)

300



BoJ

BURAPHA SCIENCE JOURNAL

ISSN 2985-0983 (online)

9an3INeAERsYINT I 30 (2L 1) NnaAN — wWEeu WA, 2568

BURAPHA SCIENCE JOURNAL Volume 30 (No.1) January — April 2025

UNAINNIAY

700 4.000 40 6
35
600
3.000 5
500 30
4
o 400 2,000 25
(]
= N 300 o~ 20 o~ 3
g QO 1000 o o
1S 2 200 o 25 b
5 2
7] 100 0.000 10
o 0 1000 2000 3000 5 1
100 0 1000 2000 3000 4000 -1.000 o
0
200 -2.000 5 0 1000 2000 3000 0 1000 2000 3000
AoD AOD AOD AOD
o 1.400 18 4
P 1.200 16 4
14
50 1.000 3
a0 12 3
=~ 20 o O° 10
wn o~ o~ 2
% g 2 © 0,600 f g 8 2 ,
O 040 ‘ h‘_‘—é :
o 4 ﬁ
0.200 1
10 0 500 1000 1500 2
20 0.000 o 0
30 0 500 1000 1500 0 500 1000 1500 0 500 1000
AOD AOD AOD AOD
400 2000 14 2
12
300 1,500 s
10 )
200 1.000 .
P o~
Q wn ~ o1
z g 100 8 0.500 g 6 2]
E a
0 0.000 4 05
0 1000 2000 3000 0 1000 2000 3000 2
-100 -0.500 o
0
200 1,000 o 500 1000 1500 0 1000 2000 3000
AOD AOD AOD AOD
700 3.500 ® 6
600 3.000 35 5
@ 500 2500 30
8 00 2000 25 4
o 2 300 1.500 g S
wv
& S Lo 8 1.000 O 15
o 0.500 z 2
0] 100 - 10
o o 0.000 5 |
<
[ 100 0 1000 2000 3000 4000 0500 @ 1000 2000 3000 0 .
-1.000
-200 1500 50 1000 2000 2000 0 1000 2000 3000
AOD -1 AOD AOD AOD
Observed === Linear Logarithmic === Quadratic === Cubic === Power === Exponential

Figure 3 Graph of testing results
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Table 3 Coefficient of Determination

) Coefficient of Determination
Model R Seasons
NO, | SO,
Summer 0.061 0.025
Rainy 0.002 0.003
Linear
Winter 0.268 0.024
Three Seasons 0.089 0.024
Summer 0.565 0.455 0.059 0.019
Rainy 0.531 0.001 0.001 0.005
Logarithmic
Winter 0.522 0.299 0.113 0.034
Three Seasons 0.523 0.351 0.074 0.019
Summer 0.066 0.026
Rainy 0.008 0.004
Quadratic
Winter 0.269 0.065
Three Seasons 0.094 0.025
Summer 0.066 0.027
Rainy 0.011 0.004
Cubic
Winter 0.315 0.066
Three Seasons 0.095 0.026
Summer 0.064 0.021
Rainy 0.001 0.005
Power
Winter 0.134 0.032
Three Seasons 0.086 0.019
Summer 0.052 0.026
Rainy 0.002 0.003
Exponential
Winter 0.265 0.026
Three Seasons 0.076 0.024

R2

Coefficient of Determination
Above 0.7: Strong influence*
0.3 to 0.5: Moderate influence

0 to 0.3: Weak influence
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Table 4 Testing model and coefficient determination (R?)
Model Seasons Observed Equation N R? RMSE
PM, . Y = 0.0684X + 8.1998 2,120 0913 | 10214
Summer
co Z =0.0007X + 0.1899 1,050 0.784 0.225
Linear Rainy PM, . Y =0.0331X + 4.6571 410 0.715 4.127
Winter PM, . Y = 0.0738X + 7.9235 1,550 0.878 | 17.513
Three Seasons PM, Y = 0.0729X + 5.2196 4,080 0.885 10.747
PM, . Y = 1E-05X + 0.0499X + 13.768 2,120 0.922 9.647
Summer
co Z = 2E-07X° + 0.0002X + 0.3513 1,050 0.822 0.216
Quadratic Rainy PM, . Y = 1E-06X° + 0.0324X + 4.7735 410 0.715 4127
Winter PM, . Y = 1E-05X + 0.0406X + 18.886 1,550 0.896 | 18.078
Three Seasons PM, Y = 1E-05X + 0.0475X + 13.066 4,080 0.899 | 10.193
Y = -2E-09X’ + 2E-05X° + 0.0443X +
PM, . 2,120 0.923* | 8.820
14.791
Summer 3 2
Z =-3E-11X’ + 3E-07X° + 0.0001X +
Co 1,050 0.823* | 0212
0.3735
Y = 8E-09X’ - 1E-05X" + 0.0363X +
Cubic Rainy PM, . 410 0.715 4125
4.4494
Y = 7E-09X’ - 1E-05X” + 0.0646X +
Winter PM, 1,550 0.898 | 16.268
14.395
Y = 26-09X° + 5E-06X" + 0.0534X +
Three Seasons PM, 4,080 0.899 10.082
' 11.987
Summer PM, Y = 1.5051X" " 2,120 0.831 | 15.924
Power Winter PM, . Y = 1.6758X" " 1,550 0794 | 29.609
Three Seasons PM, Y = 1.0467X"""" 4,080 0.813 | 17.809
PM, , Y = 20.026e” """ 2,120 0.781 | 27.299
Summer
co Z=0.3183¢" "™ 1,050 0.809 0.218
Exponential
Winter PM, . Y =23.109¢" " 1,550 0.862 | 23.084
Three Seasons PM, . Y =18.397¢" " 4,080 0802 | 24.282
When Y is PM, ; Concentration (ug/m3)
Z is CO Concentration (ppm)
X'is AOD Value
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HANNT3LATNI TR NANRUS Iz AANIdNd w0 w PM, _ wazfingansusuneuanlss (CO) ann
ANANANITILANID9Azaasaae T A nuULANaesnuAA MR uIedy PV, uasfingafuaunauanlasain

ANNUATIATAANININDINIA WUINANNNINHAGNU sz ANBN195nAWlAaNINNGT 0.7 HAuUHuEneIA AWML

'
oA

AR IAATIA NI IAINAIINTNABILBIATNAAIALARDUIBRLNNAIA8Y (RMSE) d1uiudu PM,  uazfing
PfuauNauen larR A lugae 4.125 - 29.609 uaz 0.212 - 0.225 ANNATAL N3AATIEIANAMENTULRIW PM,
wazfingafueunauanlas anuuLAIaafivinzaniga wudiAtianmeiniaiinisaauulasllanndasngnia
1 A a XK o 1 ‘dﬁ/ 1 I o = 1 o = o a Aﬂ” Adl 1 A
daginaungAINIEURE U ANTaa N ud AATiA N Ne N Aeg TusEALRALA T T AUANIN UL LN dasiRau

NHANAUEIING HNANTIIA TN LA AN AT AN BN AG NN NI WA UDITEALTONA N NANFEN LA DGIN N WATHNA

=3 v

saguninuyue Insanizlunguiszainsiiaonngeulun 1 in ggeeny wazgndlsaiaaiuniaaumigla

dauludovmeuiiguinuiduduly Ardatiaunineinialinuelinfaauetnseliios aanAfeaiuN19anaI289
Ao ndnduredu PM,, uazfingansuaunenanlsd fvaadunaniainitadanisaninaanaa v gedundos

1xa19dulueInia uaznisanasresianssunne liiiauaiy nantsdasziAiadndulefaanauLsy

UUNAINAATHANIN NN ATRNAI A Nd T uEeEl PM,  naeadisll uazfinganfusuneuenlas udaengFau

a

¥
a o a

FaLF NNTVAN W.A.2557 D9 FUANAN W.A.2566 Aeatl (Figure 4)
nstlszidulss@nsnineautudaedatdszanaiatnidndueddy PM,  uazansuaiem1eeinA 1nmn
= o ! ¥ ¥ 1 a a = o .jl d‘d
wWreusuiuAiaudnduresiu PM,  uazansnafinniseiniasssainantinadnannineiniAluiuiAng
Tnautiedayaeandy 4 nquainggnia tdun gafeu gauu gauwie uazdeyasuynggnia Mldainisadned

] v k7 1

AHUNLENTasuULAIaesn e lFan I ndeNuansneil gadeyalunsaznguazgnguainsgadeyatien 10 40
wiazgaazgnuieaniugadayainasy (Training set) uazganagay (Validation set) etaglianunsnilsziiuannu
= o a A =2 ' ' ¥ Y | = ¥
LANEITRLULANAe TULTUN AN UAE NanTsANEINLdINITUsERiA AN duIeu PM,, HAdNgnsieg

¥ ! ' ¥ 23 o o= £ 13 A a
sanfaar 92.5 daunistszanuaianndnduaesinaafuesunenenlasimnugnsiessuiasas 80 WWafanInuN
wwrlinandndusaimeuszndndnldannistszunufaauuusaaesiuA1aeaInnIsnsIadanani il wudd

! k7 ¥ 1’/ ¥ IS ¥ v o £ =<K s
ArANdnTureisdesgadeyatiuus linlndiAasiy axviaudeaugtnnsalunisnensalnunIneInAzes

o

WUUAN884 U199 889ANNALLLTT9IANN NN ARINTIIIAT AT (Table 5)
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PM,; Level

Satisfactory Moderate Unhealthy Very Unhealthy

15.1 - 25.0 pyg/m® 25.1 - 37.5 pg/m® 37.6 - 75.0 yg/m®

CO Level

Satisfactory Moderate Unhealthy
6.5 - 9.0 ppm 9.1 - 30.0 ppm

No data

Very Unhealthy

Excellent

4.5 - 6.4 ppm

Figure 4 The map shows PM, . and CO monthly average concentrations based on daily analysis data
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Table 5 Model validation

UNAINNIAY

Model validation

PM,; (ug/m®)

Summer Rainy Winter Three Seasons
Observed Estimated Observed Estimated Observed Estimated Observed Estimated
PM,; | Level | PM,; | Level | PM,; | Level | PM,; | Level | PM,; | Level | PM,; | Level | PM,; | Level | PM,; | Level
73.50 4 64.33 4 29.50 3 25.74 3 24.00 2 24.58 2 70.00 4 68.43 4
98.80 5 99.50 5 31.20 3 31.82 3 33.10 3 27.34 3 84.20 5 82.15 5
65.10 4 67.73 4 15.10 2 24.65 3 9.20 1 8.15 1 26.50 3 36.57 3
69.60 4 76.93 5 28.40 3 27.85 3 24.50 2 21.88 2 25.60 3 29.61 3
74.20 4 72.77 4 29.80 3 30.87 3 10.30 1 15.24 2 27.10 3 30.81 3
71.00 4 72.32 4 27.90 3 30.24 3 22.10 2 23.19 2 29.50 3 25.08 3
62.60 4 50.97 4 26.50 3 26.15 3 24.50 2 23.56 2 20.20 2 24.64 2
79.50 5 76.61 5 34.60 3 36.37 3 13.00 1 7.82 1 24.40 2 24.58 2
38.40 4 71.76 4 33.70 3 32.76 3 7.40 1 9.48 1 11.10 1 9.22 1
88.00 5 80.83 5 24.80 2 28.47 3 21.80 2 23.50 2 6.00 1 10.54 1
Model validation ompare the value between observed and predicted
CO (ppm) P
Summer Level PM, 5 (ug/m®) Meaning Observed Predicted Accuracy (%)
Observed Estimated 6 5 83.33
CO Level CO Level 2 15.1 - 25.0 Satisfactory 9 8 88.89
0.50 1 1.04 1 3 25.1-375 Moderate 13 13 100.00
1.50 1 1.87 1 4 37.6 - 75.0 Unhealthy 8 7 87.50
4.30 1 3.01 1 4 4 100.00
4.60 2 5.42 2 Total 40 37 92.50
6.30 2 5.98 2 O
6.80 3 6.10 2 Level CO (ppm) Meaning Observed Predicted Accuracy (%)
7.50 3 8.47 3 3 3 100.00
10.10 4 8.54 3 2 45-64 Satisfactory 2 2 100.00
15.40 4 11.55 4 3 6.5-9.0 Moderate 2 1 50.00
31.00 5 32.15 5 4 9.1 -30.0 Unhealthy 2 1 50.00
1 1 100.00
Total 10 8 80.00
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Discussion
a 'S o o o 1 v v 1| o a ai dl ¥ d’l ai A
1. M39ATITANNANAUSTTNIe Al NTUIeIW PM, , AuNafEisandAiingadaslununniAwmile
| a = P a | a
nauvuaeslszmalnanudnlymuaisniseinialuniavieneuuureslszmalnaiauguussigalugosney
o/ =R U = = 14! U o v v U o = ‘ﬂgj tﬂl 1
NNANUSIAUABUN BN1ANTRYNT T9denAABINL AN NRINTATEURATLTILALIsT N e UL NN Tui U T
. Y 4 s - . X
anuusnnsanae lulssimdnazdssimaiiautine lngianizannfanssunianisinenskas dn wanannil
anINReINANLBaABNITATANAIT99H W PM, AUNaNEMN9a NI ARt 111 Usngnisalgaunninny
(Temperature Inversion) yinliinansldanunsnastsouaznszatsasnlle danaliguninainidutasatineamnn dou
Tugqamendu 9 iudasiannineanialuu NATY 1iu Aluan deidesdasasdduazeasiuainid uazniswn
Tuntasanas A linunineanialuunsiuneluseaulunanaiiehnnn nan1sddaiaanndesiuauAnmnay 7|
nAnEALaiuANANTuEIEnIA N NI uRgEl PM,, uaza1TNATEN198 N ATEAGIS 7 11 UANEI299
Kawichai et al. (2024) wudnmanudnduaesdu PM, WATANTANFURLNDUEN MIFNAINANAUTAY IneenIvatinad
Tudaeggiaunindnismniniluiunldawaznui i faduuasindiandnaessy PM,  uazfinganfueunawanlas
(Tao et al., 2013 ; Lalchandani et al., 2022) WAZEIADAARDINLNNLANEIURY Chairattanawan & Patthirasinsiri (2020)
pRITREY S a = A \ o a , | a
nlaansunasnuiinrasniafaduidnaniawmilaseslsemalneg wodunasiniadu Py, daulugiinann
de X . e . v - vd - e
n1ginlunlas wanainil Usingnisalgungiunduludasgguuiadedenalinafiwaranlndanusuninau

o o '

(NiedZwiedZ et al., 2021 ; Shao et al.,, 2023) ati14lafifn A NANRUTIzNI9 A N T uTRed Y PM,, FURnD

v v
o aAa ]

VLuTmmuim@n”LEm’(N@) meﬁﬁﬁﬁsﬁmvxl@ﬂmfa@niem’(Soz) T3 ATIN AN LANFANANN LN U3 8N UTN
| M UANEIT8S Peng-in et al. (2022) TvinnnsAnmnisdseanuiangdu PM,  seAlinANuAY USNN3mnEnIung
wazd3uamazesszmalng IngldA1AuanidanasresazeetaasannA1 e uLTuEes MODIS NaN1TANSEN
Tunuwddeinudfnglulansaulaeenlasd (NO) wazlalan (0,) HAruduRusAuAIANdNduTaatly PM,,
4 . “ 4 4 o 4 A . X A
FauAnFA9aInuani1sane luNunn AUuteneuuuredlssindlnaNerainan AN LANA192RINUAANEA
anmiane dmusssn ulaunenisnased wazunasnulanaNEAANLANFANNIY

2. nMegiuuLanaesdIniuLszinariAududiresil PM,  wazansiafien19e1n1AaInNain1snnnes
6 UL oA wuLdunas (Linear model) wuu&anni3sia (Logarithmic model) wLULAMemAsANg (Quadratic model)
wuUUADA (Cubic model) LULLAYENANAY (Power model) haziludinitiui@ea (Exponential model) lian1a@snng
Aaa = ] v v | @ | a o - -
anga wantsAnEInLdAtANTnTute s uazaasauaanllifu 2.5 Tuaseu uazfingarfueunauenlas
FAugNTuUsLUUADA (Cubic model) FUATAIMNANTILEIIDIAZaD9a0s HANEN1szAnsaaeni1sdndnla (R)
A9 0.923 nauuuaaedluinangfautino N Tangange AL iLuANEN28 Asadi et al. (2019) WLLANAEN

o

28 UAN I UEIdRAARBIALUNANITANEI89 Charoenpanyanet & Hemwan (2019) AlANN1sAN=1IN15854

wuuanaesmsnzand miulssn A ddnduredu Py, Ingldraonuaniduasassduazassluussannis

a
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-
a o

(AOT) uazanNiNIANUAY Nan sAnEINUdILLUANaasAala AAdulsc@nianinisandula (R) gehga Aa 0.770
wazARARRBIILNANNIANEIT8Y Bao & Van (2021) Annisane luuasTaaiiud Ussimaiaaus ian1sdnsanusn
AN IIRIW PM2.5 1azA1ANANITIuANT89a e asaa A NdNRusuLuAI T ngengn HA1duilszAndues

o &

nsindula (R%) Aa 0.82 A mduiglulasiaulaaanlas (NO,) uazfnadamaslaaanlas (SO,) wudlaandnRLs

o

1 =X a o <I) =2 1 ° Y v ° v
vANANANTLasnsazensana luszaumaliannsarinun ldasauuuaansla

¥ o o 1

wwanansansiall anuanistiaszipNdnRlsz A Ndnduaasu PM,  Aunafsmiseinian

'
= o &Y s

et Araonudnduesdu PM,, IarnduiusgengaiufiisafueuneuenlasdlugasggFeu uidlaiaison
lugaagguus wudnAtasduduzes PM,, Bpsinduiusiunaiemiseiniaynaiainsadn lunsaiiinasld
WULA1989WIA (Multiple Regression) 8149981 1931AT xR N g usszndnatly PM,, Auasuaiswau o
HAonuusug1Nngedu Tnsaiunsofansuinansenuainuansuanaiaulsnfaniu uananniinelddagyaann
AENNR A NAZ DA UNATU 11U AL Sentinel-5P (TROPOMI) WaRiusidayagasalodmastiianin
Aurstsanuaaiiule (Visiole Infrared Imaging Radiometer Suite: VIIRS) %38 AnqiiaugAiiandnen Himawari-8
Wudselamlsanisimuinuuaiaesluauian uanainiiarsAnsinansenuaaddudunesdu PM,  uazaAIA
v v a A Y P ! pRp ) & v
dinduresansnafiznieeiniAau o luduguaiwadan Inaaniznguissansiiaauidenzung 1l wbin ggeeny
wazgiloeiass duiumasanuningadesanslianudrAyAunisannaiumiseiniAainuiasindie iu n1saauAx
dg/ dl 1 % s 4 ¥ ! o [ nI/ a dl a
nsinluinunlas nsafannumnszinuaznisinonufunyseaau dufudssaiauinlladsuaniaasianssy
v 1 dld 1 1 ¥ = =2 k% v o A d‘ v
natguasludaniAtANdndueanaieni9e1n1rAge sandeldniinineundevseinsesnsesainialutu

Auiumbauninaadesaasinaunidayannininainidediesiaiiios inalilszaauiunsuuazdesiunues

Teatinannzas

Conclusions

HAN139LATIERA AN UETE NI AN AN T U R U PM, . AUAIA NN TU898191a N ENI98INA

k2

MAgadas laun frgarfusunausnlasd (CO) Anrlulnsiaulaaanlas (NO,) wazitadaiaslnaanlas (SO,)

pnduriusIuAnd1eiulnngania e du PV, uazfingarfueunenenlasnudninanduiugsrudieiu

'
] 1% A

= & 4 a I o N =
ma;miwmqq@,mu LummnmmmhmuwuwLﬂwmsﬂﬁwa‘@msmmwmwLﬂumm&]mmmmimmmwwmq

e pmid )}

an1angniinludasggfanluiuiniawmiieneuuuaesdszinalng ludasgguuionuauduiusliunats uay

'
=

TugaeggrunuaudNiusange douriasniduduaesu PM,  Aufalulasauleesnlss uazAraoudnduses

q q

2 o

tu PM, , Aufinedanasineanlasnudniasnduiugirunansludagguung iliasaindnnazesisngnisal

'
a o

o < a Y ! ¥ oA A raiclt 1 d‘d
goupiunfuniniiunafinenld douludaengfeunazggeu wudrlianuduiuiina uin Inaanizludosguund

a
v [ '
°

TN Ut A AA NI NT U A N AN HN 198N AN UNTTUIUNNFTEANANSE (Wet Deposition) Nuin1ALuile
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pavLuraslszmamednndny Ty muatenieeInIAzuLs IngenizAney PI\/IQ_Sﬁzg\i NUATNIATFIUAUNITNEINA
fituun ImﬂL@W’]x’l,mifmLﬁ@uqmmﬁuﬁﬁdwqwﬂwﬁumﬁwwmmﬂlmj’wLf;mﬁdnmq@gﬂmzﬁuﬁGlmﬁmamxwu
ﬁi@mmwﬁwxﬁuﬁﬁmmmurfifazwmwmewzd\m@mwwi@mﬁmﬂzymmmw%ﬂmmz%u v Tamnauiin
TsamaiumalaRaundu uazszazann wu lsanzifalen mma‘ﬁnﬁﬂuﬂ%ﬁwudﬂmm'mLﬁuﬁummr!u PM, . 4
AgAnFuauNanan AN ANENAUSLUUAYTA (Cubic model) AUATANNANIEILANIB9AZE29a08 IALLLILANARY
Ium\aqﬁﬁﬁuﬁmwmmmuzﬂqﬁ'qm STATE LK IA( PM2.5ﬁﬁqﬁuﬂaxaméﬂqiﬁmauiﬂ 0.923 WATULLAABY
Aaganfuaunauanlad fandulszansnisindula 0.823 N19U3E I UAINYNABITDIULLANABINLIIHAIN
wingng TnaA1ANgndesresuuuanaesu PM,  uazuuuaaedfingafuauNauanlad Haanngnsies 92.5
wWafidus uaz 80 Wwafidusl muadu nsAnuluewiAnaNIsafansaRanIznUAINNaN A afaul snFaNiu

v v ° . . vy = ] A = ~ & 4 X
mﬂmﬂmmmmmwn@m (Multiple Regression) LL'Z\]SZﬂ’]ﬂ‘ﬁ“lI@ﬁ;II@W"Iﬂﬁ’]'llw]ﬂllﬁ]’]\‘i ] WNﬂQWNZ\]ZL‘ﬂHﬂL‘NWMVl@]\?“ﬂu
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