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ABSTRACT

Development of the PM2.5 model from CALIPSO satellite data in the
Northern region from 2017 - 2021. The northern region comprises Chiang Mai,
Lampang, Mae Hong Son, Chiang Rai, Nan, Lamphun, Phrae, Phayao, and Uttaradit
provinces. In this study, the Linear Mixed Effect (LME) method was applied to aerosol
optical depth (AOD), temperature (TAMP), relative humidity (RH), wind speed (WS),
normalized difference vegetation index (NDVI), and the planetary boundary layer
(HPBL). It was found that PM2.5 concentrations agreed with ground-based data with
R? greater than 0.76 In addition, it was found that the maximum value of PM2.5 was
in March, while the lowest was in July. As for annual changes, PM2.5 dust tends to

increase.
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€PM25
Combustion particles, organic
HUMAN HAIR compounds, metals, etc.

50-70um <2.5um (microns) in diameter
(microns) in diameter

& PM1o
Dust, pollen, mold, etc.
<10 um (microns) in diameter

90 um (microns) in diameter

FINE BEACH SAND
Image courtesy of the U.S. EPA
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ﬂum@mﬁw;whuquéﬂmﬁﬁLﬁu 2.5 um PM2.5 AaA19finAIINY e
drinanmunUasRunan e PuacoesuULan AT EUENaED
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Tuagluszuummamwnelamuans inbudnlsamauiia wi PM2.5 Tuusssnnimesd
pandnsAUSRananensgUtefidulsailauaslsnlaniiandnunslunes
RNAN Wnentsraslaanadiumels aaUsransnmnnsineesan wazisn
Tosffunnadedinneniesunis lnsimwyiangeany yiaalzavala Taaneudin

LATANSLAITRTREIgINANLNG (NATIONAL, 2018)
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13 Aamnan ALA. 2006 (nansfu)
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5 fuay
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AMUTENBY 3 NINTTANLABINURTBBIRTNAIINGI[A91N Cloud Aerosol Lidar
and Infrared Pathfinder Satellite Observations 7147 (University of

Washington and NASA Langley Research Center, 2009)

91nnUszney 3 ayniag waraesunniineinunenaiuen v
amanei lasnenusnsmsiuennideslnre s AN LOALAKAN WUAT 113
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wislaiuRAalan
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(Air pollution training Institute, 2016)
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AMUTENBY 5 USHIUUAZIHAYBINHATEBITINLTITLALAIINEIRNY ] 2D

13381076 (N Lﬁuﬁ%muﬂmwmﬂ/cmz’) (Iobal, 1983)
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AnURYBILEN (Optical of light)

MNIANNLEFIHINAYEIUGINDUARTTTEA 17 N1aRnEnEasuasiinmde
fuan uaiiueynafignasesnunanauffiauasdsasnsanimegingludla
uazazvenaInAarasingiuuasla Woanniamanimnganasyinmanng
L MRRpla0! (Newton)Tmﬂu@wqwgwmﬂmmm (Particle Theory) Fagmnn
PBUNEUINGNITIRNBULAE NI NIMYBIUG BBELNUA (Christion Huygen) Taiaue
yqufiieafuafuuas Wave Theory) natatuasuinusimdn iniuaziimaety
dnwnizrasnan Souansiifiun ngnisasnetaznIsinmananes sl lnaly
yquiAfuLEs NoTa 69 (Thomas Young) TAAMWLILIAINGNNIDINTEUNINFATEILE
WaSIsa (Augustin Fresnel) Tpvinnnanmasaifisnduniswsnasauasnisideoiy
YPIUFI A1H1TANDITH TR IHE1IRAY 400-700 um uazfiadndies Tmas
103-105 Hz uavdsaANENanduInsiiqn wioraxdniniigaaulUdeanadvaes
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a
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1 1 ﬁ Vv 1 1 d
AMNUTENDU 6 LRASARULNIAAN INWIANTAATHBILT

Fian (https://ngthai.com/science/31390/light-and-

properties/)

s (light) Ao 1A MR mAN I gUuLLna AR R en e
iinaRnaAe iU N lATNLaZSIReNT ARWaIRANEIIARRLAZE AT

NHBEAAITUARINITNTUINANUARANHENIARNTEWING 400-700 pum WAL
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v A

wWagnaiiunam (Neonics, 2020) uasiaosantiAfidndey 4 aalaun nsiwmnai
Lgﬂm50(RecﬂHneorpﬁopogoUon)ﬂﬂifﬁnw(Reﬁocﬂon)ﬂﬂﬁﬂzﬁ%n&(Reﬂecﬂon)uﬂz
n19nszane (Dispersion) NMstAWneuasiwauassusananfifiafeinasnm
(refractive index : n) BBILFAINATU uasaziiuadaunsslagai n amnsanils
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1
=
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AB NIINLVNBULULUNG (Reqgular reflection) LAY ULNBDLANATNFTENUNUIAYVIHND

q

= o/ o/
BYUNRIIPNAINLSENBY 7

Jaaannszny .
L = o FINAZNOU
7

Z

AMNUTENBY 7 N19RENBRLULUNSE (Regular reflection)

v E4 1

ATINENBUULUNTZANY (Diffuse reflection) avifinuiausinnnsznuing

dlda o
NHRNUTTNNINLTLNBY 8

q



x ~
VERETEREE

AMNUSENBU 8 NFRENBURLLNTEIH

Tnannssznawasuas oeadnuuulnfasezeeadullaungnis

AYNBUVBIUANTION “HHANBWNAUNANNTZIL” Fouamsngunmlszney 9

Reflected ray

Incident ray

AMUszney 9 NHNITENEN DRI LLNGHHNﬁW@MLVI’]fSﬁJHN(ﬂﬂﬂ‘iﬁ/ﬁ_l

NISHNATBIUEY (Refraction) NNFRALANITANMLBILAITLRATRLNDUA
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Twanlsizduraauss (Polarization of light)

| 1
o

mandeuiiuman ndinnmesaun i (£) dusyhufiemnadien fe
vasainilidanonduialna lasiunsnan nedifiaandamnaiiideg b
wanefiensaziiuaawuuyululnanlss (Unpolarized Wave) Tnanlasisiiaasuad
wangila fe TwanlamBaan (Linear Polarization) waaTwanla (Plane Polarization)

AN AN R LA AR gt uaaanaan sl iHnIwlsznay 10

E E

(n) ()

AU5EnaU 10 suns W mesuas (n) aune iwnesuasnlwan s
(@) En N wasuasTwan 5o
7l @nz v, 2560)
1. Inalsirtulasnisgandu
FosannuasliinannanlssfinisunasBensauesann mnisey
fiFmneuuuguuAT I uenesrUsznaulndiaesunumdngeisanndudaln
WHARNTWHEN (UN% X) WAZLAWAT (WK y) 15 fariansr i Inan s miaeamangn
vilnuaslwanlss dngfiamnanganfarn innhusafidmnnduunuassnm
(transmission axis) #94RgE8na1 Tnansasn (Polaroid) Yinlyinlnuasnueanan v
Twanlss sanmilsznay 1 @lesumlnatsess P, BeRunuasnuluumafion
waaAnesuaalInalag Usingan unnansesnsasinann Winaesaa
AT AR U U NUE NI NN T AN A3 Be e (TR Benum
Twansasn P, alwanlaeses (polarizer) wazlsunulnansoan P, Wuiaansnzn
(analyzer) 21 TR IUARINaNTDEs P, Winusdlnan laaaaln Taasinumlnan (g

1 1 [ 1 1 '

¥ o/ (% i ¥
P, NqﬂQWGVIWQLﬂuLLNQTﬂﬂT‘MLLﬂ‘HN\ﬁN’]‘HGNQ']ﬂﬂULLﬂuﬂﬂN’]u“ﬂl@\ﬁLLNHIW‘N’W@EI@I P01
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Id ~ 1 ' Vv 1 dI ~ 1 1
TNNLLN\?L@HVI’NN’]HIW@’W@EI@I P, @@ﬂN"ITC"ILZ\]EI LANPNIN LLN@VIL@HVHQN’W%LLNHTW@"I

sp8m P, inuasinansofifdaansennaaiiu i, wazaus Wi

Unpolarized
light

Transmission Polarized
axis light

Ed o S Y ! <
AMnUsznau 1 TWmﬁmwﬂmmmmaumgLquTwmmm

fun (@22 YiFun, 2560)

anukslnansasn P, (Faawnsien) Tneiunuassmyinags 0 fuuu
2B9IEWIH NN By FiRuaaninennuruInansoas Py uaramis nn7ifiumnenm
wiInansean P, anns1esdaniiu E0 cosB uazifiasarnmnsmnanuasuilsri
ATIALUENNGALNTNANED A BRI N B LT RS AR NZ B NHAD

| =EZcos’ Quaz | = B} AsINAMNNLmKIHAaATIziennttaatiullais

ANNT
2 2
| =E, cos” @ (2.2)
13819IN7 29N (Malus Law)
a = ¥ A o~ a 4 ! T I3
e |y AD ANINGIEAIBILENTIANNTENUAALATIEY (WHKINANTDYA
P2)

E, Ap ynssvnnaunuasnuussuwsinasesn Py uas Py
v d| A 1 o A 4 1 s - 1
ANHLIHNLBIUATLAWHUFTIATI (UnHIna198sn Py arfinngegn
WHBUUIBIUNHAINININN O W38 77 uazAnuanuaaln gus e 0= /2 %3

3712 9N DMEUAIALATIZVLAT AINHIINLENTIKIUEBNNIITABIHANBYTININ

0 fiu |, usasduuslnanlss unaranuNeaLaTinIuaanun NUAEULL A
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unestilsas i nan Eavaedunasinan ouieans Seaiunsonlesiduaesnig
Twanlsa P lnlpenisvsiadiasnsimanunusegegn |, wazsnge |, uan

U A A aNNS

P :Mxloo% (2.3)
+ 1

max min

21 P =100% Wa% UEANIUEIAnnssnuiuuasina s

a1 P =0 waduan9nn iwaslunanlss

210 < P <100% WAAUESAANNTENLFIRAT1zsiuuas Twan (5o
LTI

2. Tnanlsurtilnenisasnen

Housa i nanlss ANNseNUAIUNRIIDIRANATY 199 Ran R9unT LAy
Lasiazaueanrrasdanaeteeiuasinan (savideuss i inanlsaf (ndaas
f‘fu@éﬁu&gmﬂﬂﬁzwuﬁgﬁ ﬁyﬁLmeﬂﬂizwuﬁmu 0" v38 90° FAuRtuDIFANAIUA
asazanennEaziiuua il inanlss uazannisaasInLan :ﬁaﬂmmi:murfﬁ

I LL’NQNZ‘W@HLﬁHT‘W @’]\fi"ﬁf

Incident I Reflected . |
Incident
bez ' . be: & :
heam >°;,1 : r{ Yeam beamn : Biofiscsd
| \.” 0,, L op +7 beam
I # — %
I |
| n 1A n
ng N/ 90° n
1
1 02
Y 4
| ooV »
3 | \
Refracted Refracted
beam beam
(n) ()

amwiszney 12 Inanlsmainlnenisaznan
(MayEannIzny @ Ta 7 (7) Fiyuanszyiumiiu

s Inalss (B vimn, 2560)

1 e ! v v
AMNUSZNEU 12 LaRsLas N Iwan (sa7lasnaune ey MW aasuMafe

WHASIRNN (97) UAZUHITHNL (gNes) fiusznuasuaensgnulngsun wiosss
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LLH’]uuﬁLLENW@’jﬂLW"IﬂH LflﬂLLNQTNT‘WNW\E‘ieﬁWﬂﬂﬁZWUﬂUN'J?.IEIQWJﬂN’N@"JT:I?;INGIﬂ

naznu B Amils g AININUTENBY 12 (N) WAITITENUIVISIRFENBULALTIRIN

1 1
= A

LﬁuLLmTw@qfﬁ%uqq@%quLL@:iiyﬁﬂ%uaﬂNﬂ‘jzwufﬁwm:ﬁ"\iﬁwumﬂﬂ‘j:wuﬂ'muwv‘h
WS sRaenaniuSsdnnmsmngeiuuasiunauasiiaanaziulnan lsonis
AN NI N LI LN AR WL T LA AN NN AIGANR 196
aazney 12 (1) uazisnauannaznuivinbidauasinantagaananation s
Twanlse (Polarizing Angle ; © p ) 3 HNU‘%’J’NLW@‘E (Brewster’s Angle) %ﬂ@’m

AMNUTENBY 7.3 UWaT 9INNHIDIRNG 90

nsing, =n,siné, uaz 6, +90°" +6, =180° (2.4)
azln
6, =90"+6, (2.5)
UYIUATENATS
nsing, =n,sin(90" -4, ) (2.6)
n,sing, =n,cosd, (2.7)
Faiuazlo
:—i G (S:IOZZZ =tané, (2.8)

a1 N, Ap pssrdinuinasuasiuennie uaz N, Aensseiiinmeessionansia 7 uaa
9z(n
n,=tand, (2.9)

3. Inalsirsulnanisvinmansuun

1
=%

waaiwne e i ugianansfiidugag (amorphous : Sngiinzaas

q

= v o ' ! ¥ & A P ' a
L’i?;lﬂﬁl’lﬂuLLUUZ\jN b2 L) ﬂ’]’?&lL‘i’]sﬁuﬂ’l‘im@ﬂuw%@@LLNG’VZLVI’]ﬂuTuVJﬂVIﬂVI’N

¥ dld A o/ ! a ' 3 a o/ dl =
bNTIE LNAVTHATIEUANLAATILALI TN LLG]’E‘I’]LLZNLWHWWGNWHWQﬂ@’NWLﬁHNNﬂ

(crystalline : danfinzany Bosamiantiu a1iiuw lnfviusalon uazatess)

[ =Y

ﬁ 1 A 1 1 1 o E4 1 1 1
AITHLITUEN LLNGTHLLW@ZWﬁWWQ@%ﬁﬂ"ITN L‘V]’]ﬂuiﬂilgllgu'ﬂ%ﬂ‘i_mﬂﬂ"l\‘iﬂ"l‘iLLNﬂﬂﬂ ARULAY

1 V1
=

senuInan s Feasuss Ingezidan Usngnrsitdaninsseiiinmansantiann

q

NNIRNIAFBILUT (double refracting %8 birefringent)
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Souaellnanlsginaeniiun U undnuaalen wasluinarlssazusn

panin3s35991mA9E859R O (Ordinary Ray) WavSIRALALEaS9R E (Extraordinary

[
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A
9N

o L4

Ray) Fauaas A nLUIznay 13 warsidreusaaaaunaaziluuasinanlses

NN URZAARDUTAAIATTHIE ATV LANATTI

T Twarlsd
cifrRale fllE
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Ainn (@ virun, 2560)
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2. NMINTEARILAILULH (Mie Scattering Theory)
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Normalized Relative Backscatter (NRB)
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NN YIHNITFZNAUNALVDS Lidar 928 I190AMI04 NRB [A9INaNNIS
flapa (Uil (Zhang, 2020)

NRB = (o) DtC[n(;)(]r;E(r)ap ) (2.13)

de n(r)  #® MPL Raw Counts

Dtc[n(r)] Aa Detector Dead-Time Correction

n(r)., Aa After pulse Correction
n, #m Background Correction
r? A® Range Squared

o(r) #im Overlap Correction

E AD Energy

wananieademn
NRB = CB(r)T(r)’ (2.14)
e C  A® Cdlibration
B(r)  #a Backscatter Coefficient
T(r)2 Am Atmospheric Round Trip Transmittance
WAy
T(r)* =exp [—Zja(r)dr] (2.15)
e
o(r) #a Extinction Coefficient
NRB inseysyos Lidar wLy “nezanendu” (Bendnesneninianszant
AFULULAATION) LAAMHTILERY AELANANAINANENUSZANE NNTaeV NN ALY8

Tan1s

dnlszavnmaganduludiussenialninailes (Atmospheric extinction)
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1 air mass

amisznay 19 nsganauluiuussennialninaies (Atmospheric extinction)
7ix(https://skyandtelescope.org/astronomy-resources/transparency -

and-atmospheric-extinction)
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\PA87e AERONET W&z MODIS Gfuﬂmzﬁﬂymj@%mmmmé’ﬂmﬂg{mﬁmﬂ
ATENTWNAITITUFY WU @fmLLmTﬁNm‘sm‘fiiﬂmﬁ'uf'ﬁyuﬂm@%muéﬂqﬁﬁﬂmmm
S 9 459957 HAHEBRARIRHAULNG THNNNTUABULLRIAINANIBILEY
1a9nHazeed iavanlaamaensnigudiniinanfadnatazdfuoasanus dnifa
mMsfadenisszuumiafiumieta %@ﬁﬂum@@uﬁuéf@LmiTumaLﬁmTimmmm
ANLAEL

Aerosol Robotic Network, AERONET; Micro-Pulse Lidar Network, MPLNET
LL@:“ZlyﬂajﬂmeLﬁﬂN(/\/\ODIS, and Cloud-Aerosol Lidar and Infrared Pathfinder Satellite
Observation, CALIPSO) gnlsiu 13 nManaaaauA1 AOD sanniatideusnins
pSaunfiRnneuszmang (102.56°F, 15.18°N) Tazanensikn bsdanaaly
widunzuoanidein: nelalagents (BASE-ASIA) (NHANTHE - WesAIAN, 2549)
W91 AERONET AOD uae MODIS AOD (n3uavianasnninaizasaun unng
HUNPNTOFANTLAERONET Wwaz MPLNET WLAT NM9M319AANTaa - B tasaU99s
¥inli AN AOD Az Asuulas 5% uay AERONET AOD 20% AERONET
AOD flanifindunsanduauaaseynafi ey dndmsunsdii il oo aunsemn
Tudsnsvdouesimaisnsauns n5AA91EAHANRUEID3 MPLNET flag cirrus
uanslingn RR1.38/0.66 ATwANUasamsIN19RTa9fanIaIntstuioueesns
EDSAUAMSUNNTTA AERONET AOD wan1saseiuansmindonanssingsds
LﬁuﬁngLmzmﬁﬂi:LﬁuﬂqﬁﬂuLﬁﬂuﬂ@aLmLeﬁ@%’ﬂmﬁugﬂgammﬁw LL@::"ET@IHZQ
AuRnwes AOD ﬁ@uﬁ%ﬁﬂm{fﬁumﬁﬁﬂmﬂmwmmﬂﬁLﬁ'm%ﬂqﬁwjmmm

(Jingfeng et al., 2011)
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Ananthavel et al. (2021) AODs Tannann Mie lidar Tm"f%ﬁ%m‘mm Fernald
Turnaiufl 17-20 uALS WA, 2548 Tidnafinng FsmdmiaTsnraan wuan K
azonsfiansuangeUinauiinalfesiusaningmedn Sanainniamnbindanas
Tuiilas flan AOD @gffu{ifm 0.6-0.7 Lﬁﬂ@gmmmﬂumﬂmLlfuwm‘uLL@%LLUU
azduafinnssnenmandauiianiaiy AOD fansngauargegamaiiu 0.2187
waz 0.4291 MINAIAL (Ruangrungrote, Limsuwan, & Intasorn, 2013)

AVARE §unae (2553) nnaaalinaduAeAENITAATIETLAAIHE
W’]‘a"]ﬁjL@ﬂ%ﬂ@ﬁ@ﬁﬂﬂﬁ@@ﬂ@’mgﬂy’@Lﬂ%ﬂﬁf@@’l‘;ﬂﬁ‘iﬂ‘izﬁdLLUUﬁ AaNAUIT APRA
(Aerosol Parameter Retrieval Algorithm) gmﬁﬁu“ﬁ?ﬂmﬂfﬂiuﬂw MATLAB R2008 Ipa
7 APRA Rannsiiislllalunnsamwmning auwaferassuussennialns il
Trun Andeyey1uunBeids (range corrected signals) mE@ITaIWA AT l91H%
(depolarization ratios) AANLSZARNENINITANA LB INazBeIane (cerosol
volume backscattering coefficients) éﬂﬁuﬂizﬁw’émiﬂmmmﬁmmﬂmﬂfm (aerosol
volume extinction coefficients) Tﬁ@'}ﬂﬂ'ﬁﬁmqmﬁm{ﬂgmmLm‘%ﬂﬁ@m%mﬁm:m
WULS A1NNTENLINANTTIATIEIT e nganLas RN Az B e AaBARABITUNS (1
snnaanimsielnalalisunas excel Walsvayagnireadu Tnei APRA Ty
nantunsUsTanana weaies 3 Wit ae 1 a

Ananthavel et al. (2021) m'iﬁmslqmiﬂi:mﬂﬁqeﬁmtmﬁwmpjm:@m
aInATien CALIOP 526U 1 (level 1) uaz 55U 2 (level2) FanfiUnIs&NA
mmﬁuﬁumﬂﬁfﬁﬂﬂﬂﬁmﬁﬂﬁLmﬂ@hqﬁummmwmmmm:q@ﬂm FERIaFien
AN WAL 2559 RBuEuINAN WA, 2561 fiannil Wes Kattanku lathur $9949% 33
Tustatummasuanla uazfiwasnn finsdunpannadioyhuaasggmuanay
aguansagnazuandesla (SW) uazqausguaziuaonidaamile (NE) suddy
Tuanaznosinuanls AruaHLLTUBIRREYBITZIU 1 Wuéqﬂgﬁ ~14+29%
(18+19%) sinan 3.0 km Tuanisfiogsinngn -39+26% (33+24%) 3.0 km (#1197
3-8 km) lpisiensaiisauieufiognaelame MT mnsiulilndedaln aendlsd
AN arFanadiunIaBsuifieufinnantunsdlsms MT wunune naiasuulas
muq@m@ﬁﬁq wnsslunisnszaneuuassesazeasassinaiuialnedalnan

IR (FGA) ~0.01£0.005 km- Tsr- 1 (~0.004 + 0.002 km- Tsr- 1) az&uinmla
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Tm}wch 11477 (SW monsoon) aafiaezeslUsiasyasaesszsiu 2 fsziuaas
&9 0.3-5 km WUMTAWNTY 14£28%, 15244%, ~14+25% Uag 24 +34% Tuzasgg
AW FNNBUNTEN aNsaTENRzIuanideadn uarnauTgEnyTiaanidsanile
Marmouri et al. (2009) ﬁﬂLﬂu@w@mimwmummgﬂﬁiyﬂwmmﬂmmﬂ
\p9an89 CALIOP fifinanaanis — udmadias CALIPSO - sz6iu 1 TuslWann
fnUszAanEnianszanansuiianewas Tnelsnssonslnetadyfidnfisniety
Lidar uumﬂﬁuﬁusfmmﬁuﬁ Usemenae (37.9°N, 23.6°E) ‘a‘zum‘j:mmmmzﬁ@u
LA/ IHRANTULUN AL AN 1A ARENTTA A WRuAT 2000 7
NRTANENASARALNTRELENE (NTUA) Tunsauaes European Aerosol Research
Lidar NETwork (EARLINET) uiffuuadenteansiedaausnsdinsunisineazesd

3 < a/ 3 ! o/
ana ity Inalesus o sesuyay FILAFIAUNTNGIAN W.A. 2549 HN19MT999M

14 v 1

Ansuniusnsazeasans lnsilaBoianun 40 ﬂ%y’m,wﬁ@ﬂ?\uﬂl,ﬁm?ﬁ:mw
CALIPSO maf"zfmmmﬁuﬁuﬁmﬁuminﬂm%ﬁ CALIPSO 2nginumeaaniinie T
FTHENNGIGA 100 N3, LN YBINITIAATRANS AR AN BTN e eEa T
Tmﬁ@uénmqmmﬁw AINNNTAATIENNITIARNRANS WL ARTHAWE A AT
ATlen ANAALANNIBIBEEIEIALT 22% FmSUN19RTIaTATHIAINaTT
WAy 8% AMSUNTRIITAIaINa AN IS INaTee CALIPSO wulntusssi
quﬁmq‘w 3 89 10 km AHEwAsuRATas R A ZuNng S usTsL
quqﬁ@‘?mfﬁﬁ 3 km (3N&FUT 60%) %ﬂﬁﬂ’]m@wﬁ@ﬁﬂﬂﬁﬂﬁﬂﬁuﬂﬂdWJ’HHT@:I
arane e B9AzevRBEN e I B LI AYBIANIIATIEA RINAARNTS
FUNANIRBINATBNALANANT AN AT AS Tuﬂiiﬁﬂﬂﬂ%u@tﬂﬂd@ﬂﬂﬁﬂ@:
melawmimesa nanswSauifieudmsulusansinaiesresazossanaazus
a9 ﬁLﬁuN@@’mLfﬂwLWﬂﬁmﬁﬂﬁx@wmmm%Lm Cirrus 7 CALIPSO @eaanabiifin
nNsAAVENEINBENITTTA LAY Lidar Uil

Pilchome (2020) TRAlAs1zitayadausngafiasAnsuiafnuinis
Lﬂ?ﬁlﬁmmmqﬁmmﬂ% 4 aoiWiadazmalng Taun HATUTN @eia AURT1EEH
URZANIURT m‘aﬁﬂmﬁ%f%ﬂymjﬂmﬂmqﬁﬂu Aqua (MoDIS) TaaTaannisnisannss
Ba1a Mann-Kendall trend Wazn1anasats Sen’s slope wuan suiangshudon

nangandenanan naaianuiuanan Usunsshnais@nliungfinin e
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o v 1 P A 1
Ananannsguazduaniialadadumanisanfulsamanalumoasien

Rgwientioiugnauesne(sfinnn wsguifue lunfiezEuEadnuazanauunaiiaig

¥ ]
o o o/

T2 (wquaAnTenaan) AGUNYRRAY (T e WUNESTHD WA Aty Saun
q q Q a

2 ~ = a & "E ~ ~ £ ' A e o @

wandunanfenguAIaNLasiiaaulwnanl Maiieneseil dedAtygegnaed

T eon WUTHANAWITlE Foun1TlAe Rl asUB N asinnuse T liuugluunag

o A

wasnulaspanefdndnfisziusiedidny 1% uaz 5% wynannd uenannfidonuan

2
=

A1 AOD Sualusiisdulufauynaant uazAOD WistuesnsfiiadAygogain
FINIAFUAINYEH

237 fanlew (2562) ﬁﬂ‘l&l’]"gmj@ AOD nefUALT (AN AERONET uaz
SKYNET fuzaga AOD 7ilna1n apyaniaifies TERRA/AQUA-MODIS Tagnsinsn
WRsuifiey ieAnEINMsUABuILAsEY AOD LazARNANRLERLAANLITN
agfssAnen TaaAnuviomun 6 soniludszmatne dound e 2006-2017 Toun
Felis wATLEN NN 1ATIIFRNT QUATIEET WAL FITAT 9INNFANEA WL
HnsrAniandnivsfinngegaagyfiquasireiiiian R? =0.76 slope=0.94 uaz
RMB=1.86 uazideiuilan R?=0.78 slope=0.60 waz RMB=0.62 AIN&1FL 91NN15
ARTEINIEANEEENEUNLAT AOD Sualuifintuynaanifinngs madau

o <
ANNTNUBTNLABUNEHAAN
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unit 3
AFBAEluN1599e

SATEIERIN IR RLILLUSaBIHY PM2.5 a1ntayaaaifies iy ety
Aufinawiloanstszmalng Wusuuunisidalnanisnaass (Experimental
Research) GovinnadnunAadetudnndmingaslny druaneuung srineussy
Fidadualin uaznmawile 9 dminussszmalneidelafniuniside

same i
widasflafitaiunisdes

YDYAFIMFUNTATENIIA RIS RN PM2.5 91ntayaanaiiies
CALIPSO Tuﬁuﬁmﬂmﬁmmﬂizmﬂfmeﬁum%’qﬁ;ﬁé’mqmqmymdmgl 2 unAs Ae
?j/@ajN@WQLﬁEIN LL@Z‘ﬂyﬂH@ﬂﬂﬂﬁyuﬁu (ground based)

oxamiey

aaflanmanls CALPSO wiwanadlendifnse lanandusmes vie
Cloud-Aerosol Lidar with Orthogonal Polarization (CALIOP) AM98aNWULUABY Lidar
wamsTaumieunnazne 22 waes Nd:YAG fiduaaslnlanayasowaauas
TwanTatiBauanil 1,064 pm uag 532 pm wanauuwiluiusssInrgnaaussing
NABININIIAEHR 1 M BIUBMARBISUANHTBI Y AT NI BINTS
ALVEUNAUT 1,064 pm wazaasdszneuinatlsesuuuusimnasd®ui 532 pum
(ﬂmw,mzéigqmﬂﬁ”m:mﬂwmfﬁLsﬁ%’uﬂmﬁqLmﬁz&a)m'ﬂﬁummw{mj@mfaLﬁﬁu
pasnaifiusIusantnyallsilaniaanaieslagnaaailnantaya
CAL_LID_L2_05kmAPro-Standard-V4-21 anm3uTsaEARTHDATA Atmosphere i
AsaLls Column_Optical_Depth_Tropospheric_Aerosols_532 Busauadiedl 1 unsnas
2560 - Sufi 31 $uanAN 2565

AN MODIS (MODerate resolution Imaging Spectroradiometer) uln
L%meﬁﬂ%ﬁ@méiy’mguummﬁm Aqua QﬂﬂﬂﬂLL‘]J‘]J%HL‘WII’BT%THWVJ(?]61(5]’13423’1‘3%7

VENENNTTITHNER LA9STSTAUANES 705 Km uazasnsaiufinusyansaungs
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fufvialan Tneaziifingoya 13.50 w. pmamesiin mafnuAdunsariasly
VDYAFILUTANTHENNAR IR NULLSIAEY 1U52nauAas AOD RH TEMP HPBL
NDVI WS Baisiaunduil 1 unanmn 2560 - it 31 suanan 2565 Taanaiden
Tusunsuemadulanaslilsunss DL

ﬂvﬂadamﬂﬁuﬁu (ground based)

wansdulnlafimes (sun photormneter) iwpdasiiadi e lunnsinanasy
$sfnssraennsefing reyaidalninannsninndinssimanianwAang G
AHNTaRIIAANIUATEYNE AERONET B4lnnnsidunsoiidelnfnundaulann
AnANBauas (A0D) Tnelnvayadount 2560 - 2565 dmdmnideastnn dmsunis
WEsuifenrayanadnBeuasiilnanaeyaaiaiiien CALIPSO

AED4A999 T AUE AL AN TULLURBLEEY 91AULTUA Comde Derenda
Uszmnenegnanid sannsngaedauasuansnlsuiom uaila PM2.5 uaz PMIO
FoNIIHNT0R9999AN1E NO2, 03, CO Uae S02 [ndnaqs uananidianien
tufinrayaleludains g nnzdniuaunsaedan uuazn 1 wuuun el 09
v aradnnoinmanniatuiadaaslsmgaamngan usre: nafislune

a1 1UAN BUFIUATUR 1 14n91AN 2560 — FuTt 31 SuanAN 2565
& v
ﬂ"lilﬂUi’]Ui’)ﬂﬂﬂa;lﬂ

MIRAMILLUSAEIHU PM2.5 91nteyaanaifiunatdyletumu
namlazalsumaing niafnuisausmeayauennidn 5 duneu Ae nnafnud
uazllazraaenaIaTifientay AeuHunIafULeNa LUTBYANMTNAREY NNTLAREN
YDYA NIHINULLIIRBI AT

1 Mafinsuazilszaaenasfifiennes

Anunreyafiugiumdnniineuasegaslanns Anundanesfiuily
TunsAIBIANAINANIBILES (Gerosol optical depth, AOD) Lﬁmﬂuﬁmmuﬂméﬂu
apa9 AnATiun CALIPSO  Anbqniandnnisil3suiieumannmaniiug (R?)

2 'quwumitﬁuﬁlmsa

@eonlusunsw DL ﬁaf%bfuﬂ’]‘jﬂ’]flﬁiiﬁ@ijﬂﬁjﬂTﬂ‘jTWéﬁ!%@ﬁﬂﬂ’]%ﬁﬁ&l

v
L=

CALIPSOdanfinfidmsuvinnisinedde tunnsideiiyade lndaniinisideuiug
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v 1
= =

anamitaraslsunaing Usznausasdmindasn idendoyaRinininiside
Amupdlfiuazioandmiuntadiiunig L@%imﬂﬁ‘i@]'mLLNHﬂ’]‘iLﬁU?T@N“@ WA
m‘m@mu{mjmmwmmﬂ

3 (fiurayantannaes

mqﬁimmgmjmmqLﬁf-m@Tfmm‘sLﬁmqmqmﬂ/ﬂaﬂﬂﬁﬁwg&jumﬁ
pdtenlpeanamaiinanaeya CAL_LID_L2_05kmAPro-Standard-V4-21 470
BT EARTHDATA Atmosphere Wiafsmsiauls Column_Optical_Depth_
Tropospheric_Aerosols_532 BuSauaTd 1 9n31AN 2560 - Tt 31 FuanAN 2565

mqﬁmmﬂ”mjaﬁqLLﬂiﬂmwmmﬂﬁw%’Uﬂ‘;ﬁq WUUIIRDY
UsznauA9Y AOD RH TEMP HPBL NDVI WS (3Hssuadufl 1 1nsnas 2560 - Fufi 31
S 2565 Taannaideulusunaseiuanauianaslisunas DL

ApasAnEILas (AOD) Tnslanyaduntl 2560 - 2565 damdnidaslng
dmiunianBeuisureyaninndnBaussiilasnieyanioies CALIPSO

ﬂq']ﬁIﬁf\lﬂﬁﬁ'}@éjﬂ@iHﬂqWﬂqﬂ’]ﬂTuﬁ']LﬁﬂﬁLL?‘]%T‘S\N'IH@QG]N"]WT‘I‘?‘SN ‘Lllﬂ?.lf:lx HANY
Tunasonn e Eusoundidt 1 unaian 2560 - Fufl 31 Suanan 2565

4 MsRuNayA

IUATYEDINTNHUIMLLIIRDINN PM2.5 mmm@mmﬁmm@ﬂ%

YV v v
o A Ao

Tuisiinandisvessayaine Tuﬂiﬂu@fmﬁvf@;’ﬁﬁﬂﬁ‘jLﬁU‘ijUﬁQN{ﬂH@ﬂ’m‘ﬁuau
Lﬁ@LU%EIULﬁEIUﬁU{ﬂH@G‘I’W’]LﬁEIN ﬁﬂﬁ%’ﬂﬂﬂﬁﬁﬂwﬁTﬂiTwﬁpjm:@@ﬁuuuqﬁ'q afl
MasBaneyaAane (Ui

4.1 i nanaaRan PM2.5 anafuAnALAdmindes i
Fndsayauuused s1a9

4.2 n193sulysunas IDL CAL_LID_L2_05kmAPro-Standard-V4-21
aMAUTHAEARTHDATA Atmosphere Lﬁﬂﬁdﬁﬁﬁfum‘i Column_Optical_Depth_
Tropospheric_Aerosols_532

4.3 mqﬁmmﬂmﬁ 5@33@@1’%Lmﬁﬂmwmmmﬁm%ﬂ;ﬁa
WUUS889 Ysznaumag AOD RH TEMP HPBL NDVI WS Bxaauafuil 1 unsnas
2560 - $dt 31 $wanan 2565 TnanisBeulUsunsueuansoulsaanlsunss DL

4.4 9aFg9rayauuuneaINsel sedu
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5 NMINTNRULIIRE
5.1 n9deullsungnuuusans aaellaungs R studio

5.2 USEHNDIAN AN PM2.5

03 oV
NFUATICNIBYN

v
[

AT AR ey Adandnan dne i
MaiEsuiuaya AOD 5511919 AERONET fiu CALISO Waz MODIS
fiu CALPSO
MILBUTUTaYAANHIINTM PM2.5 nnafifis i PM2.5 7iln
INULLFIREY MTURBUTELAMAENTHY PM2.5 nnaitlasuutlastayassifen

BIAMNINIUW PM2.5 N5 Aeniiasrayasnedunsnntianemun PM2.5

aanftaTunaAiezineya

1
aad

¢ Y o Y ¥ v I
DR T%TumiqLmﬁ:m@aasfummwm@ﬁ Taun
o ' o/ Q‘ o/ o/ 4 4 o/ : v o/ o/ o
ANTANIIMNANANLTE A S anFuUsaaReTad Balamanuduiug
! ¥ o/ ! d (%3 £ %3 o ¢ < o
FENTNYBYABIUTNIN VAL UsuLUADIHBIANUTE AN anduius N g ST
v o o & 1 A v P3 ¢
wuANedyanEel GeRnaulngA1sa We9a (Karl Pearson)
1 (y 1 dl £% o T o " A 1 dl o
A1 P-valve An Arnssnezidniieslanadansimniuvseifiunaidonn

a v A

Tannalnanyfignman faaudAnpansdeluniamn Regression iwgnzsliutinga

1
LeLaNIT faudaiu ¢ SanuddyaesruuANEuRsEa AN TEe
#9m1 P-value xNN31 0.05 LaLandanLsiiuena9simnsfyaessuuaunis
BUIIHITNABIFABDBNUAININTG Regression sl iilamannaiimsnzanss Ula
ANAVANIUE (Correlation) W WAGRT lgWAaH FNRUE Tz R IS
%1 ANATTNTHA NS TTWINARARATIARAAITAS ﬁ’umﬁ’quﬁ(wwmﬂ%m
PIAHA N T Tz 9r Ty uarrinaelatunnavine s ulssang nnlunnavinam
uan BIRENANR NS 7 Fuandle B8na7 AMENUTZANE ANFHRUE ( Correlation
coefficient ) FINARFINTUNITAIUIINIANTNUTE AN S AN TN NS Hane5iln
Fonnadentruuulmintvesiudonlavanenaznng
avdniug iiuanfiuandepnudiiisssnineinulsunseyangs

1 1 ¥

Wi 19U UGN UHNMINY 89N EEY AXUUHANEIANERSINUAZUUUATIAATERS
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FrAauATUaNgn1T s Wuan AndarAnaanduiisfiaegssiang -1.00
9 +1.00 ArdnazAansanduiusinulnlnevia o Tofidsd

0.80 — 0.99 il HAnuHUEgMIILIN

0.60 - 0.79 y8dy HAHANIEABUINIGY

0.40 — 0.59 NHALEY HANAHAUTUINNR

0.20 — 0.39 MHNEEY HANNANTUE AN

0.00 — 0.19 MHNBEY HANNANTWEAWED (NF AN ANTE

ARSI AN AN AN RSN N AL AT A NN R B9 Tn13Fans
WNANAHUTE VB AR NS NN eAE I arnan s ifenia dusyans
o o g

NNFNNRTULUUNESH (Pearson Product Moment Correlation Coefficient) 353

v ol v ¥

Tflenoyari 2 19 aylusziy vesresAull grstunissonlnelonsumay
A o ziy
HeneHl

- NY XY-> XY
JIND X X HNY Y23 Y)*

| I
=

o/ £ o o
T@lﬁﬁ r D AN IRV B ANANNNG

ZXY Ap wmammw@@wjzwﬁw XU Y

Y X Ao waganvestnya X

DY Ao waganvesuoya Y

ZXZ Ao wmqmmi’m‘j@ X UARZFENNAIaD

ZY2 fia NATINTIBINEYA Y usAZEnriNAIaes
m‘sﬁm'ﬁflzﬁmﬁammwmm (Multiple linear regression)ﬂ'l‘ﬁLﬁ’ﬁﬂ:ﬁﬂ’l‘iﬂﬂﬂﬂﬂLﬂu
AR NN NEDRT AN B AN ANUETEMIN95aUL845% (Independent Variable) iU
faulsmnn (Dependent Variable) aziunns@nE1AMKANIAEBIENATS (Linearity)
QANEIANNANIE IS FaulsBaiedaiufaulsmNniesa Banan nns
AT AN DY ARBILRIEDNTIAT T AN EIBIAHELN9 (Simple Linear
Regression Analysis) 0faulsBassfiunnnamiisianusoulssamiieda Benan nns

Ls v
AWATIANTOADDLBUFUNIIA (Multiple Linear Regression)
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AINAHNNTUFAIAITNANTUET299F UL TR (V) uazsiaulsBasy (X)
1p9UszENTaningn ﬂfojué‘fqumﬁm: (0B, X, B, X, +.. B, X, ) ar90asuny
Az asANresdauLsa N ingaunis Tusuesnsaeuul e 815
asunelaf Bunan AANARIARABNIHNITNEINTl NMTALASIEIBIannas
Lmuwv;@m%Lﬁum‘jwmmtﬁméﬁﬁ’wﬁ:ﬁw% o uaz B, 9NANEAR o waz b il
snnarandasnaudangts Taemdnnisiinezn Ae aduiszansiiduanda
AP BTN T AE AN IMENN1TFINATT HANAMHATALAREHSNAIFBITINAY
ﬁﬂﬂﬁqm (Ordinary Least Square : OLS)

ANNNTOANDUBINYADIBILTZEINT
Y=0HB, X, B, X+ B, X, Fe (3.2)
NNﬂWiﬂﬂﬂﬂﬁL%\?Wﬁ@m?lﬂﬂﬂZéNﬁQﬂillN
Y=a+b,X,+b, X, +...+b, X, (3.3)
Tned X Ao saulsdass
Y Am dqudsnns
k Ap 9 mausauLsBasy
fa o uazd WugadaunuY assannisonnes vie Aves Y iftelnea
LLUﬁfr’imzﬁy’mmﬁéﬁMﬁu@ué
ﬁme waz biludnlszavsonnes (Partial regression coefficient) BN
LsBaTuRazia BoiNneds SnsinisiAsuulasessiauls aw (Y) Wesauls
Aaszsiannll 1 viune Tnaghulsdasssauiinnai
Tnefimnants=as a uaz b mm‘mﬁﬁmmﬁmﬂqmﬁqﬁ
a=Y-b,X,-b,X,-..-0, X, (3.4)
b.= ZXiYi_inzYi
I nZXiZ_(ZXi)Z

1
=1

a ¢ = 4‘ ) o/ =
NTIUATIEN L@B\mma@ﬂL%dwn@mm@ufwmmy kAl

v

1. ATIHAANAIA (error) muﬁuéfmmﬁﬁju uazfinisuanussuunlasng

2. AN TUIINYBIFuUTRN (Y) Tunﬂéw@\iﬁfm,ﬂif‘im: (X) 9289
S

3. ANAHARNAREBIRALaRN (V) unazAnTuBssiY

4. FulaaasEAuINTAAT A aLI WA aTe i
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TINTAFDIVDIANRRYAIMNUANANHNATINIFDI Root Mean Square
difference ﬁQ%WﬁdﬂﬁﬁﬁU@ﬂﬂ'}"lNL‘ﬁilx‘iL‘Llulﬁlﬁ?;I‘?Jfﬂ\‘i‘ﬂﬂﬂjﬂﬁfﬂﬁ?"lﬂﬂﬁ‘iﬁﬂu')mfmﬂ

103a%I [n91NN133R

N 2
Zizl(xmodel,i 'Xmeas,i)

- N
RMSD= N (3.6)

Zizlxmeas,i
N
RMSD /8 5191889989 ANR AU AN LANANENNNAINDY (ATANANT) (%)
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w988 TN TN AR UAZAFINTTH 1985594 8.8.2 Lﬁuwﬁﬁumﬂ%%uzﬁqmﬁ
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Jupyter Notebook A rassflafilni@aw code Tunsfianazaans machine
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Tavinaun@asia Jupyter Notebook flABBNULILNATIANHgALTEAIANTSIEI1THAN
auiiin ns@enTae library WeasviaiBen code Lm:@w@fﬁymﬁ Jupyter Notebook 133
gﬂﬂ@ﬂLmu34ﬁ"fﬁyﬁwml,mxémfﬁimﬂfﬁqmﬁﬁm text editor

R A® Statistical Programming language WamIA888AN1aINATET S Tag
sIna@ifae Ross Ihaka Wway Robert Gentlernan fiussnaiin@uans i 1990s Tng
NS NI IRDIANABNTTANN [USUNTH WaaLAEBsfladnsLsewRraas
nfusinAnun uazgnlregunanatalunguiinadf Data Miners uazsindsnesa

Tan R version 1.0 alnananlnan aaiduil 29 1.0, 2543 SNIANIADILFAN 1H.¢.
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2989971 Tiobe Index (W.A. 2565) R Tnsummienoyududui 13 2a9
AEnRaNAumealan sandayideuaAnsesen R nufteufunnunds ¢ s1n
MuBY INgIzUaLUERYed R 9 iidafinisinsznseyaundnuanatenn
ANENABNAUADTEN

Microsoft Excel 1inlUsunssminemauansafans (Spreadsheet)
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CAL_LID_L2_05kmAPro-Standard-V4-21 amdu s EARTHDATA Atmosphere tilafs
ansiaulslnedaneafinAe Column_Optical_Depth_Tropospheric_Aerosols_532 13
FAUATIT 1 Wn31AN 2560 — $147 31 SuanAnN 2565

A7IEH MODIS (MODerate resolution Imaging Spectroradiometer) 5@3361
FAuUsaN NN AR IS UISUUUSaEs Usznaunas AOD RH TEMP HPBL NDVI
WS BrAuadudl 1 unanasn 2560 — 5491 31 Swanan 2565 tnanisdenllsunss
amsansaudsmsTsunss 1DL
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wapssslWlnfimes (sun photometer) fiautlsAmanAnBauas (A0D) Tne
Toaayasiount 2560 — 2565 Smdmaeshin dnsuniswdsuiieureyanudn
Bouasii laanaoyanfien CALIPSO
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AN CALIPSO saum O w.a. 2560-2565 uiniinnamile Tnsfnunudeudiey
voyaluiidmindasn easeuudiansiu PM2.5 duussannie

1. naiBeuiiey AOD 551919 AERONET fiu CALIPSO Taglsmmeadn
Pearson Correlation Coefficient (R?), Root Mean Square Error (RMSE), MAB Lag
Relative Mean Bias (RMB) %131 AOD ARONET il AOD CALISO §asinideslnu a0
R? = 0.65, slope = 0.46, RMSE = 0.34 W&z MAE = 0.27 91nn15ANHazifiuanan R?

fian 0.65 Geagturnsiisensuln

15 | y=0.46x+0.29
R2=0.65

16 ' RMSE=0.34

1.4 MAE= 0.27

1.2

CALIPSO AOD
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0.2
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ARONET AOD

AMWU9EnaU 25 uarensia3suidiey AOD S¥Ma19 AERONET fiu CALIPSO sevanad

o

W.A. 2560 -2565 Tuiisandaideal

2 AM9Eeuifiey AOD 5511919 MODIS U CALIPSO Tnetsmvneadd R2
RMSE, MAB L@z RMB W91 AOD ARONET i1 AOD CALISO 49nsmideatns San R2
— 0.65, slope = 0.46, RMSE = 0.34 MAE = 0.27 a1nnnsAnunazifinanan R? fen

0.65 Gvagurasiieansuln
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CALIPSOAOD
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05

¥=0.40x + 0.11
R2=0.76
RMSE=0.42
MAE= 0.29

0.5 1

MODIS AOD

15

AWLSENaY 26 LEANNISALTEU AOD 931919 MODIS fiu CALIPSO 553974

W.A. 2560 -2565 Tuiisandadesng

AN919 2 LARNIDYANTAL3ELTETAT AOD CALIPSO 1 AOD MODIS W@z AOD

Sun Photometer 553121950 W.#1.2560-2565 289Ut ides
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anH RMES MBE MAE R?
Sun Photometer 0.34 0.80 0.27 0.65
MODIS 0.40 0.24 0.29 0.76
AT NN 3 LLNG‘N%@HJ\W%’WLﬂﬁlﬁlﬁﬂLL‘]J’?VINﬂquﬁEJNﬁ%ﬂ’]@’]ﬂ?]lﬂﬂjﬂﬂ’l’]LﬁEIN
il Lat Long | AOD | TEMP | RH WS HPBL | NDVI
ool | 18.85 | 98.96 | 0.39 | 25.28 | 60.20 | 17.76 | 484.70 | 0.47
M AN 18.28 | 99.52 | 0.61 |29.66 | 59.00 | 11.84 |516.59 | 0.56
uNgBIAew | 19.31 | 97.96 | 0.42 | 28.34 | 54.38 | 17.28 | 342.80 | 0.62
\Bewsne | 19.70 | 100.14 | 0.50 | 28.60 | 47.35 | 17.89 | 477.30 | 0.52
W 18.79 | 100.71 | 0.53 | 24.10 |55.96 | 20.43 | 510.60 | 0.62
AW 18.58 | 99.07 | 0.71 |28.84 | 37.87 | 24.34 | 547.20 | 0.45
s 18.11 | 100.17 | 0.62 | 29.15 | 46.43 | 14.99 |532.85 |0.46
WELE 19.20 | 99.81 | 0.59 |28.07 | 42.32 | 20.27 | 54110 | 0.51
ansRan | 17.63 | 100.07 | 0.11 | 26.83 | 72.15 | 11.41 | 477.80 |0.70
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FLVINAT PM2.5 fudiaudanng o daued w.a. 2560 — 2565

P Units slope R?
RH (%) 0.720 0.55
NDVI Tuglvinag 0.002 0.39
WS (m/s?) 0.220 0.32
TEMP (‘C) 0.590 0.30
HPBL (Tufivuag) 0.430 0.05

NANTN 4 AEANTEIaTeyaTiEnaraLLLS AD ANATIN TR
Fealyal wuan pawdiLsuanbAFiug RH NDVI WS TEMP uay HPBL §
AN EUSBEIdFIa NN U aEAnEdL AT RH = 0.56, NDVI = 0.39
WS = 0.32, TEMP = 0.30 uag HPBL = 0.05 faiii radedalnrinanyalugnisaan
wuudnaslngEavddueindaulsiifinandniusiniigrilussfige uazinaya

Wingsuuu (U lsuuusasstudandnan o Tunamile



49

M99 B ﬂ’T‘iN‘;‘N LLUU@?”I@@@TNLM PM 2.5 (Linear Mixed Model)

Taiea AOD RH NDVI WS TEMP HPBL
1 /
2 / /
3 / / /
4 / / / /
5 / / / / /
6 / / / / / /

AINANTNNNTETNUUUSaD PM 2.5 Tasleisns @aiaunan Fixed
effect of the linear mixed — effects (LME) %ﬁﬁﬂf@?ﬂ‘;ﬂumuﬁmmﬁ 1 Usenaunagda
wils AOD uuUS1a99 2 Usyneumassauls AOD + RH uuus1ansit 3 Uszneumag
FuLls AOD + RH + NDVI uuus18@97l 4 Usznaundesiauts AOD + RH +NDVI + WS
LUSNAesTt 5 Usznaundasiauls AOD + RH + NDVI + WS + TEMP uasuuusansdl

6 UsenaumIgiauls AOD + RH + NDVI + WS + TEMP + HPBL ennsinudselu

v Yy ! 1 v 1
o A A o

pasinaaalayia 6 LAY earIuLUsIaasTiia inalfgsAIa1nn1snsaade

Y
£4 1

aaRWAWNINTIgA N gUsTHN AN PM2.5 §1W9m 9 dandnluniaumilases

Uszmeine

A1979 6 ANASTIZEY Fixed effect of LME RMM5UMWLLNREIAIINITNTNIES PM2.5 Tae)

Txvmyasiaund w.e. 2560 -2565

anid Model BO(Intercept) B1(AOD) BZ(RH) BC’J(ND\/\) B4<vvs> BS(TEN\P) B6(HPBL)

Beralvia

0 | 69.06%** |24.28%** | _0.65%**
A9 o | 49.48*** | 6.02% | -0.47%%*
WNFRIFEW | 3 | 125047 | 7.5 034 |-190.81%%*
1BeNsny 9 | 65.57*** | 29.10% | -0.75%**
W o | 27.85%* |46.02%%*| -0.27*
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A1979 6 (A8)
aofl [ Model| By | Braoo) Bow Bawow | Bans) | Boever| Bareas
A 6 90.19 2190 | -0.20 185 | 0.31 | -0.84 | -0.08
WS 5 L71.69 1079  |-045*  [81.39 013 [2.07
WL 5 [161.58%*  9.71 0.68%* 3481  |0.28 |3.02
ansfnn | 3 48106 134 _0.14 |30.66

MZuiEurayaRTHIINTNYN PM2.5

19 7 DBYAATIHIINIWEW PM2.5 n1afufin U PM2.5 Ailaennuuusiass LME

8018 | PM2.5cosured | PM2.5 e | Bias R? MAE RMSE

(g/m®) (ug/m® | (ugmd)

ol 30.18 30.18 0 100 | 0.00 0.00
A9 25.16 25.16 0 1.00 0.00 0.00
WHEBINEY|  33.43 53.43 0 100 | 0.79 1.33
Bowsne | 44.27 44.27 0 100 | 0.19 0.12
W 37.57 37.57 0 100 | 3.20 4.47
AN 37.96 37.96 0 0.80 5.60 7.10
e 43.90 43.90 0 076 | 1119 | 14.07
WL 31.29 31.29 0 099 | 248 3.30
gnsing | 16.33 16.33 0 100 | 000 0.00

NFINLEAINISILE LU ELANIENGY PM2.5 5219 9ANT [Aa1nn1sTn

1 dl v ° ‘di/ 4| - o o v ! °
LL@iﬂ’]ﬂTﬂ@’]ﬂLLUU@’]@@QT‘H NRANTIALRED 9 99119A Usznaumls L%?NT‘VHH N

UWHEBIREN BE9918 WK RTWH WNT WaEN WATERTAND 289UssimAe
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9InnsAnEIMsATELL s Renaen PM2.5 Mufisarindes i
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Abstract

Air quality has become a severe issue in
Bangkok, mainly due to PM2.5 (fine
particulate matter with particle size less i
than 2.5 um). Aerosol optical depth
(AOD) obtained for active satellite data
has been widely used to estimate PM2.5
near the ground. Nevertheless, passive
satellite data are rarely used to estimate
PM2.5 near the ground. In this study, a
total AOD in troposphere data achieved
from the Cloud-Aerosol Lidar with
Orthogonal Polarization (CALIOP) was
used to determine PM2.5 with climate
parameters (Temperature (TEM), relative humidity (RH), wind speed (WS), boundary layer height
(BLH), and the normalized difference vegetation index (NDVI) using Linear Mixed Effect Method
(LMEM). It was found that the coefficient (R?) increases from model 1 (0.87) to model 6 (0.99), and
the root mean square error (RMSE) reduces from 2.65 to 0.00 pg/m?. The best model gives an R?=0.99
(models 5 and 6). PM2.5 patterns between observed and predicted show similar representative patterns.
Therefore, our study provides CALIPSO AOD data with a potentially helpful estimation of PM2.5.

Calculate predicted PM2.5 concentrations

The monthly observed and predicedPM2.5

Keyword: PM2.5; AOD; CALIPSO; Satellite data; Linear mixed effect
©2024 CREATIVE SCIENCE reserved

1. Introduction that PM2.5 obtained from satellite AOD

Atmospheric aerosol has become a big issue
in Bangkok, especially PM2.5, which
substantially impacts the worldwide climate,
environmental change, and human health [1 — 3].
PM2.5 warning and monitoring are essential for
human protection. Nevertheless, due to a lack of
budget, PM2.5 monitoring is limited and only
covers some areas. A previous study confirmed

correlates well with ground-based data [4, 5].
Currently, many studies are focused on the
PM2.5-AOD model achieved from satellite data
such as the Moderate-resolution Imaging
Spectroradiometer  (MODIS),  the Visible
Infrared Imaging Radiometer Suite (VIIRS),
the Goddard Earth Observing System Data

77



Y. Jankondee ef al. / CREATIVE SCIENCE 16(3) (2024) 257117

(GEOS), and the geostationary meteorological
satellite Himawari [6, 7].

PM2.5 models are obtained from various
methods [8, 9]. Recent studies have focused on
the variation in PM2.5 concentrations at the
Earth’s surface [1, 2]. A few studies have
investigated PM2.5 only in the troposphere.
CALIPSO satellite monitors atmospheric
clouds and aerosols with a cloud-aerosol lidar
with orthogonal polarization in a vertical
column of high-resolution clouds and aerosols
to resourcefully produce the cloud and the
aerosol categories. Much of the current
literature on aerosol models pays particular
attention to using CALIPSO [10, 11].

Therefore, this work focused on estimating
ground-based PM2.5 concentrations obtained
from the CALIPSO AOD observation data with
climate parameters, BLH, and NDVI using
LMEM. Hourly PM2.5 concentrations from
ground observation were addressed with PM2.5
concentrations obtained from the best models.

2. Materials and Methods
Bangkok (13.60 N, 100.60 E) is a populated
and overcrowded city. In 2022, about 11 million
people lived in about 1,570 km? along the Chao
Phraya Delta.
'lhailamﬂ

e (LA

Bangkok Thailand

Fig. 1 Map of Bangkok

AODs and PM2.5 data

CALIPSO satellite was established to
produce aerosol and cloud data in a vertical
distribution at one depolarization and two
scattering channels. The CALIPSO onboard
instrument enhances the accuracy for estimating
aerosol radiative effect and assessing clouds'
feedback. AOD data obtained from CALIPSO
were used daily level 2 data with 1 km x 1 km
spatial resolution products downloaded from
https://search.earthdata.nasa.gov/search. PM2.5
data were collected from department.
Climate, NDVI, and BLH parameters

TEM, WS, and BLH are obtained from the
National Centers for Environmental Prediction
(NCEP) and the National Center for
Atmospheric Research (NCAR) (a spatial
resolution of 2.5 x 2.5). NDVI data (a spatial
resolution of 1 km) were downloaded from
https://search.earthdata.nasa.gov.
Linear mixed effect method

PM2.5 concentrations were retrieved by
using the LMEM [12, 13], which is described
in Equation (1). Data were separated into two
groups: train (80%) and test (20%).

PM2.5 = (Bg + Ho) + (B + 1y) X AOD + (B, +
12)TEM + (B3 + p3)RH + (B4 + py)WS +
(Bs+ms)BLH + (B6 + 1g)NDVI+e, (1)
where PM2.5 is a fine particular matter.

B is the fixed intercept.

u is the random intercept.

€ is the residual error.

AOD, TEM (°C), RH (%), WS (m/s),
NDVI, and BLH (m) are the factors at Bangkok
station. B1~ e are the fixed slopes and p1~peare
random slopes.

3. Results
Descriptive statistics

Ground-based PM2.5 concentrations were
obtained from January 2017 to December 2021,
Bangkok's seasons can be classified as summer
(February to June), rainy (June to October), and
winter (October to February). Average PM2.5
concentrations were high in winter months,
reaching a peak in January at 48.00 pg/m*. Low
levels were found in summer months, reaching
the lowest in April at 11.00 pg/m*. AOD data
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range from 0.02 to 2.05 with an average of 0.47.
Average meteorological factors are TEM, RH,
and WS, which are 28.60°C, 63.38%, and 10.13
m/s, respectively. The averages of BLH and
NDVI are 672.51 m and 0.38, respectively.

MODIS AOD Validation

As shown in Fig. 2, CALIPSO AODs have
been compared to AERONET AOD and
MODIS AOD data. CALIPSO AOD at 10 km

products (a 1x1-pixel sampling area with 10x10
km?) were compared to AERONET and
MODIS AOD.

The results of comparing CALIPSO with
AERONET AODs (R>=0.41 , RMSE=0.33
pg/m?, and MAE=0.07 pg/m?®) and CALIPSO
with MODIS AODs (R?=0.54, RMSE = 0.33
pg/m?, and MAE=0.07 pg/m?) are given a lower
RMSE and MAE, respectively, implying tiny
aerosol estimation uncertainty.

2 | y=032x+024 R=041 a y=0.48x+0.40 ’R-!=0,54 b
RMSE=0.33 ug/m’ RMSE=0.33 jg/m
MAE= 0.07 pg/m? MAE= 0.33 pg/m’
B
15 1
8 a
2 g
2 . 2
3 3 .
g e S |
B a . .
B . P v
. S 2o
05 3 (- o = 5% \
o /&
p
B 7 o o0 .
D
b
0
0 05 1 15 2 0 05 1 15 2
AERONET AOD MODIS AOD

Fig. 2 Comparing CALIPSO AODs with AERONET and MODIS AODs from 2017 — 2021

PM2.5 model

The LMEM was used in PM2.5 model with
AOD, TEM, RH, WS, BLH, and NVDIL. AOD
is the most critical parameter because it implies
how many aerosol particles are in a vertical
column from the earth to the top atmosphere.
The other factors were additional to improving
the predictive capabilities of PM2.5. In
addition, weather conditions are necessary for
assessing because they influence PM2.5

concentrations near the ground [14 — 16]. All
factors were included to the LMEM with
significant level at a = 0.001, 0.01, and 0.05.
Table 1 exhibits LMEM models. Table 1 shows
the results using the 5™ model compared with
Model 1, R? significantly raises 15%, and
RMSE falls 100 %. The best model is in the 5™
and 6™, giving an R? of 0.99 and an RMSE of
0.00 pg/m? (Table 2).
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Table 1 The fixed effect of the LMEM model was used to predict the ground-level PM2.5
concentrations collected from 2017-2021.

Model  Bomerepy  Biaony  Bowsn  Bswovyy  Baows)  Bsarewn e  RMSE (ug/m’)  MAE

1 17.76**  15.92° 2.65 2.09
2 42417 590 -0.31° 1.78 1.44
3 7.48 5.58  -0.50" 122.92 1.51 1.22
4 1.47 589  -0.49° 133.98" 0.1 1.50 1.25
5 72.69""  11.53"  -0.60""" 13539 -0.23""" -2.25""" 0.00 0.00
6 148.99""  9.95.  -0.65""" 112.28""" -0.18" -3.00 -0.06 0.00 0.00

***independent parameter is significant at the a = 0.001 level
**independent parameter is significant at the o = 0.01 level
*Independent parameter is significant at the o = 0.05 level

Table 2 PM2.5 concentrations (ug/m?) is observed at Bangkok in Thailand.

Model PM2.5 PM2.5predicted Bias R? RMSE MAE
(pg/m®) (ng/m?) (ng/m’)
1 26.77 -1.15 0.87 2.65 2.09
2 26.39 -0.77 0.93 1.78 1.44
3 25.62 26.38 -0.76 0.94 1.53 122
4 26.42 -0.08 0.93 1.50 125
5 25.62 0 0.99 0.00 0.00
6 25.66 -0.04 0.99 0.00 0.00
60
Bangkok Thailand Model § Yy -8E-07

R'=1

50

a
s

»
=)

Ground based PM2.5 (ng/m?)
@
s

y=1x- 0.00 R*=0.99
RMSE=0.00 pg/m*
MAE= 0.00 pg/m?

10

J
0 10 20 30 40 50 60

CALIPSO PM2.5 (ng/m’)

Fig. 3 LMEM was calculated by 38 for predicted PM2.5 concentrations (pg/m®)

All factors are essential for estimating PM2.5 concentrations. Table 2 establishes the model's fixed
intercept (Bo) and slopes (B1~Bs). RH, and TEM are significant at & = 0.01 and 0.01 (Table 2). R? of
model 5™ give the highest value, with all parameters being significant. Therefore, the 5" model showed
the best performance. Positive relations were observed between AOD and other NDVI. At the same
time, negative f (RH, TEM, and WS) imply a negative relationship with PM2.5.
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PM2.5 predictions

Fig. 4 shows the monthly observed PM2.5 and predicted PM2.5 from 2017 to 2021. PM2.5 values
give a high value in 2021 compared with 2017. A similar pattern is detected between observed and
predicted PM2.5. PM2.5 from two sources is an insignificant rise from 2017 to 2021. High PM2.5 was
found in winter compared to the rainy season due to low temperature, light wind, and non/less rain.
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Fig. 4 The monthly observed and predicted PM2.5 from 2017 —2021.

4. Conclusion and Discussion

PM2.5 concentrations in Bangkok from 2017
to 2021 were estimated using LMEM. Active
satellite data is more reasonable in spatial and
temporal resolutions to achieve precise data for
measuring aerosol particles in a vertical profile.
The aerosol profile will encourage more
information to investigate aerosol health
effects. Since AOD satellite data is easy to
access, the PM2.5 model can be an effective
prediction tool.

All factors are essential in the PM2.5 model.
For example, reducing PM2.5 may explain a
negative association between WS and PM2.5
during high wind speeds. Wind speed can
spread aerosol particles and decrease
concentrations [17, 18]. In winter and summer,
TEM and WS have a negative relation, causing
the formation of secondary aerosols [19]. A
slight negative relation between RH and PM2.5
indicates a slightly antagonistic association.
BLH and NDVI also affect PM2.5 because
adding those parameters improves the models.

Increased PM2.5 concentrations in winter may
be related to biomass-burning seasons[20, 21].
Necessary weather conditions retain aerosol
particles suspended in the air for an extended
time.

This work can improve the estimation of
PM2.5 concentrations near the ground in
Bangkok, revealing information on harmful
pollutant air and possible health risks.
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