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Abstract

Background and Objectives: Fine particulate matter (PM, ) pollution has been a persistent environmental issue in
Thailand for over two decades. In 2023, Thailand ranked fifth in Southeast Asia among countries experiencing the
worst air quality for over 30 consecutive days. Bangkok and its metropolitan area, as the country’s economic,
political, social, and cultural hub, have undergone rapid urban expansion, intensifying cumulative pollution and
continuously affecting residents’ quality of life. In 2022, only three months recorded good air quality. The highest
PM, . concentrations occurred during March and April, particularly in roadside areas, where levels began to pose
adverse health impacts and showed an increasing trend. However, the limited number of air quality monitoring
stations restricts comprehensive surveillance and accurate assessment of PM, . concentrations. Aerosol Optical
Depth (AOD) data obtained from the Himawari-8 satellite are widely recognized as a valuable alternative for
estimating PM, . levels in areas without ground-based monitoring due to their broad spatial coverage.
Meteorological conditions and urban factors also influence PM, . concentrations. Land Use Regression (LUR),
extensively applied in previous studies, has demonstrated strong capability in explaining PM, factors. Therefore,
this study aims to examine the relationships among PM, . concentrations, AOD data, meteorological factors, and
urban factors in the Bangkok Metropolitan Region. The LUR model is developed to estimate PM, . levels in
unmonitored areas and to generate monthly concentration maps covering the entire study area.

Methodology: Data were collected from 73 air quality monitoring stations operated by the Pollution Control
Department and the Bangkok Metropolitan Administration to develop a PM, . database. Meteorological factors—
including wind speed, temperature, relative humidity, and air pressure—were compiled. In addition, Aerosol Optical
Depth (AOD) data obtained from Himawari-8 in NetCDF format, with a spatial resolution of 5 x 5 square kilometers,
were extracted at station locations. Subsequently, all datasets were organized into daily and monthly records. Urban
factors comprised traffic speed, population density, and land use. For spatial analysis, buffer zones with radius of
200, 400, 600, 800, and 1,000 meters were mapped around each station. The buffer distance showing the highest
correlation with PM, , for each factor was then selected for model development. To investigate factor associations,
Pearson’s correlation coefficientat a 0.01 significance level was applied to identify variables significantly associated
with PM, .. These selected predictors were then incorporated into a Land Use Regression (LUR) model using
stepwise selection to construct a multiple linear regression equation for estimating PM, . concentrations. Model
performance was subsequently evaluated using R? and Root Mean Square Error (RMSE), together with 10-fold and
leave-one-out cross-validation (LOOCV). Finally, the resulting regression equation was used to produce monthly

PM, .maps for the study area.
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Main Results: The results of PM, concentration estimation in the Bangkok Metropolitan Region area during
2019-2023 reveal pronounced spatial and temporal variability, with peak concentrations consistently occurring in
the winter season each year. Analysis of the relationships between PM, . and meteorological factors indicates that
air pressure and relative humidity were the most influential factors. Relative humidity exhibited a significant negative
correlation with PM, . concentrations, whereas air pressure showed a significant positive correlation. Regarding

urban factors, several land use categories were significantly associated with PM, ., reflecting the role of human

2.5
activities in shaping pollution distribution patterns. Traffic speed and population density demonstrated weak
negative correlations; Aerosol Optical Depth (AOD) data derived from Himawari-8 showed positive correlations with
PM, . at all monitoring stations. Although the strength of these correlations was moderate, their temporal consistency
highlights the potential of AOD as a surrogate for ground-based monitoring data in areas with limited station
coverage. The Land Use Regression (LUR) model yielded an R? value of 0.339 for the combined five-year dataset,
with a Root Mean Square Error (RMSE) of 9.971. The highest R? value (0.456) was observed in 2020, demonstrating
the model's capacity to explain PM, . variability in a complex urban environment. The model outputs were further
applied to develop monthly PM, . maps, providing a foundational dataset for area-based air quality management
planning.

Conclusions: The research findings indicate that PM, . concentrations exhibit pronounced seasonal variability,
particularly during the winter period. Correlation analysis revealed that meteorological factors are significant
determinants, exerting statistically significant influences on PM, . levels. In contrast, urban factors play a
comparatively lesser role in explaining pollution variability. Aerosol Optical Depth (AOD) data derived from the
Himawari-8 demonstrated consistent correlations with PM, . concentrations across all monitoring stations over
multiple time periods. The Land Use Regression (LUR) model achieved a moderate level of predictive performance
and was capable of generating monthly PM, . concentration maps. These outputs can effectively support localized
air quality monitoring and management strategies.

Keywords: PM, ; Land Use Regression model; Aerosol Optical Depth (AOD); Himawari-8
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Figure 3 Workflow of research methodology
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Table 1 Table Comparing PM, . Concentrations and AOD Values at the Station Level

Pearson's Correlation Coefficient (R)

Stations AOD
Daily Monthly
Taling Chan 0.80 0.225** 0.384**
Bang Bon 0.76 0.215** 0.360**
Bang Kapi 0.70 0.206** 0.350**
Minburi 0.62 0.055** 0.316**
Watthana 0.58 0.044** 0.280**

** Correlation is significant at the 0.01 level (2-tailed)
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driansudusaion aznudn ludaendaArauduiusgeaziilugosnaunnial nUAITWUS sa1AN

noAAN8U uaztuIaN Teduteegguuinresdssmalne sesasnnpelutaggfeuluneuiiunan wsiey was
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NOEAIAN Wi luwtaengeuneulnuiey NangIAN AN wasiueeu AMANANTUSsTud T A NNy
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o o ¥

289 PM, . fiuAn AOD azilansn visgadasyaluglutvaesriniafssnedis uazgtluuuaedaefseaman a18190uans

ANANANTUSI AL Tasa Table 2

Table 2 A comparative table of the correlation coefficients between PM, ;concentrations and AOD on a monthly

Pearson's Correlation Coefficient (R)

Month AOD
Daily Monthly
January 1.02 0.170** 0.308**
February 1.01 0.179** 0.161**
March 0.44 0.146™* 0.032**
April 0.86 0.090** 0.126**
May 0.69 0.054** 0.031**
June 0.51 0.056** 0.054**
July 0.38 0.099** 0.097*
August 0.41 0.020** 0.069**
September 0.62 0.030** 0.085**
October 0.38 0.089** 0.202**
November 0.50 0.105* 0.268**
December 1.87 0.123** 0.326™*

** Correlation is significant at the 0.01 level (2-tailed)
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Table 3 Correlations between the meteorological factors and PM, . concentrations

Meteorological Factors Wind Speed Temperature Relative Humidity Air Pressure
Daily -0.110* -0.182* - 0.346* 0.336**
Monthly -0.145* -0.212** -0.392** 0.430*

** Correlation is significant at the 0.01 level (2-tailed).
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Table 4 The Highest correlations between PM, . concentrations and urban factors and the selected radius from the

monitoring stations

Selected Radius from the
Urban factors Daily Monthly
Monitoring Stations (Meters)

Traffic Speed 1000 -0.054** -0.078**
Population Density 1000 -0.014** -0.011**
Agriculture 1000 0.064** 0.069**
Commercial 1000 -0.067** -0.064**
Government 1000 0.055* 0.104*
Transportation 1000 0.057* 0.081**
Forest 800 -0.044** -0.092**
Industrial 800 -0.040** -0.099**
Open Space 400 0.066** 0.094**
Water Bodies 400 0.067* 0.041*
Residential 200 0.053** 0.045**

** Correlation is significant at the 0.01 level (2-tailed)
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Figure 4 Relationships between PM, . concentration and meteorological factors, urban factors,

and AOD from the Himawari-8 satellite
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TuguuuAnedumuiiey wuusaesasAndendaudsififuddyfiatwdy 15 Tade JauanssaaziBenld
FaaunT7 (3)
PMysom, = -976.523-(0.532*RH) + (1.043 * AP) - (3.988 * WS) + (6.071 * Water Bodies)

+(4.968 * AOD) - (0.128 * TS) + (3.290 * Open Space) + (3.102 * Government)

+ (8.786 * Agriculture) - (0.415 * TEM) + (6.356 * Transportation) — (4.7 * POP) (2)
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PM = -1514.108 + (1.593 * AP) — (0.645 * RH) — (1.643 * Commercial) — (0.221 * TS)

2.5 Monthly

- (6.33 * Industrial) + (3.61 * Water Bodies) — (1.90 * WS) — (2.381 * Residential)

Research Anicle

-(1.670 * Forest) — (7.594 * POP) + (3.515 * AOD) — (0.512 * TEM) + (2.91 * Government)

+ (2.137 * Open Space) + (5.210 * Agriculture)

Ime®  AOD = Aerosol Optical Depth
RH = Relative humidity
POP = Population density

Forest = Forest area

WS = Wind speed

Industrial

AP = Air pressure TS

Residential = Residential area

= Industrial area

TEM = Temperature

= Traffic speed

)

Commercial = Commercial area

Government = Government area

Transportation = Transportation area Open Space = Open Space area Agriculture = Agriculture area

Water Bodies

Table 5 Regression coefficients of daily average data based on the Land Use Regression (LUR) model

= Water Bodies area

Unstandardized Coefficients

Beta t Sig.
B Std. error
(Constant) -976.523 29.046 -33.620 <0.001
Relative humidity -0.532 0.008 -0.325 -67.162 <0.001
Air pressure 1.043 0.028 0.207 37.407 <0.001
Wind speed -3.988 0.140 -0.135 -28.449 <0.001
Water Bodies 6.071 0.000 0.111 23.622 <0.001
AOD 4.968 0.216 0.103 22.982 <0.001
Traffic speed -0.128 0.12 -0.049 -10.502 <0.001
Open Space 3.290 0.000 0.072 14.520 <0.001
Government 3.102 0.000 0.073 15.508 <0.001
Agriculture 8.786 0.000 0.089 18.057 <0.001
Temperature -0.415 0.046 -0.048 -9.114 <0.001
Transportation 6.356 0.000 0.040 8.642 <0.001
Population density -4.700 0.000 -0.020 -4.188 <0.001

a1n Table 5 N133LATNHTaNasUuULIDIANRAI185Y Tnaldiladaiannn 16 Tads A1 v ey

LULANa89 Land Use Regression wuan taag

LR 1)

'
= o

nanAnt

a

aaneglunuuanaasuarlaug ATy Al AnaeawI

12 1184t GerfadanfaouduiusiuAtaududuaes PM, . 11niiga Aa ANTUANAYS 3898917 AB AIINNA
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Table 6 Regression coefficients of monthly average data based on the Land Use Regression (LUR) model

Unstandardized Coefficients

Beta t Sig.
B Std. error
(Constant) -1514.108 116.657 -12.979 <0.001
Air pressure 1.593 0.112 0.321 14.254 <0.001
Relative humidity -0.645 0.037 -0.340 -17.283 <0.001
Commercial -1.643 0.000 -0.123 -2.434 <0.001
Traffic speed -0.221 0.045 -0.106 -4.929 <0.001
Industrial -6.330 0.000 0.050 -2.109 <0.001
Water Bodies 3.615 0.000 0.103 4.918 <0.001
Wind speed -1.907 0.428 -0.093 -4.450 <0.001
Residential -2.381 0.000 -0.066 -1.698 <0.001
Forest -1.670 0.000 -0.037 -1.712 <0.001
Population density -7.594 0.000 -0.042 -2.196 <0.001
AOD 3.515 1.250 0.053 2.813 <0.001
Temperature -0.512 0.221 -0.050 -2.312 <0.001
Government 2.910 0.000 0.092 3.593 <0.001
Open Space 2.137 0.000 0.061 2.715 <0.001
Agriculture 5.210 0.000 0.070 2.547 <0.001

D

' P

Lo e ] A A e s & o = 5 5 a
UBANATNU ENWLIN m@H@gﬂLLUUﬂlﬂﬂﬂqLﬂ@ﬂi‘qﬂLﬂﬂuﬂﬂqmﬂﬂiz’&Wﬁﬂqimﬂ@ui@ (R @\‘Iﬂqqﬂ’]@ﬂﬂﬁ‘zgﬁﬂﬁﬂ’]?

al

a ' o

AndularesdayagluuuaesAniafnsnedu G9iAn windu 0.339 nugaannd aunisilaainisnasuiamay

wsdsauaasdn PV, 1i5esay 33.9 uaziAmulanaianideaesiads (RMSE) winfiu 9.971 Tuamei doya

a o

sUnuUrRsARRt el HAndulscAnBnisandula (R%) windu 0.236 amisneiuisauulslsusesdn PM,
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o 4 & Ay aL . ) I I y o
Ye9ALRAENLAeU Narirdulssananisndnla (RY) geandrArdulss@nanisindulazesdeyagiutiuaessiaie

a
'
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Table 7 The performance of Land Use Regression models 2019 — 2023

Year Daily Monthly
R? RMSE R’ RMSE
2019 - 2023 0.236 14.470 0.339 9.971
2019 0.312 14.901 0.432 7.626
2020 0.380 7.893 0.456 10.870
2021 0.283 14.944 0.417 9.823
2022 0.250 12.986 0.347 10.053
2023 0.248 14.039 0.343 8.482

ffasudusaggnia Aaznudn ludaenguuin (WgAInIew —NNANWLE) wuudaiaedandayasadu

a

arilpndulsr@ananissndula (R?) winfu 0.305 wazlANANAAIARADUANAIZD4LaAs (RMSE) Winfy 9.509 aaush

wuudtaesandayaseinauliai R? gaauiilu 0.345 atinelafinnn A1 RMSE wsauiilu 15.958 Anduilsc@nanng

v
v a o Y

Andula (R) 7098911 An fgian (HuiAx -naun1aN ) uazngru (Aguien - nanan) muadu visdeyagtiuuaes

ANRARITEITY Lmzﬂﬁﬂg‘@gﬂuummml,@amwLﬁ@u AN EAIAN N srANN19snAwlA (RY) TRsd Table 8 waz

Figure 5

Table 8 The performance of Land Use Regression models

Seasonal Daily Monthly
R® RMSE R® RMSE
Winter 0.305 9.509 0.345 15.958
Summer 0.162 12.656 0.244 10.347
Rain 0.159 8.909 0.212 15.656

470



B l QW?@WSQWH’M’MMSUSW’] ﬁ‘Vl 31 ( ’ﬂ‘]_I‘LIV] 2) NOBNIAN — AIWMNAN W.A. 2569
Research Article

BURAPHA SCIENCE JOURNAL Volume 31 (No.2) May —August 2026
BURAPHA SCIENGE JOURNAL
ISSN 2985-0983 (online)

12
1 a

HAAIN Table 8 Nuanaliiiudn lugguuie Ardudszdnsnissindula aziiAgange vistiiiasnnannu

. da 4 aaa . Y & odo
fgvune AnsoizeniAnduwazie daznaliifianisazandaresiuinenududuses PV, Tuiuinlaglinszans
LN auaunswazanneeulugguuiarinliduazessasdouasiinonududuge luanziggfeuinig
wasuingresanAinlinnezatefsresiniuAudndures PM,  nsazanining deualidn R luggien
And1aauun luggiu Andudsz@nsnisandula (RY) dnazardigamunn uazngfeu iesnianneuiinngoaasans

nafieananaIn1A il Bunuanududuass PM, . anas waziinnisnszaaslan Al A1 R AsdAsnign

=, £

g

2 5L
g- 3
- 0

w o 0

oi =
s b
= 3

% 'llt,_-;f.‘.' Winter | © ¥ ".. Summer
g0 el oyt RE= 035 | 9 2 Ri= 0244
@ . 20 R= 0587 =~ £ . R= 0494
i we RMSE= 15958 | O RMSE = 10.347
% % P w e ) P P % %o
Actual PM, ; from BMA & PCD (ug./m?) Actual PM, ; from BMA & PCD (ug./m?)
(a) Winter (b) Summer

@ %% Rain

RZ=  0.212
R=  0.460
RMSE = 15.656

Predicted PM, 5 LUR (ug./m?)

10 20 Y 40 50 Py ) 80

Actual PM, 5 from BMA & PCD (ug./m?)

(c)

Figure 5 The graph shows the predicted PM, , using the Land Use Regression by season
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